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ABSTRACT

This report assesses the state of the science on the environmental impacts of mountaintop
mines and valley fills (MTM-VF) on streams in the Central Appalachian Coalfields. These
coalfields cover about 48,000 square kilometers (12 million acres) in West Virginia, Kentucky,
Virginia and Tennessee, USA. Our review focused on the impacts of mountaintop removal coal
mining, which, as its name suggests, involves removing all or some portion of the top of a
mountain or ridge to expose and mine one or more coal seams. The excess overburden is
disposed of in constructed fills in small valleys or hollows adjacent to the mining site.

Our conclusions, based on evidence from the peer-reviewed literature and from the U.S.
Environmental Protection Agency’s Programmatic Environmental Impact Statement released in
2005, are that MTM-VF lead directly to five principal alterations of stream ecosystems:

(1) springs, intermittent streams, and small perennial streams are permanently lost with the
removal of the mountain and from burial under fill, (2) concentrations of major chemical ions are
persistently elevated downstream, (3) degraded water quality reaches levels that are acutely
lethal to standard laboratory test organisms, (4) selenium concentrations are elevated, reaching
concentrations that have caused toxic effects in fish and birds and (5) macroinvertebrate and fish
communities are consistently and significantly degraded.

Preferred citation: U.S. EPA (Environmental Protection Agency). 2009. The Effects of Mountaintop Mines and
Valley Fills on Aquatic Ecosystems of the Central Appalachian Coalfields. Office of Research and Development,
National Center for Environmental Assessment, Washington, DC. EPA/600/R-09/138A.
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FOREWORD

Headwater streams and watersheds in Appalachia play a disproportionately large role in
the region’s ecology. They are sources of clean, abundant water for larger streams and rivers,
are active sites of the biogeochemical processes that support both aquatic and terrestrial
ecosystems, and are characterized by exceptional levels of plant and animal endemism
(i.e., biodiversity hotspots). The benefits of healthy headwaters are cumulative as the critical
ecological functions of many small streams flowing into the same river system are necessary for
maintaining ecological integrity.

The practice of mountaintop mining and valley fills, which has become increasingly
common in Appalachian states, can have major environmental consequences for the mountain
ecosystem, the nearby valleys and downstream water quality. There is a growing body of
evidence in the scientific literature that valley fills from mountaintop mining are having
deleterious ecological effects. Recent published reports show that as water quality deteriorates
downstream of a valley fill, the biota within the stream are likewise affected.

The mining of coal in the United States is highly regulated. Mountaintop mining, in
particular, involves multiple statutes and agencies at both the federal and state levels. The two
key federal laws are the Surface Mining Control and Reclamation Act (SMCRA, 25 U.S.C. §
1201) and the Clean Water Act (CWA, 33 U.S.C. § 1252). The key entities at the federal level
are the Office of Surface Mining (OSM), the Environmental Protection Agency (EPA) and the
U.S. Army Corps of Engineers (USACE). On June 11, 2009, in a Memorandum of
Understanding, these agencies committed to a series of activities to improve the regulation of
mining practices under existing statutory authorities.

This assessment report is one of several actions EPA has initiated to better understand the
ecological impacts of mountaintop mining. For this report, the EPA Office of Research and
Development has reviewed and assessed the published peer-reviewed literature on the aquatic
impacts associated with mountaintop mining. This version of the assessment will undergo an
external peer review by EPA’s Science Advisory Board. The final peer-reviewed assessment
will inform the EPA as it continues to implement its regulatory duties under the Clean Water
Act.

Michael W. Slimak, Ph.D., Associate Director
National Center for Environmental Assessment, Office of Research and Development
U.S. Environmental Protection Agency, Washington, DC
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1. EXECUTIVE SUMMARY

Mountaintop mines and valley fills (MTM-VF) lead directly to five principal alterations
to stream ecosystems: (1) springs, intermittent streams, and small perennial streams are
permanently lost with the removal of the mountain and from burial under fill, (2) concentrations
of major chemical ions are persistently elevated downstream, (3) degraded water quality reaches
levels that are acutely lethal to standard laboratory test organisms, (4) selenium (Se)
concentrations are elevated, reaching concentrations that have caused toxic effects in fish and
birds, and (5) macroinvertebrate and fish communities are consistently and significantly
degraded. These conclusions are based on evidence, described in this report, from the
peer-reviewed literature and from the U.S. Environmental Protection Agency (EPA)
Programmatic Environmental Impact Statement (PEIS) released in 2005. Our review focused on
the impacts on mountaintop removal coal mining, which as its name suggests, involves removal
of all or some portion of the top of a mountain or ridge to expose and mine one or more coal
seams. The excess overburden is disposed of in constructed fills in small valleys or hollows
adjacent to the mining site.

Evidence shows that concentrations of chemical ions are, on average, about 10 times
higher downstream of MTM-VF than in streams in unmined watersheds. Sulfate (SO,4%),
bicarbonate (HCO;"), calcium (Ca®") and Magnesium (Mg®") are the dominant ions in the
mixture, but potassium (K "), sodium (Na"), and chloride (C1") are also elevated. These ions all
contribute to the elevated levels of total dissolved solids (TDS), typically measured as specific
conductivity, observed in the effluent waters below valley fills. These ions do not degrade or
precipitate out of the water column. Concentrations decrease only when diluted by another,
cleaner, source of water.

Water from sites having high chemical ion concentrations downstream of MTM-VF is
acutely lethal to invertebrates in standard aquatic laboratory tests, and models of ion toxicity
based on laboratory results predict that acute toxicity would be expected from the ions alone.
Benthic macroinvertebrate assessments of condition frequently score “poor quality” at sites
downstream of MTM-VF that have high ion concentrations.

Selenium concentrations are also elevated downstream of MTM-VF. Selenium can
bioaccumulate through aquatic food webs, and elevated levels have been found in fish in this
mining region. More than half of the sites surveyed downstream of MTM-VF exceeded the
chronic Ambient Water Quality Criterion (AWQC) for selenium. Selenium has been associated
with increased death and deformities in fish and reduced hatching in birds in studies of coal
overburden effluents in other regions.

This document is a draft for review purposes only and does not constitute Agency policy.
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Permits already approved from 1992 through 2002 are projected, when fully
implemented, to result in the loss of 1,944 km of headwater streams. This represents a loss of
almost two percent of the stream miles in the focal area (KY, TN, WV, and VA), a length that is
more than triple the length of the Potomac River, just during this 10-year-period. We found no
studies that updated the MTM-VF inventory conducted as part of the PEIS in 2002, but both
mine footprint and stream losses were projected to double by 2012. An updated inventory would
allow statistically sound estimates of cumulative stream loss and is a critical information need.

Reclamation practices (e.g., contouring and revegetation) were common in all of the
reviewed studies. The data indicate that reclamation partially controls the amount of soil erosion
and fine sediments transported and deposited downstream. The acidic drainage that is often
associated with coal mining is largely neutralized through reactions with carbonate minerals
within the valley fills or treatment in the sediment retention ponds. Yet, because ions, metals,
and selenium below MTM-VF were elevated in the reviewed studies, we conclude that current
management efforts do not improve all aspects of water quality. Additionally, there is no
substantive evidence in the literature or PEIS that onsite mitigation by constructed channels or

wetlands has replaced or will replace the lost ecosystem functions and biodiversity.

This document is a draft for review purposes only and does not constitute Agency policy.
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2. INTRODUCTION

The purpose of this report is to assess the state of the science on the environmental
impacts of MTM-VF on streams in the Central Appalachian Coalfields." The coalfields cover
about 48,000 square kilometers (12 million acres) in West Virginia, Kentucky, Virginia and
Tennessee, USA (see Figure 1) (U.S. EPA, 2003, 2005).

The Central Appalachian Coalfields have a long history of mining. Current mining
methods, including MTM-VF, employ methods to control the acid mine drainages (AMD) that
have been a historic and continuing source of water quality degradation. The purpose of this
report is to evaluate evidence of the impacts of MTM-VF on headwater and downstream systems
despite improvements in acidic discharges. It is prompted by EPA’s re-examination of how best
to implement environmental laws, especially the Clean Water Act (CWA), that are relevant to
surface mining (see Section 2.2).

We evaluated six potential consequences of MTM-VF:

e Loss of headwater and forest resources (see Section 3)
e Impacts on water quality (see Section 4)

e Impacts from aquatic toxicity (see Section 5)

e Impacts on aquatic ecosystems (see Section 6)

e The cumulative impacts of multiple mining operations
(see subsections of Sections 3, 4, and 6)

e Effectiveness of mining reclamation and mitigation (see Section 7)

We did not evaluate the impacts of MTM-VF on cultural or aesthetic resources.

