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Assessing causes of biological impairment to an
unnamed tributary in the Hall Fork Watershed:
Kentucky

By Brian Dailey and Wesley Smith

Executive Summary

The intent of this causal assessment is to analyze suspected biological impairment below a Title V
underground mine discharge in an unnamed tributary to Hall Fork. The discharge originates from an
underground mine wet seal draining workings in the Elkhorn 2 coal seam. The study reach is in Floyd
County, Kentucky east of the unincorporated community of McDowell. Candidate causes for the suspected
biological impairment to the study reach were developed through personal communications with OSM
Reclamation Specialists in February 2017 and research into the historical resource extraction and
development of the area. Field samples of physical, chemical and biological attributes were collected from
the study reach and two control stream reaches in April 2017. The attributes were analyzed across the
study and control reaches and compared to reference reaches in the Mountains bioregion of Kentucky. An
epidemiological approach was utilized to weight the evidence and analyze the effect of each candidate
cause on the aquatic macroinvertebrate community of the study reach. The evidence was organized in
matrix format, by six characteristics of causation, based on the body of evidence including field
observations, literature review, existing guidance and regulation, and reference reach data. Overall, this
report finds that the aquatic macroinvertebrate community of the study reach is impaired by the
cumulative effect of multiple individual stressors including elevated ionic strength and an ochre colored
mineral deposition, resulting from groundwater interaction within the Elkhorn 2 seam underground mine
workings. This conclusion was determined by tabulating the scores for each characteristic of causation in
the matrix.

Suspected Biological Impairment

Suspected biological impairment was identified downstream of a Surface Mining Control and Reclamation
Act Title V (hereinafter Title V) underground mine discharge on March 17, 2015 and subsequently observed
on February 2, 2017. Field observations on February 2, 2017 to support the suspected biological
impairment include elevated specific conductance levels (>775 uS/cm) and an ochre colored mineral
deposition coating the entire streambed downstream of an instream pond constructed to receive drainage
from the Title V underground mine. The mineral deposition may be a physical cause of impairment that is
smothering organisms and their benthic habitat (U.S. EPA, 2010a). The elevated specific conductance is
greater than the aquatic life benchmark of 300 uS/cm recommended for conductivity in central
Appalachian streams (U.S. EPA, 2011a) and may be adversely affecting the aquatic macroinvertebrate
community. Although this report is limited to assessing biological impairment of an unnamed tributary to
Hall Fork, OSM staff have observed ochre colored mineral deposition outside the permit boundary of
numerous Title V permits in the Eastern Kentucky Coal Fields. This study was intended to assess the effects
of mineral deposition to better understand the biological impacts at this and similar sites.
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Assessment Objective

Determine whether discharge from a Title V underground mine is causing adverse effects to the
downstream aquatic macroinvertebrate community in an unnamed tributary to Hall Fork in Floyd County,
Kentucky.

Geographic Scope and Geology

General Study Area

Figure 1 shows the field sampling locations of: 2017_KY_Study Reach, hereinafter Study Reach;
2017_KY_Control_A, hereinafter Control A; and 2017_KY_Control_B, hereinafter Control B*. The Study
Reach and Control B are in Floyd County, Kentucky east of the unincorporated community of McDowell.
Access to the Study Reach and Control B is off State Route 680 near East McDowell, KY on an unmarked
gravel road south of the east bound lane. Access to Control A is in Floyd County, Kentucky off State Route
979.

Legend 0 50 100
L L 1

[ | Western Kentucky Coal Field
Eastern Kentucky Coal Field
@ Study Area

Floyd County

d

Legend 0 5 10 20 Miles
I Y |

@ Unnamed Tributary to Hall Fork Watershed
¢ Left Fork Rocky Branch Watershed

Source: USGS 7.5 Minute Topographic Map, McDowell Quadrangle {1992).
Credit: Wesley Smith, 0SM, wsmith@osmre_ gov, July 29, 2020_

Figure 1. Field sampling locations shown on McDowell USGS 7.5 Minute Topographic Quadrangle.
Delineation of watersheds shown in shaded area. Approximate latitude and longitude of sample locations:
Control A =37.43832,-82.67194; Control B =37.44771, -82.69803; Study Reach = 37.44905, -82.70001