We used two sources of information for our evaluation: (1) the peer-reviewed, published
literature and (2) the PEIS and its associated appendices (U.S. EPA, 2003, 2005). Only a few
peer-reviewed papers have studied water quality or stream ecosystems in headwaters directly
affected by or downstream of MTM-VF in the Central Appalachian Coalfields (Appendix A).
This report draws from these papers and from the relevant research findings of laboratory studies
and observational studies from other locations and mining activities. We also discuss the
findings published in the PEIS, which was published as two separate documents; the Dratft,
published in 2003, and the Final, published in 2005. The final PEIS included responses to
comments on the draft and newer research results but did not include a revision of the original

'The derivation of the study boundary is described further in Chapter 4 of the PEIS (U.S. EPA, 2003, 2005).
This document is a draft for review purposes only and does not constitute Agency policy.
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material. When citing results from the many appendices of the PEIS, we specified the source to
make it easier for readers to find the original material. Finally, authoritative text books were

used as a source of background information and general scientific knowledge.

2.1. OPERATIONS USED IN MTM-VF

Mountaintop removal mining, like other surface mining practices, removes the soil and
rock over a coal seam (i.e., the overburden) to expose the coal. It is distinct from other types of
surface coal mining (e.g., contour mining) in its scale. This overview of the processes used in
MTM-VF summarizes the description in the PEIS (U.S. EPA, 2003, 2005). The mountain or
ridge top is prepared for mining by building access roads, clearing all trees and stockpiling
topsoil for future use in reclamation. Then, explosives are used to blast the entire top of the
mountain or ridge to expose and mine one or more coal seams (see Figure 2). As much as
300 vertical meters (1,000 feet) of overburden are removed.

The overburden removed during mountaintop mining cannot all safely be put back into
place because of the overall volume of the material and because the volume increases when the
rock is broken up. Some of the overburden is used to recontour the mine surface. The excess
overburden is disposed of in constructed fills in valleys or hollows adjacent to the mined site.
These fills bury the intermittent streams, springs and small perennial streams that comprise the
headwaters of rivers.

Both water flow and sediment discharges are altered by MTM-VF (see Figure 3). The
heavy equipment used to mine and move the overburden compacts the bare soils, forming a
large, relatively impervious surface that increases surface runoff. On the mined site, surface
runoff is diverted into ditches and sediment ponds, replacing natural subsurface flow paths.
Water flows out of the ditches through notches, or is directed toward the valley fill. Depending
on the construction and degree of compaction of the valley fill, the water then either percolates
through porous fill material or flows through ditches and coarser rock drains within, under, or
beside the fill. The effluent that emerges downstream of the ditches and below the downgradient
edge (i.e., the toe) of the valley fill is discharged into constructed channels and then to ponds that
are also used as treatment basins, for example, to settle solid particles, precipitate metals, or
regulate pH.

After the coal is removed, the extraction area is graded and planted to control sediment
runoff. The sediment retention pond may be eventually removed, and the stream channel is

recreated under the footprint of the pond.
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The coal is transported from the mine using trucks, conveyers or rail to a processing site,
where it is washed prior to transport to market. The impacts of coal processing, slurry ponds and
transport are not discussed in this report.

Mines can be as large as some cities (see Figure 4) and may use several different types of
mining, including underground methods such as room and pillar or long-wall mining and surface
methods such as contour, area and high-wall mining, in addition to mountaintop removal.
Though these other forms of mining can also produce small fills, valley fills resulting from
mountaintop removal are by far the largest. The active life of a mine increases with size; larger
mines can be active between 10 and 15 years.

The density of all coal mining activity (surface and underground) can be quite high in
some parts of the region (see Figure 5). Current statistics on the spatial extent of MTM-VF are
unavailable. As of 2002, the footprint of surface mine permits was estimated at 1,634 km®
(U.S. EPA, 2002) or about 3.3% of the land cover in the Central Appalachian Coalfields. As of
2001, permits for 6,697 valley fills were approved. Between removal with the mountain or
burial under fill, over 1,900 km of stream were scheduled to be lost through these existing
permits (U.S. EPA, 2002). The streams lost represent 2% of the streams in the study area, a
length that is more than triple the length of the Potomac River. More current statistics were
unavailable at the time this report was written, but both mine footprints and stream losses were
projected to double by 2012 (U.S. EPA, 2002).

2.2. REGULATORY CONTEXT

MTM-VF are permitted by state and federal surface mining and environmental protection
authorities. Individual mines are regulated under the Surface Mining Control and Reclamation
Act (SMCRA) by the Office of Surface Mining (OSM) and by delegated States under OSM
oversight. In addition, several specific sections of the CWA apply. These are implemented by
the EPA, the U.S. Army Corps of Engineers (USACE) and individual states authorized to
implement portions of the CWA. Although a complete listing and interpretation of the
regulations that affect MTM-VF operations are beyond the scope of this paper, Appendix B
provides a brief discussion of how water quality standards are implemented through the CWA in
the context of MTM-VF.

Two CWA permits are relevant to MTM-VF. The USACE issues a permit pursuant to
Section 404 of the CWA (33 U.S.C. § 1344) for the discharge of dredged and/or fill material.
This permit includes the valley fill itself and the fill necessary to create a sediment pond below
the valley fill. The second permit is issued by either the EPA or an authorized state pursuant to
Section 402 of the CWA (33 U.S.C. § 1342). The Section 402 program is also known as the
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National Pollutant Discharge Elimination System (NPDES). The NPDES permit includes the
discharge from the sediment pond and any stormwater associated with the mining activity.

Both permitting programs prohibit activities or discharges that cause or contribute to
violations of numeric or narrative state water quality criteria. While numeric criteria protect a
water body from the effects of specific chemicals, narrative criteria protect a water body from the
effects of pollutants that are not easily measured, or for pollutants that do not yet have numeric
criteria, such as chemical mixtures, or suspended and bedded sediments. Examples of narrative

standards that are particularly relevant to evaluating MTM-VF impacts include

e From West Virginia: No significant adverse impact to the chemical, physical, hydraulic,
or biological components of aquatic ecosystems shall be allowed (WV § 47-2-3).

e From Kentucky: Total dissolved solids or conductivity shall not be changed to the extent
that the indigenous aquatic community is adversely affected (401 KAR 10:031,
Section 4(f)).

“Adversely affect” or “adversely change” means to alter or change the community
structure or function, to reduce the number or proportion of sensitive species, or
to increase the number or proportion of pollution tolerant aquatic species so that
aquatic life use support or aquatic habitat is impaired (401 KAR 10:001,

Section 1(5)).
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Figure 1. The Central Appalachian coalfields.

Source: EPA (U.S. EPA, 2003, 2005).
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Figure 3. Small stream watershed before and after mountaintop mining and
creation of a valley fill (simplified view, scales differ between upper and

lower halves of diagram). Photographs of macroinvertebrates by Greg Pond.

A. Before mining. The figure on the left side of the diagram illustrates the natural topography, geologic
strata and soil layers associated with small mountain streams in eastern coalfields. Stream valleys (natural
depressions in the landscape that conduct channelized streamflow) are the most obvious topographic feature
of the watershed. However, most of the water in small watersheds flows underground though a complex
system of aquifers (a), soil layer interflows (b) and slow moving trickles through minute stress fractures in
geologic strata of the parent mountain (c¢). Overland flow and subsurface flows (indicated by arrows) form
channelized flows (d) that integrate features of the entire landscape, including riparian vegetation and
diverse, instream biological communities.

B. After mining. On the right side, the same watershed is shown after the mountain rock layers have been
removed, crushed and deposited in the stream valley. Flat surfaces of remaining rock layers are less
permeable, producing higher surface runoff into a flood control channel (e) and valley fill (f, height is
approximate). Infiltration though valley fills of water exposed to larger total surface area of porous
unweathered rock (g) produces higher channelized flows and higher concentrations of dissolved ions and
trace metals downstream, where biological communities shift towards tolerant taxa (h). Subsurface
flowpaths in the intact geologic strata vary, depending on the types of rock in them, but water tables may
‘back up’ against the valley fill as shown here (i), increasing baseflows and exposure to valley fill materials.

This document is a draft for review purposes only and does not constitute Agency policy.
12/17/09 9 DRAFT—DO NOT CITE OR QUOTE



NN DR W

Figure 4. Satellite images of the 40-km’> Hobet 21 mine (Boone County, WV)
(Panel A), and the Washington DC area (Panel B), at the same scale.

Source: Google Maps (2009).
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Figure 5. Permit boundaries for surface and underground mines in
southwestern West Virginia. The Hobet 21 is shown in middle left near Point a.

Source: WV DEP (2009). Colors modified to improve legibility.
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3. LOSS OF HEADWATER AND FOREST RESOURCES

Headwater streams dominate surface flows in the United States and comprise 70—80% of
the total stream miles in the eastern coal mining states (Leopold, 1964; U.S. EPA, 2003, 2005).
Headwater stream ecosystems occur on all mountains in the eastern coalfields and in all valleys
that receive the excess overburden from mountaintop mining. Impacts include the loss of
headwater streams and forests on the removed mountaintops; burial of streams in the actual

footprint of the valley fills; and fragmentation of adjacent forests.