1 Standard naming convention used in this study to organize field sample data: Year_State_ Reach.
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Kentucky Bioregion

The study area is located in Eastern Kentucky within the Mountains bioregion (Figure 2), which roughly
corresponds with the Central Appalachians Level lll Ecoregion of Omernik (1987). (Pond & McMurray,
2002). The Mountains bioregion includes all river systems (Big Sandy, Cumberland, Kentucky, Licking, Little
Sandy and minor tributaries of the Ohio River) within the boundaries of the Western Allegheny Plateau
ecoregion (70) and Central and Southwestern Appalachian ecoregions (69 and 68) (Omernik, 1987).
Portions of the Central and Southwestern Appalachian ecoregions that are within the Cumberland River
system and upstream of Cumberland Falls are categorized as a separate bioregion with respect to fish,
Cumberland Above the Falls (CA) (Woods, 2002). Figure 2 shows the location of all sampled and reference
reaches evaluated in this study.
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Credit: Brian Dailey, OSM, bdailey@osmre.gov, July 29, 2020

Figure 2. Sample and reference reach locations. Panel A shows general locations of reference and sampled
reaches within the state of Kentucky. Panel B inset shows sample and reference reaches within the
Mountains bioregion of Kentucky.
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Hydrology

In eastern Kentucky, water is transported primarily by the stress relief fracture system. As the weight of
overlying rock is removed through weathering and erosion, upward arching of rocks occurs. This results in
vertical and horizontal fracturing, thereby creating secondary permeability (Figure 3). This system of
interconnected fractures represents the most transmissive part of the aquifer (Ferguson, 1974; Wyrick G.G.,
1981). Water quickly infiltrates into these near-surface fractures, where it flows vertically and laterally
emanating as seeps (Hawkins J.W., 1996). A study of the stress relief fracture system by Kipp and Dinger
(1987) in the eastern Kentucky coalfields found fractures were most concentrated within 50 feet of the land
surface, but that weathered fractures existed to depths of 80 feet (Kipp, 1987).

Compression Fractures

Alluvium

Figure 3. Schematic of the Stress Relief Fracture System (after Ferguson, 1974); from Wyrick and Borchers,
1981.
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Watershed Geology and Mining History

Geology

The geology of the unnamed tributary to Hall Fork (Study Reach and Control B) and the Left Fork Rocky
Branch (Control A) is very similar. The two watersheds are approximately 3500 feet apart and are both

shown on the McDowell Geologic Quadrangle map. The Taylor, Fireclay, Elkhorn 3, Elkhorn 2 and Elkhorn 1

coal seams are shown to crop out within both watersheds. Figure 4 shows the stratigraphic sequence

within the watersheds belong to the Four Corners, Hyden, and Pikeville Formations, all of the Breathitt

Group, which is Middle Pennsylvanian in age. The strata consist of sandstone, siltstone, shale and coal. The

McDowell Geologic Quadrangle indicates that the regional dip of the strata is toward the northwest.

In order to identify areas which had been
mined, a search of State File Number (SFN)
maps was performed using KYDNR
electronic and GIS database. SFNs are
assigned by the Kentucky Division of Mine
Safety and identify areas where coal has
been removed. The SFN maps indicate that
the Fireclay, Elkhorn 3, Elkhorn 2 and
Elkhorn 1 coal seams have been mined in
both watersheds. The Elkhorn 3 % coal was
mined in the Left Fork Rocky Branch but is
not shown to be mined in the unnamed
tributary to Hall Fork. The Elkhorn 3 % is
approximately 30 feet above the Elkhorn 3
and is an upper split in the Elkhorn 3 coal
zone. Due to its limited extent, it is not
shown on Figure 4. The Fireclay coal seam

has been surface mined in both watersheds.

Underground mining of several seams has
occurred in both watersheds.
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Figure 4. Eastern Kentucky Coal Stratigraphy (Eble C., 1995).
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Mining History

Unnamed Tributary to Hall Fork Watershed (Study Reach and Control B)

Within the unnamed tributary to Hall Fork, the Fireclay coal seam has been surface mined and the Elkhorn
3, Elkhorn 2 and Elkhorn 1 seams have been underground mined (Figure 5). Mining within the unnamed
tributary to Hall Fork is documented on mine maps dated as early as 1968. Approximately 12.2 acres of
Fireclay coal was surface mined in the watershed. Historic aerial imagery indicates that the surface mining
occurred between 1979 and 1983 (Figure 33 in Appendix B). A small hollowfill in the headwaters of the
unnamed tributary to Hall Fork can be seen on aerial photography dated 1985. Approximately 44.7 acres,
51.5 acres and 1.8 acres of the Elkhorn 3, Elkhorn 2 and Elkhorn 1 coal seams were underground mined in
the watershed, respectively. This is the mined acreage in or underlying this watershed only; some of the
mines are much larger and extend into other watersheds. The observed mineral deposition in the
watershed originates from a Title V underground mine wet seal, which drains works in the Elkhorn 2 coal
seam. An in-stream pond located near the mouth of the watershed, hereinafter referred to as Pond X,
receives drainage from two wet seals, both draining mine works in the Elkhorn 2 coal seam, as well as water
from upstream portions of the watershed which were not disturbed by the Title V permit.

Mining in the Unnamed Tributary to Hall Fork Watershed

14

Title V g
Instream Pond &§

Study Reach
Sampling Site

Title V Underground Mine
Wet Seal

’ Rl

Wet Seal Within Culvert Draining Control B
Title IV Underground Mine Works Sampling Site
, 3
-~
Legend
[ watershea I Fireciay Elkhorn 3 1/2 Elkhorn 3 Elkhorn 2 Elkhorn 1
0 500 1,000 2,000 Feet Source: USDS, DGI, Mined Out Areas from minemaps kygov.

| 1 | 1 | Credit: Wesley Smith, OSM, wsmith@osmre gov, July 20, 2020

Figure 5. Mining in the unnamed tributary to Hall Fork Watershed. Polygons illustrate mined areas. The
Fireclay coal seam is highest in elevation; the Elkhorn 1 coal seam is lowest in elevation.
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Left Fork Rocky Branch Watershed (Control A)

Within the Left Fork Rocky Branch, the Fireclay coal seam has been surface, highwall, and underground
mined (Figure 6). The Elkhorn 3 %, Elkhorn 3, Elkhorn 2 and Elkhorn 1 coal seams have been underground
mined. Mining within the Left Fork Rocky Branch is documented on mine maps as early as 1978.
Approximately 33.8 acres of Fireclay coal was surface/highwall mined and 6.2 acres were underground
mined. Approximately 63.4 acres, 17.1 acres, 80.4 acres and 2.7 acres of the Elkhorn 3 %, Elkhorn 3,
Elkhorn 2 and Elkhorn 1 coal seams were underground mined in the watershed, respectively. This is the
mined acreage in this watershed only; some of the mines extend into other watersheds, therefore their
total acreage is larger. A notable difference in the two watersheds is that the surface mining of the Fireclay
coal seam occurred more recently in the Left Fork Rocky Branch (shown on maps dated 2008) than in the
unnamed tributary to Hall Fork (shown on maps dated 1983).

Mining in the Left Fork Rocky Branch Watershed

Legend

[Jwatershea [ Fireciay Elkhorn 3 1/2 Elkhorn 3 Elkhorn 2 Elkhorn 1

0 500 1,000 2,000 Feet Source: USDS, DGI, Mined Out Areas from minemaps ky.gov.
| 1 | 1 | Credit: Wesley Smith, OSM, wsmith@osmre.gov, July 20, 2020

Figure 6. Mining in the Left Fork Rocky Branch Watershed. Polygons illustrate mined areas. The Fireclay
coal seam is highest in elevation; the Elkhorn 1 coal seam is lowest in elevation.
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Stream Reach Descriptions
Study Reach