3.1. ESTIMATING EXTENT OF HEADWATER ECOSYSTEM LOSS
Estimating the extent of headwater ecosystems lost from MTM-VF begins with defining

where streams begin. The term, headwaters, refers to the springs, seeps, creeks and seasonal and
temporary flows that collectively form the origins of large river networks (see Figure 6).
Headwater streams are formed by leakages that in turn form linkages. Headwaters form where
groundwater breaks through (leaks) to the surface. At the surface, erosional processes create
channels that form small (first order) streams that link groundwater, stormwater, upland and
riparian ecosystems (see Figure 6) (Paybins, 2003; Freeman et al., 2007; Nadeau and Rains,
2007).

Headwater streams are classified as perennial, intermittent, or ephemeral based on the
relative contributions of groundwater and stormwater inputs, the timing and duration of
channelized (surface) flow, the drainage area, the channel’s morphology and the underlying rock
types (Hewlett, 1982). Perennial headwaters flow year-round and are predominantly
groundwater-fed; intermittent streams flow seasonally (winter-spring) when groundwater levels
are elevated; and ephemeral streams receive no groundwater input and flow only in response to
precipitation events (e.g., rainfall, snowmelt) (Johnson et al., 2009).

OSM inventoried valley fills in the Central Appalachian Coalfields to estimate the
number of stream miles lost to mountaintop mining and valley fills, based on a 0.12-km?
(30-acre) minimum watershed size. This study found that in the 17-year period from 1985 to
2001, approximately 1,165 km (724 miles) of headwater streams were permanently buried under
valley fills in West Virginia, Kentucky, Virginia, and Tennessee (U.S. EPA, 2003, 2005). Ina
cumulative impact study, the EPA (U.S. EPA, 2002) reassessed the number of stream miles lost
by including streams that were lost to other mining activities (blasting, backfilling, etc.) in
addition to valley fill footprints. In the revised estimate, 1,944 km (1,208 miles) of streams were
approved to be lost due to valley fills and associated activities from 1992 to 2002 (U.S. EPA,
2003, 2005). This means that more than 2% of the total stream miles and 4% of first- and
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second-order stream miles in the PEIS study area were approved for permanent burial during this
10-year period.

Estimating headwater stream loss in terms of miles of stream impacted in watersheds
above a size threshold is a useful beginning but does not address the loss of other headwater
ecosystems. For example, the estimate does not include the springs, seeps and wet areas that
may occur in places other than the stream channel and in watersheds less than 0.12 km?

(30 acres) in size. Headwater stream burial estimated as the watershed area above the toe of
valley fills on permits approved from 1985 through 2001 is shown in Table 1. The total area
impacted shown here does not include valley fill permits approved prior to 1985 or after 2001.

In a study of 36 first-order streams for which valley fill permits were pending or
approved, Paybins (2003) estimated that the median watershed area for intermittent flows was
0.1 km? (14.5 acres) and the median watershed size for perennial flows was 0.2 km?” (40.8 acres).
The average area of a valley fill shown in Table 1 is 0.3 km®. These data suggest that
intermittent and perennial streams are being buried by valley fills. The relationship of permits to
valley fills is not one-to-one. Multiple permits may refer to the same valley fill, and large valley

fills may cover more than one headwater basin (Paybins, 2003; see Figure 7).

3.2. LOSS OF HEADWATER ECOSYSTEM BIOTA

The biodiversity of the Central Appalachians is of national and even global significance.
The Southern Appalachian and most of the Central Appalachian Mountains were a refuge for
organisms during the last glacial maximum, which ended 10,000 years ago. The area includes
one of the most prominent hot spots for high biodiversity measured as rarity-weighted species
richness identified by NatureServe (see Figure 8). For example, nearly 10% of global
salamander diversity is found within streams of the Southern Appalachian Mountains (Green and
Pauley, 1987).

Evidence relevant to evaluating the loss of headwater ecosystem biota comes from
surveys conducted as part of the PEIS and reports from headwaters in other temperate regions.
We assume that most of the organisms inhabiting these systems are eliminated when the
headwater is buried or blasted during the mining process.

Headwater habitats are spatially and temporally dynamic and support diverse biological
communities (Gomi et al., 2002; Meyer et al., 2007; Clarke et al., 2008). Small—but
biologically significant—differences in light, hydrology, water chemistry, substrate, sediments,
food resources, gradient and precipitation across small streams within the same river network
offer a wide variety of habitats and niches for aquatic and semiaquatic plants, animals and

ecologically beneficial fungi and microbes (Meyer et al., 2007).
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The effects of the loss of headwater biota on regional biodiversity would be expected to
be most severe for taxa that occur only in headwater ecosystems, including intermittent streams
(Morse et al., 1993; Morse et al., 1997; Hakala and Hartman, 2004). Intermittent streams can
support diverse and abundant invertebrate assemblages (Feminella, 1996; Williams, 1996; Stout
and Wallace, 2003). Some taxa inhabit only intermittent or only perennial streams, but many
inhabit both types of streams (Feminella, 1996; Stout and Wallace, 2003; Hakala and Hartman,
2004). Populations of these taxa may be sustained by immigrants from nearby headwaters:
intermittent streams can flow in all seasons in wet years; perennial streams may dry down
seasonally during periods of drought and organisms may move freely between them. Stout and
Wallace (2003) sampled 36 intermittent streams in West Virginia and Kentucky that were
scheduled for burial by MTM-VF and collected approximately 73 genera and 41 families of
aquatic invertebrates, many of which are found in perennial streams as well. In a stream with
only subsurface flows over 70% of its length in summer, Collins et al. (2007) found that
subsurface invertebrate community composition and water chemistry in the intermittent reaches
was comparable to those in reaches with perennial surface flows.

In studies of two Appalachian headwater streams, more than 30 species of diatoms and
more than 40 species of beneficial fungi were recorded (Gulis and Suberkropp, 2004;
Greenwood and Rosemond, 2005). Diatoms and fungi are important food sources for fish and
aquatic insects. In addition, fungi produce enzymes that are essential to the rapid decomposition
of organic matter (e.g., wood and leaf litter). The breakdown of plant matter by fungi and other
microbes make nutrients in difficult-to-digest vegetation accessible to fish and invertebrates
(Gulis et al., 20006).

Headwater streams also support diverse and abundant assemblages of amphibians.
Salamanders are the most common vertebrates in headwaters (Davic and Welsh, 2004). Many
stream salamanders require headwater seeps and intermittent streams in forested habitats to
maintain viable populations (Petranka, 1998; Davic and Welsh, 2004). High levels of genetic
diversity in geographically distinct lineages of the spring-endemic Brownback Salamander
(Eurycea aquatica, Plethodontidae) have recently been described in the Southern Appalachian
Mountains (Timpe et al., 2009). Among the Appalachian plethodontids, species vary in their
preferences for ephemeral, intermittent, or perennial headwaters to the extent that life stage and
taxonomic information could be used to estimate hydroperiod at the collection sites (Johnson
et al., 2009). Many amphibian species are most abundant in intermittent streams, perhaps
because periodic drying offers freedom from predatory fish (Davic and Welsh, 2004).

Some species of salamanders split their lives between forests and headwaters and depend

on a close connection in order to move between the two (Petranka, 1998). Cool, moist soils and
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large woody debris in the forested riparian zones of small streams provide suitable habitat for
salamanders (Petranka, 1998). Forest clearing increases the dispersal distance between the two
ecosystems and is expected to decrease the abundance of salamanders in small streams that
remain at a site (Maggard and Kirk, 1998). Changes to the dendritic structure and terrestrial
connectivity of natural headwater streams also decrease the number of salamander species found
(Grant et al., 2009).

3.3. LOSS OF HEADWATER ECOSYSTEM FUNCTIONS

As with the loss of biota, we assume that all of the ecosystem functions performed by
headwaters are lost when the headwater stream is buried or removed. These functions are lost
not only to the headwater stream itself, but also to ecosystems downstream of the MTM-VF
(discussed in Sections 5 and 6).

Because they are small, the contributions of headwater streams to ecosystem function at
the watershed scale are often overlooked (Meyer and Wallace, 2001; Meyer et al., 2007).
Although it is well known that a stream’s ecological integrity depends on the functioning of its
smallest tributaries, we do not know how to measure the incremental effects of stream loss on
downstream functions.