The Study Reach is within an unnamed tributary to Hall Fork downstream and outside of the Title V
underground mine permit boundary. The Study Reach is a perennial headwater stream in the Lower Levisa
watershed (HUC 05070203), extending from the outfall of Pond X to the downstream confluence with Hall
Fork and has a drainage area of 0.14 square miles (USGS, 2012). Pond X is located within the unnamed
tributary to Hall Fork and receives water from the headwater stream and two wet seals located within the
Title V permit boundary. One wet seal discharges to the unnamed tributary of Hall Fork southeast of Pond
X, underground into a culvert. Based on a review of mine maps, it appears this wet seal drains a SMCRA
Title IV underground mine in the Elkhorn 2 coal seam whose portals were on the south side of the unnamed
tributary to Hall Fork. Mine maps indicate this mining occurred between 1967 and 1970 and totaled
approximately 38 acres. The second wet seal emerges on the surface northeast of the pond, and drains the
Title V underground mine works, which are also in the Elkhorn 2 coal seam. Mining of the Title V
underground works was completed in 2005 and totaled approximately 324 acres. The Title V wet seal is on
the north side of the unnamed tributary to Hall fork, opposite the wet seal described above. The Title V
wet seal was constructed as a result of a blowout which occurred on February 23, 2014. Water discharging
from the wet seal flows through a channel where sodium hydroxide tanks are present for treatment. The
water is then aerated by a waterfall prior to mixing with the unnamed tributary to Hall Fork and entering
Pond X. Although the tanks were present, sodium hydroxide was not being added to the wet seal discharge
during the sampling event on April 19, 2017. The unnamed tributary then discharges from Pond X and
enters Hall Fork approximately 90 meters downstream (Figure 7). Figure 8 shows the general locations of
sample collection areas and mine inputs in the unnamed tributary to Hall Fork. Surrounding land use of the
watershed includes deep mining, residential and forest lands.

Study Reach

February 2, 2017.
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Diagram of Unnamed Tributary to Hall Fork Sampling Area:
Study Reach and Control B
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Figure 8. Diagram showing general location of underground mine discharge and sample locations for the

Study Reach and Control B.
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Control Stream Reaches

Prior to the field visit, Lexington Field Office (LFO) personnel employed aerial photography, topographic and
geologic maps, as well as mining records to select possible control stream reaches for comparison with the
Study Reach. On April 19, 2017, LFO personnel used water quality field instruments to verify the specific
conductance and pH concentrations to select a control site.

Control A

Figure 9 shows Control A, a perennial headwater stream in the Lower Levisa watershed (HUC 05070203).
Control A'is in the Mountains bioregion and drains an area of 0.18 square miles (USGS, 2012). Like the Study
Reach sampling location, the Control A sampling location is downstream of underground mine discharges.
Upstream of the Control A sampling location, two wet seals discharge to the Left Fork Rocky Branch. The
wet seals drain Title V underground mine works in the Elkhorn 3 and Elkhorn 2 coal seams. Control A was
selected because it is located within the same HUC 8, the field water quality was similar to the Study Reach,
and similar mining (mining types and mined strata) had occurred in both watersheds. Although the water
quality is similar, the substrate within the Control A watershed is not coated with mineral deposition.
Surrounding land use of the watershed includes mining, oil wells, residential and forest lands.

Control B

Control B, is a section of the unnamed tributary to Hall Fork that is upstream and outside of the Title V
permit boundary (Figure 8). Control B is a perennial headwater stream in the Lower Levisa watershed (HUC
05070203). Control B is upstream of the Study Reach and outside of the direct influence of the Title V
underground mine works. Control B drains an area of 0.11 square miles (USGS, 2012). Control B was
selected as a control site because it is immediately upstream of the Study Reach and did not exhibit the
ochre colored mineral deposition. This allows for direct comparison of the physical, biological, and water
quality data both upstream and downstream of the Title V underground mine discharge. Surrounding land
use of the watershed includes mining and forest lands.

Reference Reach Waters within the Mountains bioregion

In Kentucky, Reference Reach Waters represent those least-disturbed conditions that are attainable in each
bioregion and may serve as chemical, physical and biological models from which to determine the degree of
impairment (Commonwealth of Kentucky, 2016). Headwater reference reaches were selected that have a
drainage of <1.0 square mile and are located within the Mountains bioregion of Kentucky (Figure 2).
Reference Reach data were provided by the U.S. Environmental Protection Agency (U.S. EPA) on October
10, 2017. These data include physicochemical and biological measurements of four Reference Reach
Waters to compare to the Study and Control Reaches.
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Diagram of Left Fork Rocky Branch Sampling Area: Control A
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Figure 9. Diagram showing general location of underground mine discharge and sample locations for
Control A.
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Candidate Causes

Candidate Causes and Stressor — Response Relationships

A candidate cause is a hypothesized cause of a specific environmental impairment, sufficiently credible to
be analyzed in a causal assessment (U.S. EPA, 2010a). In this report a candidate cause is the stressor, or the
physical, chemical, or biological entity that directly or indirectly induces a biological impairment (U.S. EPA,
2010b). The candidate causes evaluated in this study are: Physical Habitat; Metal Concentration; lonic
Strength; and Mixed, Cumulative Cause. Candidate causes of biological impairment were identified based
on personal communications with OSM Reclamation Specialists in February 2017 and research into the
historical resource extraction and development of the area. Based on this initial research, human activities
such as: major industrial; urban development; oil and gas development; and agricultural were eliminated
due to their absence from the watershed. Stressors commonly associated with underground mining were
evaluated due to the known history of these activities in the headwaters, presence of underground mine
discharges within the watershed, and known causes of impairment to Hall Fork?. Candidate causes leading
to the biological impairment are shown as stressors in the conceptual diagram below in Figure 10. This
conceptual diagram is used to illustrate the pathways and linkages between stressors and responses. Table
1 defines the components of the diagram. Descriptions of each candidate cause follow the diagram.

Table 1. Conceptual Diagram shape definitions (U.S. EPA, 2010b).

Shape Definition
. Activity or land use that directly or indirectly leads to one or more
O HmanAciiy A< g g
O SUU[CG Entity that directly or indirectly leads to one or more proximate
stressors
D Addltlonm Step Process or state that causally connects a source to a stressor

' M0d|fy|ng FHEIOI' Process or state that modifies delivery or expression of a stressor

I Sth‘SSOf Physical, chemical, or biological entity that directly or indirectly
induces one or more biotic responses of concemn
' Process or state that causally connects a stressor to a biotic
O Mode of Action 0eess Y
response
O Resp(}nse Biological result of exposure to one or more stressors

2 Hall Fork (Waterbody ID: KY493584_01) is listed as impaired for the Warm Water Aquatic Habitat Designated Use in
the U.S. EPA 2014 Water Quality Assessment Report. Causes of impairment are iron, specific conductivity, and total
dissolved solids. Available at:

https://ofmpub.epa.gov/waters10/attains waterbody.control?p list id=KY493584 01&p cycle=2014&p report type
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Figure 10. Conceptual diagram showing potential pathways to biological impairment. A “” indicates an
increase, a “J,” indicates a decrease, and a “A” indicates a change.
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Physical Habitat

Physical habitat quality and quantity is a driver and thus an indicator of the aquatic macroinvertebrate
population and structure (Barbour, 1999). Numerous studies show that changes in physical habitat and
disruptions to stream geomorphic processes typically reflect local land use and may adversely affect aquatic
communities (Allen, 2004; Pond G., 2004). Physical habitat is measured in the field either through
guantitative or qualitative methods.

Stressors to aquatic macroinvertebrates resulting in a change to the aquatic and riparian physical habitat
may occur from human activities such as logging, residential development, oil/gas well drilling and mining.
Stressor sources may originate from an increase in stormwater runoff, point source effluent discharges,
removal of riparian vegetation, or habitat fragmentation such as culvert installation or instream pond
creation. Increases in deposited sediment and bedload, mineral deposition on benthic substrate, barriers to
movement; and decreases to available physical habitat, physical habitat quality, and riparian width connect
the source to the response and may be modified by factors such as geology or streambed gradient.