Nutrient uptake and transformation occurs more rapidly in headwaters, where
slower-moving waters have longer contact times with biologically and chemically reactive
benthic substrates and hyporheic zones® of small, shallow channels (Alexander et al., 2000;
Bernhardt et al., 2005). Peterson et al. (2001) estimated that 50-60% of the inorganic nitrogen
entering a stream is retained or transformed in the headwaters, reducing downstream nutrient
loads by half. This estimate is likely conservative because denitrification, a process that is
known to occur in natural stream channels and riparian zones (Payne, 1981), eliminates nitrogen
as N? gas and is not included in the estimate by Peterson et al. (2001). Riparian buffers have a
central role in nitrogen removal, which is affected not only by buffer width and riparian
vegetation, but also by soil type, subsurface hydrology, chemistry and interstitial biofilm
communities in the riparian-hyporheic zone (Pusch et al., 1998; Mayer et al., 2007).

In addition to purifying water of nutrients, natural headwaters detoxify water of other
contaminants including the metals copper (Cu), zinc (Zn), manganese (Mn), and iron (Fe)
(Schorer and Symader, 1998). In contrast, outflows from filled headwaters typically are net

exporters of toxicants to downstream segments (see Section 4). The loss of natural ecosystem

’Hyporheic zone: the subsurface ecotone below and adjacent to the stream channel, where surface water and ground
water mix and exchange solutes. Much of the streamflow and biogeochemical processing in streams occur
underground. The hyporheic zone also supports a rich variety of aquatic fauna (Boulton et al., 1998).
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function and the export of toxicants act in combination to increase risk to water quality below
MTM-VF.

In their natural state, forested headwaters typically transport little sediment or large
woody debris by fluvial processes and act as sediment reservoirs for periods spanning decades to
centuries (Benda et al., 2005). Substrate and organic debris dams slow the flow of water through
headwaters, creating more contact time for processing organic matter, nutrients, and toxicants
and regulating runoff in normal rain events. Recent evidence indicates that the number and
distribution of small tributaries and the presence of forest cover, are the primary controls of
runoff in high gradient watersheds (McGlynn et al., 2003; McGuire et al., 2005; Laudon et al.,
2007).

Forested headwaters also receive and process large volumes of organic matter from
upland and riparian vegetation (Wipfli et al., 2007). This terrestrial subsidy supports the biomass
of animals, plants and fungi found in headwaters and downstream segments.

Headwaters and associated interstitial habitats provide refugia for macroinvertebrates
during floods or spates and speed the recovery of aquatic communities when flow conditions
improve (Angradi, 1997; Angradi et al., 2001). Headwaters also serve as nurseries and spawning
grounds for amphibians and fish, including the brook trout (Salvelinus fontinalis), the only trout
native to West Virginia. Brook trout live and spawn in headwaters and often are the only fish
present in Appalachian first-order and second-order streams (Hakala and Hartman, 2004). In a
study of one West Virginia watershed, Petty et al. (2005) estimated that >80% of all brook trout
spawning occurred in small streams (<3 km?), including headwaters draining areas less than
0.25 km”.

3.4. CUMULATIVE IMPACTS ON FOREST RESOURCES

The EPA’s (2002) cumulative impact study evaluated ecological condition, biodiversity,
forest loss and forest fragmentation in the Central Appalachian Coalfields. The 48,562 km” of
the study area are dominated by 92% forest cover and contains roughly 95,000 km of streams,
including 67,600 km (71%) of headwater streams. The total mining permit land area estimated
from mine permit geographic information system (GIS) layers obtained from OSM was
1,634 km®*: 1,100 km® in Kentucky, 365 km”in West Virginia, 131 km® in Virginia and 38 km*

in Tennessee.
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3.4.1. Quantity of Forest Habitat Lost to Mountaintop Removal and Mining
Infrastructure

Surface mining deforested 1,540 km® (3.4%) of the study area during the 10 years
between 1992 and 2002. An estimated 5,700 km* (11.5%) of the PEIS study area was projected
to be deforested by 2012, an area 1.4 times the size of the state of Rhode Island. This estimate
does not recognize any reforestation efforts following mining and logging. The estimated
cumulative habitat loss included a 3-fold increase in the area in former headwater stream
watersheds classified in land use/land cover databases as “surface mining/quarries/gravel pits”
(U.S. EPA, 2002).

3.4.2. Quality and Connectivity of Forest Habitat Lost

In its natural condition, the Appalachian landscape is dominated by interior forest. A
decrease in forest cover followed by conversion to grasslands or other land cover has the
potential to shift the fauna of the region from that found in intact, high elevation forests to one
dominated by grassland and edge dwelling species.

Wickham et al. (2007) found that the pattern of deforestation from MTM-VF is
destroying interior forests at a greater rate than would be expected from the overall rate of
deforestation. Because of fragmentation, the area of interior forest lost was 1.75-5.0 times
greater than the direct forest lost between 1992 and 2001. An increase in habitat fragmentation
has the potential to isolate natural populations, reduce population sizes, reduce gene flow,
increase the risk of extirpation or extinction of rare species and increase the rate of invasion by
exotic species, especially plants (Harper et al., 2005; Ewers and Didham, 2006). Fragmentation
of the terrestrial environment due to mining, projected from land cover data in the West Virginia
Gap Analysis Program and the permit rates observed during the 10 years preceding the
publication of the PEIS, indicates

e a40% increase in the number of isolated forest habitat fragments,
e a41% decrease in the average size of habitat fragments from 24.64 to 14.3 acres and,

e a2.7% increase in the amount of edge habitat, caused by fragmentation of interior forests
(U.S. EPA, 2002).

3.4.3. Riparian Habitat Lost

In the West Virginia portion of the study area, the projected loss of riparian habitat from
MTM-VF is 30.72 km?, 3.2% of the baseline. Approximately 42% of these projected losses
occur in headwater (first- and second-order) streams (U.S. EPA, 2002).
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Table 1. Watershed areas above the toe of valley fills approved from 1985 to

2001
Watershed area Description
0.3 km? (71 acres) Average size of watershed above valley fill toe

153 km®> (3,774 acres)  |Largest size watershed above valley fill toe

1,774.4 km® (438,472 acres) |Total watershed area impacted by valley fill construction

Source: EPA (U.S. EPA, 2003, 2005), Section III.
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Figure 6. Headwater types: ephemeral, intermittent and perennial streams.
Hillslopes erode to form ephemeral stream channels (dotted lines) that flow into
intermittent (dashed lines) and perennial (solid line) streams.

Source: Jennings and Harmon (2002).
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Figure 7. Map showing loss of headwater streams to MTM-VF. This diagram
depicts the loss of stream miles and channel complexity that results from
extensive mountaintop mining and valley filling. Blue lines inside valley fill
areas represent buried streams. Note that the actual area of valley fill may exceed
the area permitted for fill and that stream loss based on permit area may
underestimate the full extent of buried streams.

Source: Modified from Shank (2004; Figure 12).

This document is a draft for review purposes only and does not constitute Agency policy.
12/17/09 19 DRAFT—DO NOT CITE OR QUOTE



Ka1jod Aouaby a1n11su0d 10U Ssop pue Ajuo sesodind MaiAad 10) LeUp B SI1uUaWnaop Syl

Rarity-Weighted
Richness Index

. High Source: NatureServe and its Natural Heritage
9 member programs July
Produced by National Geographic Maps and NatureServe
December 2008

Figure 8. Hot spots of rarity-weighted species richness in the United States. The Central Appalachian Mountains,
including the Central Appalachian Coalfields, have been identified as one of the most significant hot spots for
biological diversity in the United States

Source: NatureServe and its Natural Heritage member programs, July 2008 (National Geographic Maps and NatureServe,
2008).
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4. IMPACTS ON WATER QUALITY

In this section, we report the results of a number of studies that have assessed the changes
in the physico-chemical attributes of streams downstream of MTM-VF. Although much of this
information may also apply to constructed channels and other water-containing structures on the
valley fills and the mined site, there are practically no data in the PEIS or the peer-reviewed
literature on these constructed systems. The physico-chemical attributes we review below
include alteration of stream flow, sedimentation of stream substrates, water chemistry, and
sediment chemistry. Alterations of these attributes are the potential causes of the effects
observed downstream of MTM-VF, which are described in Sections 5 and 6 of the report.

4.1. ALTERATION OF FLOW

Four factors may affect stream flow below valley fills. First, trees and other vegetation
are removed from both the mined area and the area of the valley fill, and trees are generally slow
to regrow on the mined area and valley fill. This reduces evapotranspiration rates from the
watershed because transpiration is a function of the active vegetation (Dickens et al., 1989;
Messinger, 2003). Second, the valley fill forms an unconsolidated aquifer in the watershed that
stores a portion of any water that infiltrates into it (Dickens et al., 1989; Wunsch et al., 1999).
This water comes from recharge along the periphery of the spoil body where surface-water
drainage may be caught, from groundwater intercepted from adjacent bedrock aquifers, or from
precipitation falling on the fill. Third, compaction of the fill surface by heavy equipment can
reduce infiltration of precipitation and increase overland runoff (Negley and Eshleman, 2006).
Fourth, when headwater streams are lost (see Section 3), attributes that influence surface flow
(e.g., woody debris, surface water/ground water connections) are also lost.