Response to a change in physical habitat may be a change in aquatic macroinvertebrate population and
community structure. Specifically, aquatic macroinvertebrates may decrease in abundance in response to
increased sediment or mineral deposition filling interstitial spaces or embedding substrate which results in
a reduction of habitat used by certain invertebrate species (Gerritsen, 2010). A reduction in the percent
clingers, animals with adaptations for attachment to substrate in flowing water, in a reach may be an
indicator of excess sediment in the reach (Barbour, 1999; Longing, 2010). A decrease in overall index score
or individually scored parameters of the U.S. EPA's Rapid Assessment Protocol Habitat Assessment may be
used to describe physical habitat alteration. The visible deposition of minerals on stream substrates or
instream leaf packs is evidence of a change in physical habitat that may be deleterious to the aquatic
macroinvertebrate community.

Metal Concentration

Metals occur naturally in all ecosystems and the concentration present in aquatic ecosystems is typically
based on local surficial and structural geology (U.S. EPA, 2010a). An increase in metal concentration above
naturally occurring levels in the water may be induced by anthropogenic activities that accelerate soil
erosion or from surface and underground sources (e.g. mines). Evidence of elevated metal concentration
may be mineral deposition on benthic substrates or aquatic organisms or through measured
physicochemical parameters.

Stressors to aquatic macroinvertebrates resulting from an increase in metal concentrations may occur from
human activities such as logging, residential development, oil/gas well drilling and mining. Stressor sources
originate from the local geology, contact with fractured un-weathered rock, and land cover. Increases to
mineral deposition on benthic substrate, free metal ions, smothering of invertebrates, blooms of iron-
depositing bacteria; and decreases to available physical habitat and physical habitat quality connect the
source to the response and may be modified by factors such as geology or constructed sediment ponds.

Response to elevated metal concentration is seen through biologically impaired aquatic macroinvertebrate
assemblages or deviation of invertebrate communities from reference conditions. Certain mayflies, e.g.
Drunella sp., Ephemerella subvaria, or mayflies in the family Leptophlebiidae are intolerant of metal ions
while midge species in the family Chironomidae are pollution tolerant and may be present in waters high in
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metal ion concentrations (Warnick Stephen L., 1969; Gerritsen, 2010). A shift in the invertebrate
community structure from intolerant species (tolerance value < 3.0) to tolerant species (tolerance value >
7.0) is evidence of elevated metal concentration (Pond, Call, Brumley, & Compton., 2003). The visible
deposition of metals on stream substrates, instream leaf packs, or aquatic invertebrates is evidence of
elevated metal concentration deleterious to the aquatic macroinvertebrate community.

lonic Strength

Conductivity

Specific conductance (hereinafter “conductivity”) is the ability of a material to conduct electrical current
and is commonly measured in microSiemens per centimeter (uS/cm) at 25°C. Conductivity is a method of
estimating the ionic strength of a solution and is a common way to express the amount of salts in solution
(i.e. salinity) of a water (U.S. EPA, 2011a). The conductivity of a water varies based on the local geology,
land use and other factors. An increase in conductivity above naturally occurring levels in the water may be
induced by anthropogenic activities that accelerate soil erosion or from mining. Although conductivity is
indicative of the mixture of ions in solution it is an important indicator of water quality because all ions
present in solution affect the individual organism.

Stressors to aquatic macroinvertebrates resulting from an increase in conductivity may occur from human
activities such as logging, residential development, oil/gas well drilling and mining. Stressor sources are
related to the local geology, contact with fractured un-weathered rock, and land cover. An increase to the
mixture of ions and a change in the ionic composition in solution connect the source to the response and
may be modified by factors such as geology.

The effects of excess conductivity on aquatic macroinvertebrates are well documented in the literature and
may lead to the extirpation or emigration of certain genera (U.S. EPA, 2011a). Response from elevated
conductivity is seen through change in invertebrate community structure from intolerant species (tolerance
value <3.0) to tolerant species (tolerance value >7.0) or deviation of invertebrate communities from
reference conditions. Some genera require water quality within a specific range of salinity and are sensitive
to changes. Toxicity to aquatic macroinvertebrates occur through disruption to an organism’s internal
osmoregulation of ion concentrations such as Na*, K*, CI~, Mg?*, and SO4* (U.S. EPA, 2011b). Aquatic
communities where Ephemeroptera (mayflies) are absent may be an indicator of conductivity impairment
(Pond G. J., 2008). Conductivity in excess of the chronic aquatic life benchmark value of 300 uS/cm in the
Central Appalachians Level lll ecoregion (Ecoregion 69) may be an indicator of impairment (U.S. EPA,
2011a).