Valley fills may act like a headwater aquifer and provide a more constant source of flow
during the dry parts of the year. Comparing adjacent mined and unmined watersheds, monthly
mean unit flow was relatively similar between the mined and unmined watersheds when soil and
aquifer moisture levels were at their maximums in late winter and spring (February to May), but
monthly mean flow in the mined watershed was greater than that in the unmined watershed
during summer, autumn and early winter, when soil and aquifer moisture levels were reduced
(Messinger and Paybins, 2003). Wiley et al. (2001) found the 90% duration flows” at sites
below valley fills were 6 to 7 times greater than the 90% duration flows found at unmined sites.

Moreover, daily streamflows from sites below valley fills were generally greater than those in

The 90% duration flow is the streamflow (m*/sec) equaled or exceeded at a site 90% of the time, a measure of the
baseflow.
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unmined watersheds during periods of low streamflow (Wiley et al., 2001). Green et al. (2000)
observed that several of their unmined sites did not have surface flows during the summer and
fall of a year when a drought occurred, but the streams below valley fills continued to have
surface flows.

Storm intensity changes the relative effect of the valley fill on downstream flows.
Intense storms can produce greater stormflows in watersheds with MTM-VF compared to
unmined watersheds, but stormflows associated with precipitation from lower intensity storms
may be ameliorated by valley fills. Messinger and Paybins (2003) found that a mined watershed
had greater peak flows during severe storms than an unmined watershed. Unit peak flow* was
greater in the mined watershed following summer thunderstorms when rainfall intensity
exceeded 2.5 cm/hour (Messinger, 2003). In contrast, unit peak flow was lower in the mined
watershed following low-intensity, long-duration rainfall events—particularly in the winter.

Wiley and Brogan (2003) found that peak discharges after an intense storm were greater
downstream of valley fills than in unmined watersheds. Peak discharges were estimated by
applying the slope-area method’ (Benson and Dalrymple, 1967) to measurements of high water
marks observed after flooding associated with a thunderstorm complex, which resulted in 7.6 to
15 cm of rainfall in southeastern West Virginia over a 5- to 6-hour period. Six sites were
studied; three below valley fills and three in unmined watersheds. At two of the three sites
downstream of valley fills, the estimated peak discharges were equivalent to floods that would
naturally occur only once every 50 to >100 years. Peak discharges at the sites in unmined
watersheds had less severe estimated flood recurrence intervals of 10 to 25 years (Wiley and
Brogan, 2003). Estimates for the third site downstream of a valley fill were more difficult to
interpret, as the peak discharge had an estimated flood recurrence interval of <2 years, much less
severe than the other two mined sites. The differences might be due to differences in rainfall
among the watersheds or differences in mine and valley fill attributes. Comparisons among sites
assume that rainfall was similar among the watersheds, but there were differences among the
sites from unmined watersheds. Moreover, thunderstorms can cause locally variable rainfall,
particularly in mountainous terrains (Barros and Lettenmaier, 1994; Roe, 2005). Also, the third
site was downstream from only a single reclaimed valley fill; there was no active surface mining
in the basin, and the valley fill was larger than those of the other two sites, which both had active

surface mining.

*Unit peak flow is discharge per unit area of watershed, m*/sec/km’.

*With the slope-area method, the maximum flood height is estimated from the physical evidence left by the flooding,
the high water marks. Then the cross-sectional area and wetted perimeter (i.e., the length of the part of the perimeter
of the channel cross-section [stream bed and banks] below the water surface) of the stream channel is measured at
that flood height. The slope of the stream bed is also measured, and Manning’s n, an index of the roughness of the
stream bed, is estimated. The peak discharge is then calculated using these variables.
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4.2. CHANGES IN SEDIMENTATION

All valley fills are built with a sediment retention pond, which is intended to capture sand
and finer-sized particles that are produced by the fragmentation of the overburden and may be
washed downstream from the toe of the valley fill (U.S. EPA, 1979). Despite this, Wiley et al.
(2001), using a modified Wolman (1954) pebble count for the bankfull channel,’® found that the
percentage of particles less than 2 mm (i.e., sand and fines) was elevated in stream reaches
downstream from a valley fill (i.e., median = 60%, interquartile range = 56—65%) when
compared to unmined streams (i.e., median = 24%, interquartile range = 15-34%).

Similarly, Green et al. (2000), using methods from EPA’s Environmental Monitoring and
Assessment Program for the wetted channel’ (Kaufmann and Robison, 1998), found that mean
substrate sizes were less in filled or filled/residential streams compared to unmined streams,
while mean percentage of sand and fines was greater. However, mean substrate sizes were
largest at sites described as being downstream of other types of mining without valley fills (i.e.,
generally older contour mines) (see Table 2).

Hartman et al. (2005) did not find any clear pattern of sediments in a study that compared
pairs of sites using samples taken in December with a scoop sample separated with modified
Wentworth sieves (McMahon et al., 1996) (see Table 3). In two cases, the proportions of sand
and fines were similar; in the fourth case, it was greater in the filled site; and in the third case, it
was greater in the reference site. However, there appears to have been a significant nonmining

disturbance in this last control site, Big Buck Fork.

4.3. CHANGES IN CHEMICAL TRANSPORT AND BASIC WATER QUALITY
PARAMETERS

4.3.1. pH, Matrix Ions and Metals

Almost invariably, coal mining exposes pyrite, a ferric sulfide mineral formed in
association with coal (Caruccio et al., 1977; Altschuler et al., 1983; Casagrande, 1987; Younger,
2004). In the presence of water and oxygen (O,), pyrite is oxidized (i.e., a reaction catalyzed by

autotrophic bacteria) to form the strong acids characteristic of acid mine drainage (Stumm and
Morgan, 1996):

Fe®S, +3.75 0, + 3.5 Hy0 — Fe®(OH); + 2 SO,* + 4 H' (Eq. 1)

%The bankfull channel is the entire channel, which is submerged at bankfull discharge—the point just before the
stream flow begins to spread out onto the stream’s flood plain at high flows. As a result, this approach measures
some substrate that is dry during baseflow, which is when these channel characteristics are usually measured.

"The wetted channel is the portion of the channel that was submerged at the time these channel characteristics were
measured.

This document is a draft for review purposes only and does not constitute Agency policy.
12/17/09 23 DRAFT—DO NOT CITE OR QUOTE



O 00 9 O W A W N =

W W W W W W N N NN N NN N N N e b e e e e e e
wn A W NN = © O 0 9O L A W N = © O 0 3O N B W N —= O

However, in the presence of sufficient carbonate minerals, such as calcite (CaCOs) and
dolomite [CaMg(COs3)], the acidity can be neutralized (Rose and Cravotta, 1998):

2 CaCO; +2H" — 2 Ca®" +2 HCO;~ (Eq. 2)
2 CaMgCO; + 2 H" — Ca>" + Mg®" + 2 HCO;~ (Eq. 3)

The effluent waters from valley fills are generally not acidic and may be somewhat
alkaline (Bryant et al., 2002; Merricks et al., 2007). The pH is generally 7.0 or greater (Bryant
et al., 2002; see Tables 4-3, 4-4, 4-5). The alkaline pH has been attributed to exposure of the
water to carbonate minerals within the valley fill that originate from fragmentation of the
noncoal formations that form the overburden or are added during construction of the valley fill
(Sobek et al., 1978; Banks, 1997; Skousen, 1997). Other methods that may moderate pH include
physically isolating the pyritic materials within the mine or valley fill (Skousen et al., 2000) and
treatment within the sediment retention pond.

Iron forms relatively insoluble compounds, such as Fe(OH);, under more alkaline
conditions and may not be found in elevated concentrations in the effluent waters below valley
fills (Bryant et al., 2002; see Table 4-3). However in some conditions, such as during higher
flows, Fe can remain elevated (Hartman et al., 2005; see Table 4-5).

Most other metals, such as cadmium (Cd), chromium (Cr), Cu, lead (Pb), and Zn,
coprecipitate with or sorb to the iron compounds (Kimball et al., 1995; Lee, 2002; Larsen and
Mann, 2005) and were not found (in one study) at elevated concentrations in the effluent waters
(Bryant et al., 2002; see Table 4). Exceptions to this are Mn and nickel (Ni), which may be
elevated in the effluent waters below valley fills (Bryant et al., 2002; Hartman et al., 2005; see
Tables 4 and 6). Mn may occur in association with siderite (FeCOs) in shales within the
overburden and is more soluble in the more alkaline waters (Larsen and Mann, 2005).
Aluminum (Al) is found primarily associated with clay minerals in soils and is not soluble unless
the pH is less than 4.9 (Nordstrom and Ball, 1986).