Total Dissolved Solids

Total dissolved solids (TDS), used to describe minerals, salts, and small amounts of organic matter present
in solution in water, is the sum of the cations and anions in water and is strongly correlated with specific
conductance. TDS can increase when water contacts acid-forming materials, or other easily dissolved
minerals and soil ions. An increase in TDS above naturally occurring levels in the water may be induced by
anthropogenic activities that accelerate soil erosion or from mining. Laboratory toxicity testing has shown
TDS to cause lethal and sublethal effects to common macroinvertebrate species (Timpano, 2010). Although
TDS measures the mixture of ions in solution it is an important indicator of water quality because all ions
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present in solution affect the individual organism. Stressor sources, stressors, and the effects of TDS are
comparable to those described for conductivity.

Mixed, cumulative effect

Aquatic ecosystems are complex environments that are naturally controlled by their climate, geology, and
topology, and are affected by anthropogenic activities (Allen, 2004). As such, multiple stressors may be
acting on an aquatic ecosystem, the effect of which are reflected in the aquatic macroinvertebrate
community and structure.

Candidate Cause Assessment Methods

An epidemiological approach was used to weight the evidence of each candidate cause and analyze each
candidate cause’s effect on the alteration of aquatic macroinvertebrate community. Characteristics of the
candidate causes were evaluated using the measurements listed in Table 2 for their probability of causing a
response in the aquatic macroinvertebrate community. Following the organization used by Cormier (2010),
this causal assessment organizes evidence by six characteristics of causation: co-occurrence, preceding
causation, interaction, alteration, sufficiency, and time order. As defined in ‘Causal Characteristics for
Ecoepidemiology’ (Cormier S. M., 2010):

“The cause precedes the effect (time order). The cause co-occurs with the unaffected entity in
space and time (co-occurrence). Causes and their effects are the result of a web of causation
(preceding causation). The intensity, frequency, and duration of the cause are adequate and the
susceptible entity can exhibit the type and magnitude of the effect (sufficiency). The cause
effectively interacts with the entity in a way that induces the effect (interaction). And, the entity is
changed by the interactions with the cause (alteration).”

Evidence to affirm (+) or refute (-) a candidate cause is scored for each characteristic based on the body of
evidence. A zero (0) is given if a characteristic has no effect. Scores are tallied for each characteristic of each
candidate cause to give an overall score and evaluate the causal relationship between the candidate cause
(stressor) and the biological response.
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Table 2. Relevant measurements used to evaluate the candidate causes. Measurements consist of both
field and laboratory analysis of physicochemical and biological metrics and comparison to reference
biological and habitat conditions.

Candidate Cause Relevant Measurements

Visual Observation of Benthic Substrate; Rapid Visual Habitat Assessment:

i i Individual Parameters and Total Score, Comparison to Reference Reach
Physical Habitat . . .
Data; Observed Macroinvertebrate Metrics, Comparison to Reference

Reach Macroinvertebrate Metrics

Laboratory Analysis of: Dissolved Calcium, Dissolved Iron, Total Iron,
Dissolved Magnesium, Dissolved Potassium, Dissolved Sodium, Dissolved

Metal Concentration Aluminum, Total Aluminum, Dissolved Manganese; Observed
Macroinvertebrate Metrics, Comparison to Reference Reach
Macroinvertebrate Metrics

Laboratory Analysis of: Specific Conductivity and Total Dissolved Solids;
lonic Strength Observed Macroinvertebrate Metrics; Comparison to Reference Reach
Macroinvertebrate Metrics

Mixed, Cumulative Effect Analysis of the above measurements and candidate causes.