Sulfate (SO4%), calcium (Ca®" from calcite-type minerals), magnesium (Mg2+ from
dolomite-type minerals) and bicarbonate (HCO; from both calcite and dolomite), which are
formed in the above reactions (see Eq. 1-3), are commonly present at elevated concentrations in
the effluent waters (Bryant et al., 2002; Hartman et al., 2005). In addition, other water-soluble
compounds within coal or overburden may be solubilized by the above reactions or just by the
increased exposure to water in the fragmented overburden (Yudovich and Ketris, 2006; Vesper

et al., 2008). These ions, including Se, K", Na', and CI” may occur at elevated concentrations in
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the effluent waters (see Tables 4 and 6). All these ions are components of the elevated specific
conductivity, a measure of the stream’s ability to conduct an electrical current, which reflects the
concentration of dissolved ions in the water (measured in units of microSiemens per cm, uS/cm),
and TDS observed in these waters (Green et al., 2000; Howard et al., 2001; Bryant et al., 2002;
Bodkin, 2007; Merricks et al., 2007; Pond et al., 2008; see Tables 4—7). Hardness is another
measure of these dissolved ions—particularly the divalent ones like Ca®" and Mg*".

Most studies have not assessed the seasonal variability of water chemistry at these sites,
but Green et al. (2000) present seasonal data for five consecutive seasons from 1999 to 2000.
There appears to be little seasonal pattern to pH, but mean conductivities were greatest in all four
watershed types during the summer sampling period, possibly because of seasonally reduced
discharges (see Table 8). In particular, mean conductivity exceeded 1,000 uS/cm in streams in
filled and filled/residential watersheds during the summer sampling period. In all seasons,
conductivities at reference sites in unmined watersheds were an order of magnitude (10 times)
lower than at sites in filled and filled/residential watersheds (see Table 8). Pond et al. (2008)

observed conductivities up to 2,540 uS/cm in streams from mined watersheds.

4.3.2. Water Temperature

Valley fills reduce the annual variation in water temperature. Comparing mean daily
water temperatures between an unnamed tributary of Ballard Fork near Mud, West Virginia; a
stream downstream from a valley fill; and a reference site, Spring Branch near Mud, West
Virginia; Wiley et al. (2001) found that mean stream temperatures were warmer downstream of
the valley fill during the autumn, winter and spring, with the greatest difference being in
February. In the summer, the mean stream temperatures downstream from the valley fill were
cooler than those in the reference site. Moreover, the range of variation both annually and within
different seasons was less downstream from the valley fill. The minimum and maximum
temperatures downstream of the valley fill were 3.3°C and 16.5°C, respectively, while those in

the reference stream were below 0°C and 20.0°C.

4.3.3. Nutrients

Bryant et al. (2002) found generally low median concentrations of nitrate (NO?) plus
nitrogen dioxide (NO?) in streams from unmined watersheds and below valley fills, with some
samples having concentrations less than the detection limit of 0.10 mg/L. However, the mean
concentration of NOs plus NO, was slightly greater in the streams below valley fills (Pond et al.,
2008), and a maximum concentration of 17 mg/L was observed. Bryant et al. (2002) speculated

that this could be caused by use of nitrogen-containing explosives at these sites or by spreading
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nitrogen containing fertilizers during reclamation. Phosphorus (P) was not detected in any
samples with a detection limit of 0.10 mg/L (Pond et al., 2008).

4.3.4. Dissolved Oxygen

In the studies that have measured dissolved oxygen (DO), concentrations in unmined
streams and streams in either mined and valley fill streams have been reasonably high and
similar among the different types of watersheds (see Tables 5 and 6; Green et al., 2000; Howard
et al., 2001; Bryant et al., 2002; Hartman et al., 2005). Published concentrations range from 6.5
to 13.0 mg/L. However, no studies have looked at diurnal variation of dissolved oxygen in these

streams.

4.4. CHANGES IN SEDIMENT CHEMISTRY

Data on sediment chemistry downstream of valley fills are limited to a study by Merricks
et al. (2007). They sampled three to six stations at 100- to 150-m intervals in each of three
streams downstream from sedimentation ponds below valley fills in West Virginia and a single
reference site (see Table 9).

Sediment concentrations were generally greater at one stream, Lavender Fork, which was
downstream from a reclaimed, 6-year old valley fill and that also had the greatest measured
stream water conductivities. Sediment concentrations also generally decreased with increasing

distance below the sedimentation ponds.

4.5. CUMULATIVE IMPACTS

In terms of downstream water chemistry, the primary cumulative impact of MTM-VF or
at least the mining of coal by different methods in the region affected by MTM-VF has been
elevated concentrations of SO4*~ and conductivity. In larger streams of the Kanawha basin,
Paybins et al. (2000) found that one-fourth of all water samples exceeded a SO,>~ concentration
of 250 mg/L and 70% of the water samples collected downstream of coal mines exceeded a
regional background concentration of 21 mg/L that was calculated from data for basins with no
history of coal mining. Moreover, the median concentration of SO4” had increased by 1.6 times
in these streams between 1980 and 1998, and conductivity had increased by 1.2 times (Paybins
et al., 2000). SO4* and some of the other ions contributing to conductivity are conservative ions
in water, meaning that there are no chemical or biological processes removing ions from or
adding ions to the waters. Therefore, any changes in SO,>~ concentrations are the outcome of
mixing of waters with differing SO4*~ concentrations (Cooper, 2000). Therefore, the increased
SO427 and conductivity are associated with increased sources of water with elevated SO427 and
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conductivity within the Kanawha basin. Because other land disturbances, such as residential
development, are not origins of elevated SO,*~ and conductivity, MTM-VF appear to be these
sources.

Conversely, while total Fe, total Mn and total Al in many larger streams within mined
basins exceeded regional background concentrations of 129 pg/L, 81 pg/L, and 23 pg/L,
respectively, the median concentrations of total Fe and total Mn had decreased between 1980 and
1998 by approximately one-third and one-half, respectively, and pH had increased (Paybins
et al., 2000). As discussed previously, these metals are not as soluble under more alkaline
conditions, and their decrease may reflect the increase in pH associated with the increased
sources of alkaline water within the Kanawha basin, the valley fills.

In the absence of other direct evidence on the cumulative effects of the changes in water
chemistry associated with MTM-VF on downstream water quality, it should be noted that
headwater streams, such as those affected by MTM-VF, have a large influence on downstream
water quality. Alexander et al. (2007) found that 1¥-order, headwater streams contributed 70%
of the mean annual water volume in 2"%-order streams and 55% of the volume in higher-order
rivers. For nitrogen, a nutrient that is not conservative like the ions associated with MTM-VF,
these 1°-order streams contributed 65% of the flux in 2"-order streams and 40% of the flux in
higher-order rivers (Alexander et al., 2007).

In terms of sediment contaminants, Paybins et al. (2000) found significant concentrations
of polycyclic aromatic hydrocarbons (PAH) at several stations within the Kanawha River basin
(see Table 10). However, most of these PAHs appear to be constituents of particles of coal that
occur in sediments because of the extensive coal mining and transport of coal in the region.
Downing-Kunz et al. (2005) found sediment concentrations of coal ranging from 1 to 53 g/kg in
streams draining more southern parts of the Central Appalachian Coalfields in Kentucky. PAHs
are a natural component of coal (Chapman et al., 1996; Paybins et al., 2000), but these PAHs are
unlikely to be bioavailable to benthic invertebrates or fish (Carlson et al., 1979; Ahrens and
Morrissey, 2005; Yang et al., 2008). Arsenic (As) and metals were also detected in sediments
(see Table 10) of the Kanawha River. However, the source of these sediment contaminants is

less clear.
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Table 2. Substrate measures

Filled/ Other
Substrate measure: Unmined Filled residential mined
mean (standard deviation) (n=9) (n=15) (n=26) (n=4)
Mean substrate size class (unitless) 3.7 (0.3) 3.5(0.5) 3.6 (0.8) 4.0 (0.3)
Calculated mean substrate size 53 38 42 109
(diameter in mm)
% <2 mm diameter (sand & fines) 16.9 (9.9) | 20.7(12.9) | 29.7 (24.1) 8.0 (9.2)

Source: Green et al. (2000).

Table 3. Proportion of sediments that were sand and fines (mean [standard

error]) in paired sites

Site names (reference/impaired) Reference Filled

W. Br. Atkins Creek/E. Br. Atkins Creek 0.35 (0.00) 0.46 (0.10)
Big Buck Fork/Hill Fork 0.78 (0.03) 0.50 (0.06)
Bend Branch/Rockhouse Creek 0.25 (0.07) 0.23 (0.02)
N. Br. Sugar Tree Creek/S. Br. Sugar Tree Creek 0.27 (0.02) 0.50 (0.04)

Source: Hartman et al. (2005).

This document is a draft for review purposes only and does not constitute Agency policy.

12/17/09

28

DRAFT—DO NOT CITE OR QUOTE




60/L1/C1

6¢C
Ka1jod Aouaby a1n11su0d 10U Ssop pue Ajuo sesodind MaiAad 10) LeUp B SI1uUaWnaop Syl

4L0N0 YO LD LON Od :1AvVid

Table 4. Water quality variables in unmined streams versus streams below valley fills

Unmined Filled Detection
Variable Median Mean Range Median Mean Range limit
SO,* 12.6 16.0 11.0-21.6 523 696 155-1,520 5.0
Ca, total* 4.88 7.50 2.70-12.0 104 138 38.0-269 0.10
Mg, total* 4.10 4.30 2.30-7.00 86.7 122 28.0-248 0.50
Hardness* 29.1 42.0 17.0-72.0 617 801 225-1,620 3.3
TDS* 50.5 --- --- 847 --- --- 5.0
Mn, total <0.005 0.034 <0.005-0.083 0.044 0.14 0.009-9.0 0.010
Conductivity (uS/cm)* 66.4 62.0 34.0-133 585 1,020 159-2,540 ---
HCO;* --- 20.9 6.10-35.0 --- 183 10.7-502 NA
Se, total* <0.0015 <0.0015 <0.0015 0.012 0.011 <0.0015-0.037 0.003
Alkalinity 20.0 --- 150 --- --- 5.0
K, total* 1.58 1.60 1.30-2.00 8.07 9.90 3.00-19.0 0.75
Na, total* 1.43 2.40 0.70-5.50 4.46 12.6 2.60-39.0 0.50
Mn, dissolved <0.005 0.021 <0.005-0.055 0.044 0.11 0.0065-0.85 0.01
CI* <2.5 2.8 <2.54.0 4.5 4.6 <2.5-11 5.0
Acidity 2.5 --- --- 4.2 --- --- 2.0
Ni, total --- <0.010 <0.010 --- 0.014 <0.010-0.059 0.02
NO3/NO,* 0.81 0.40 <0.10-0.90 0.95 3.4 0.80-17 0.10
pH (standard)* 6.8 7.1 6.1-8.3 7.8 7.9 6.3-8.9 -
Acidity, hot <2.5 - - <2.5 - - 5.0
Al, dissolved <0.050 0.093 <0.050-0.19 <0.050 0.096 <0.050-0.27 0.10
Sb, total <0.0025 --- --- <0.0025 --- --- 0.005
As, total <0.001 --- --- <0.001 --- --- 0.002
Be, total <0.0005 --- --- <0.0005 --- --- 0.001
Cd, total <0.0005 --- --- <0.0005 --- --- 0.001
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Table 4. Water quality variables in unmined streams versus streams below valley fills (continued)

Unmined Filled Detection

Variable Median Mean Range Median Mean Range limit
Cr, total <0.0025 --- <0.0025 --- --- 0.005
Co, total <0.0025 --- --- <0.0025 --- --- 0.005
Cu, total <0.0025 0.0029 <0.0025-0.005 <0.0025 0.0026 <0.0025-0.0034 0.005
Pb, total <0.001 0.0012 <0.0010-0.0021 <0.001 0.0012 <0.0010-0.0040 0.002
Hg, total <0.0001 --- --- <0.0001 --- --- 0.0002
Total organic carbon 1.4 - - 1.4 - - 1.0
P, total <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 0.10
Au, total <0.005 --- --- <0.005 --- --- 0.01
Th, total <0.001 --- --- <0.001 --- --- 0.002
V, total <0.005 --- --- <0.005 --- --- 0.01
Ba, total 0.029 0.040 0.015-0.072 0.025 0.041 0.022-0.068 0.020
Dissolved oxygen 13.6 --- - 11.0 - --- ---
Dissolved organic carbon 2.45 --- --- 1.95 - -—- 1.00
Total suspended solids 5.75 -—- - 4.25 -—- -—- 5.00
Fe, total 0.42 0.18 0.065-0.47 0.19 0.28 0.066-0.65 0.10
Fe, dissolved 0.22 0.074 <0.050-0.19 0.10 0.092 <0.050-0.28 0.10
Zn, total 0.0060 0.010 0.0033-0.023 <0.0025 0.0091 <0.0025-0.027 0.005
Al total 0.15 <0.10 0.10

Units are mg/L, unless indicated otherwise. The table shows median, mean and range of concentrations for various water quality variables in unmined streams
versus streams below valley fills from a data set reported on by Bryant et al. (2002) (median, 9 unmined sites and 21 filled sites, each sampled about six times
from August 2000 to February 2001) and Pond et al. (2008) (mean and range for a subset that also had biological data, 7 unmined sites and 13 filled sites, except
for pH and conductivity, which were measured at 10 unmined sites and 27 filled sites). If a concentration was less than the detection limit, the value is shown as
<Ys the detection limit. A “---“ under median, mean, or range indicates that this variable was not reported in the indicated report. A “---“ under detection limit
indicates that there was no detection limit for that variable. A “NA” under detection limit indicates that no detection limit was reported for a variable only
reported by Pond et al. (2008). An asterisk next to the variable name indicates that the mean concentration in streams below valley fills was statistically
significantly greater than that in unmined streams at p = 0.05. A complete description of the analyses is found in Bryant et al. (2002).

Hg = mercury; Sb = antimony; Be = beryllium; Co = cobalt; Au = gold; Th = thorium; V = vanadium; Ba = barium.

Sources: Bryant et al. (2002)(median) and Pond et al. (2008).
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Table 5. Water quality parameters for unmined or reference streams or streams downstream from mined,
filled, or filled and residential watersheds in West Virginia

Green et al. (2000)

Merricks et al. (2007)

Hartman et al. (2005)

X Filled/
Variable Unmined Filled residential Mined Reference Filled Reference Filled
Conductivity 58-140 643-1,232 538-1,124 172-385 247 + 87 923 + 380— 476 £2.4— 502.0 + 98.4—
(uS/cm) 59 (38—178) | 850 (159-2,500) | 843 (155-1,532) | 187 (90-618) 2,720 =929 259.7+30.6 1,479.0+110.6
pH (standard) 7.1-7.5 7.1-7.9 7.1-8.3 6.7-8.4 72+0.36 7.93+£0.18- 6.5+0.6— 72+0.6—
7.5(5.7-9.4) 7.7 (5.9-8.5) 8.0 (6.4-8.7) 7.4 (6.0-8.7) 8.37+0.47 7.0+04 75+1.0
Dissolved O, 6.5-13.3 7.5-13.0 8.5-14.0 8.7-12.7 --- 8.5+0.8- 9.1+ 1.0-
(mg/L) 10.9 (5.6-15.2)| 10.0 (5.8-14.5) 9.4 (7.3-16.1) | 10.2 (7.4-14.5) 13.4+04 13.0+£0.6
Hardness --- --- - --- 86+ 20 544 £ 226— --- ---
(mg/L) 1,904 + 596

Sources: Green et al. (2000) (range of means among seasons, overall mean, overall range), Merricks et al. (2007) (range of means and standard deviations) and
Hartman et al. (2005) (range of means and standard deviations).
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Table 6. Alkalinity, pH and metals in control streams and streams
downstream from filled watersheds in West Virginia

Reference Filled
Parameter Mean Range Mean Range
Alkalinity* 12.8 0.400-46.8 163 16.2-319
pH (standard) 7.2 6.7-7.7 7.7 6.9-8.2
Na* 2.9 0.80-3.1 10 3.9-22
K* 33 1.5-5.1 10 1.8-14
Mg* 23 2.2-52 86 4.9-130
Ca* 37 2.6-67 130 5.9-200
Cu* 0.00080 0.00020-0.0019 0.0012 0.00050-0.0018
Ni* 0.0076 <0.00030-0.018 0.025 <0.00030-0.051
Zn 0.0027 0.0014-0.0047 0.0028 0.00090-0.0086
Mn* 0.019 0.0016-0.046 0.062 0.0020-0.17
Al 0.012 0.0090-0.019 0.019 0.00090-0.064
Fe* 0.016 0.0014-0.030 0.047 <0.00050-0.082

Units are mg/L, unless indicated otherwise. If the concentration was less than the detection limit, the value is shown

as < the detection limit. An asterisk marks those measures where the fill streams were statistically significantly
greater (P < 0.05) than the reference streams.

Source: Hartman et al. (2005).

Table 7. Dissolved oxygen, pH and conductivity for sites in eastern Kentucky

Parameter Reference (n =4) Filled (n = 8)
Dissolved oxygen (mg/L) 9.1-9.6 8.4-9.7
pH (standard) 7.1-7.4 7.2-8.2
Conductivity (uS/cm) 30-66 420-1,690

Values are the range.

Source: Howard et al. (2001).
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Table 8. Seasonal mean (standard deviation) of conductivity (uS/cm) for the

four classes of streams

Season Unmined Filled Filled/residential Mined
Spring 1999 64 (19)n=9 946 (614)n=15 |652(237)n=6 172 (90)n=4
Summer 1999 140 (54)n=2 1,232 (643) n=15|1,124 (282)n=6 [385(202)n=3
Autumn 1999 |91 (59)n=2 958 (430)n=14 [984 (221)n=6 260 n=1
Winter 2000 73(29)n=9 836 (425)n=14 |844(173)n=6 254 (171)n=3
Spring 2000 58(28)n=10 643 (382)n=15 [438(249)n=6 192 (155)n=>5

The number of sites (n) analyzed is also given.

Source: Green et al. (2000).

Table 9. Range of sediment concentrations of metals and arsenic (mg/kg) in
streams downstream from the sedimentation ponds below valley fills in 2002
and 2004 and from a reference site in 2002

Downstream from Downstream from

Reference—2002 valley fill—2002 valley fill—2004
Metal or arsenic (n=1) (n=11) (n=18)
Al 11 9-20 2-28
As - - 0.015-0.070
Cd -—- - 0.005-0.015
Cu 0.018 0.012-0.122 -
Fe 51 49-158 10-151
Hg --- - 0.006-0.015
Mn 1.4 1.6-17 1.041
Se --- - 0.001-0.011
Zn -—- - 0.1-2.5

The reference site was only sampled in 2002, and the analytes measured differed between the 2 years. The

unmeasured analytes
Hg = mercury.

are indicated by ---.

Source: Merricks et al. (2007).
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Table 10. Polycyclic aromatic hydrocarbons, arsenic and metals detected in
sediments of larger streams in the Kanawha Basin

Chemical and units of

Number of detects/number

concentration of samples Range of detections
benz[a]anthracene (pg/kg) 12/13 5-800
dibenz[a,h]anthracene (ug /kg) 4/13 40-200
2,6-dimethylnaphthalene (ng/kg) 10/13 50-500
fluoranthene (ug/kg) 13/13 30-1,100
fluorene (pg/kg) 7/13 60-300
naphthalene (pg/kg) 9/13 3-700
phenanthrene (pg/kg) 13/13 9-900
As (mg/kg) 13/13 4-20
Cr (mg/kg) 13/13 60-110
Pb (mg/kg) 13/13 20-50
Ni (mg/kg) 13/13 50-100
Zn (mg/kg) 13/13 200-600

Source: Paybins et al. (2000).
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5. TOXICITY TESTS

In this section, we report on results of toxicity tests relevant to evaluating water quality
downstream of MTM-VF. Toxicity tests expose organisms under laboratory conditions to
ambient media (i.e., water or sediment samples), whole effluents, reconstituted effluents, or
specific effluent constituents. Toxicity tests are valued because they can reflect the mixture as a
whole, including antagonistic and synergistic effects. They also help distinguish the effects of
water quality from other stressors (e.g., habitat quality, flow regime changes, temperature).
Toxicity tests have been used as the basis for deriving water quality criteria and permitting
industrial and waste water effluents.

The most common standard toxicity tests used to evaluate the effects of effluents measure
the survival of the crustacean Ceriodaphnia dubia after 48 hours of exposure and the survival of
fathead minnows (Pimephales promelas) after 96 hours of exposure. Both of these tests have
limitations for evaluating MTM-VF effects: neither Ceriodaphnia dubia nor Pimephales
promelas are native to the streams of the study area, and the standard test durations are much
shorter than the exposures experienced by organisms downstream of MTM-VF operations.

There are likely more sensitive responses than death. In particular, because ions are so
influential in regulating membrane permeability during fertilization and egg development, effects
on reproduction would be expected (Zotin, 1958; Ketola et al., 1988). Still, the standard survival
tests provide a useful benchmark for understanding toxic potential. Other tests, which are more
difficult and time consuming to run, can be used to extrapolate short-term tests on survival to

longer-term exposures, sublethal responses and other species.

5.1. TOXICITY TESTS ON WATER COLUMN AND SEDIMENTS DOWNSTREAM
OF MTM-VF

Only one study (Merricks et al., 2007) tested media downstream of MTM-VF within the
study area. Water and sediment collected from some, but not all, sites downstream of valley fills
produced significant toxicity in laboratory organisms.

Water was tested using Ceriodaphnia dubia. Results were reported as the percent
dilution that killed one-half of the test organisms over 48 hours (48-hour LC50). Three streams
were tested. The frequency of toxicity was highest in Lavender Fork; undiluted water from three
of the eight sites killed 50% or more of the test organisms. Lavender Fork also had the highest
specific conductivity levels; the undiluted water at the three toxic sites averaged 3,050, 2,497,
and 2,657 uS/cm. Specific conductivity measurements were available for two of the five sites

from Lavender Fork that did not result in 50% or greater mortality; specific conductivity
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measurements (2,720 and 2,667 uS/cm) were comparable to the toxic sites. Only 1 of 20 sites
from the other two streams was sufficiently toxic to kill 50% or more of the test organisms.
Specific conductivity measurements in these streams ranged from 923 to 1,643 uS/cm. There
was no obvious relationship between toxicity and water column measurements of trace metals
(e.g., Al, Fe, Mn, Zn, and Se).

Merricks et al. (2007) also conducted toxicity tests on sediments with another crustacean
Daphnia magna. The organisms were exposed to sediments for 10 days; results were reported as
percent survival and reproduction. Sediments from two of eight sites on Lavender Fork
significantly reduced survival or reproduction of Daphnia magna. Sediments from 3 of 19 sites
on the other two tested streams produced reduced survival or reproduction. Of the three streams,
Lavender Fork generally had the highest concentrations of trace metals in sediments (i.e., Al, Fe,
Cu, Cd, mercury (Hg), Se, As, Mn, and Zn). Concentrations of major ions or other chemicals
were not measured. Because of the way the sediment chemistry results were grouped for
summary, it is difficult to quantitatively relate them to the toxicity test results.

Asian clams (Corbicula fluminea) were deployed at monitoring stations (Merricks et al.,
2007). Growth was significantly greater below the ponds and decreased downstream, indicating
that the ponds increased the food available to the clams. Significant mortality was observed at 1
of 16 test sites. The authors attributed the mortality to Al and Cu, which had been detected in a

previous, unpublished study at water concentrations of 223 and 7.6 ug/L, respectively.

5.2. TOXICITY TESTS ON WATER FROM OTHER ALKALINE COAL MINING
EFFLUENTS

In a series of studies, Kennedy et al. tested the toxicity of a mining effluent from Ohio
using Ceriodaphnia dubia and the mayfly Isonychia bicolor (Kennedy et al., 2003, 2004, 2005).
The effluent originated from a surface mine, an underground coal mine and a preparation facility.
Discharges from the underground mine and preparation facility were treated in a settling pond to
neutralize pH and reduce Mn, resulting in an effluent with high SO,*~, Na*, and CI”
concentrations and a mean hardness of 770 mg/L as CaCOs. Toxicity tests using Ceriodaphnia
dubia were conducted following EPA protocols and used moderately hard reconstituted water
(MHRW)® to dilute the effluent. Survival of Ceriodaphnia dubia in 48-hour tests significantly
decreased relative to controls at a mean specific conductivity of 6,040 uS/cm (Kennedy et al.,
2003). Decreased survival in 7-day tests was observed at a mean specific conductivity of

4,730 uS/cm. Decreased reproduction in 7-day tests was observed at a mean conductivity of

*Moderately hard reconstituted water (MHRW) was used as diluent in this study and many of the other studies
discussed in section. MHRW has low chloride concentrations (mean of 1.9) and a Ca:Mg molar ratio of 0.88;
hardness ranges from 80—-100 mg/L as CaCOs; (Smith et al., 1997).
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3,254 uS/cm, about 1.9 times lower than the 48-hour results for survival (Kennedy et al., 2005).
Tests on simulated effluent made using only the major ions (i.e., no heavy metals) agreed well
with the whole effluent, providing evidence that the toxicity was caused by the ions, rather than
an unmeasured toxicant (Kennedy et al., 2005).

The same field-collected effluent was tested with a nonstandard test species, the mayfly
Isonychia bicolor (Kennedy et al., 2004) in 7-day tests. In these tests, water from an unpolluted
reference stream was filtered and used as dilution water for the tests. Toxicity was greater at the
warmer temperature tested (20°C vs. 15°C); those results are reported here. Survival of
Isonychia significantly decreased relative to controls at specific conductivities of 1,562, 966, and
987 uS/cm for three tests. These conductivities are about 3 times lower than those that reduced
Ceriodaphnia reproduction in 7-day tests using the same dilution water but a higher temperature
of 25°C.

Chapman et al. (2000) tested a high sulfate alkaline coal mine effluent from Alaska in
10-day tests using the insect Chironomus tentans. No effects on chironomid survival were
found, but dry weight was reduced approximately 45% in synthetic effluent (2,089 TDS/L). The
researchers also tested the effects of synthetic effluent on rainbow trout using two exposures:
eggs were exposed for 4 days starting immediately after fertilization, and swim-up fry were
exposed for 7 days. No adverse 