Field Data Collection Methods

Physical, chemical and biological data were collected in the field from the Study Reach, Control A, and
Control B on April 19" and 20%™, 2017. Each sample reach was assigned a unique number and followed a
standard naming system which includes the sample year, state, and reach identifier (e.g.
2017_KY_Control_A). Field sampling occurred at the Study Reach and Control B on April 19, 2017 and at
Control A on April 20, 2017. A HOBO Fresh Water Conductivity Data Logger (HOBO U24) was deployed and
monitored the Study Reach and Control A from April 20, 2017 through October 10, 2017.

The Palmer Drought Severity Index (PDSI) was reviewed in order to determine the climatic conditions
during the week of the sampling event. The University of Kentucky publishes a weekly PDSI value on their
Agricultural Weather Center webpage (http://wwwagwx.ca.uky.edu/latest drought.shtml#droug). A PDSI
number is assigned to the Western, Central, Bluegrass and Eastern Kentucky Regions to assess and monitor
the drought status. At the time of the sampling event, the Eastern Kentucky Long-term hydrological
moisture status was near normal conditions. Of the 52 weeks preceding the sampling events, the PDSI was
“near normal” 49 of those weeks. The remaining three weeks were noted as a “moderate drought”, and
were reported on November 7, November 14 and November 21, 2016. Figure 11 shows PDSI values plotted
I” period limiting

since 2003. These data indicate that the sampling event occurred during a “near norma
additional stressors from excess, or lack of precipitation.
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Figure 11. PDSI values since 2003. The date of the April 2017 sampling events is indicated by the vertical
red line.

Physical Habitat

Habitat assessment followed the Kentucky Department for Environmental Protection (KYDEP) Methods for
Assessing Habitat in Wadeable Waters (Kentucky Division of Water, 2011a). This is a visual, qualitative
assessment to measure the quality of the stream and riparian habitat. The methodology follows the general
methods outlined in Barbour et al. (1999) and evaluates ten parameters: epifaunal substrate/available
cover, embeddedness, velocity/depth regime, sediment deposition, channel flow status, channel alteration,
frequency of riffles, bank stability, bank vegetative protection and riparian vegetation zone width. Each
parameter is scored from 0 to 20 and is divided into 4 condition categories: poor (0-5 points), marginal (6-
10 points), suboptimal (11-15 points), and optimal (16-20 points) (Kentucky Division of Water, 2011a).
Physical habitat was assessed along the same reach section as the biological sampling.

Chemical

Water quality field measurements and samples for laboratory analysis were collected near the downstream
portion of each sample reach. This was done prior to conducting the Physical and Biological assessments. In
situ measurements of pH, specific conductance, dissolved oxygen, turbidity, total dissolved solids, and
temperature were recorded with a factory calibrated YSI — ProDSS handheld multiparameter meter. Surface
water quality samples were collected for laboratory analysis following the KYDEP Standard Operating
Procedure “Sampling Surface Water Quality in Lotic Systems” (Kentucky Division of Water, 2011b) and
delivered for analysis to Appalachian States Analytical in Pikeville, KY on April 20, 2017. Specific surface
water quality parameters analyzed are shown in Table 3 below. Precipitation data were obtained from the
Kentucky Mesonet station closest to the sampling site (Pike County Station). Kentucky Mesonet is a
network of automated weather and climate monitoring stations which are maintained by the Kentucky
Climate Center at Western Kentucky University (WKU, 2018). The closest Mesonet station is the Pike
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County sampling site. The site is approximately 15 miles southeast of Hall Fork, which is a greater than
ideal distance to perform analysis and determine the magnitude of each event but does provide a general
reference of when precipitation may have occurred.

Table 3. Water quality sampling parameters.

Variable Groups Parameters

Chloride, Specific Conductance, pH, Sulfate, Total Dissolved

Bulk Solids, Total Suspended Solids

Dissolved Calcium, Dissolved Iron, Total Iron, Dissolved Magnesium, Dissolved
Potassium, Dissolved Sodium, Dissolved Aluminum, Total aluminum, Dissolved
Manganese

Metals

Alkalinity/Acidity Alkalinity

Biological

Macroinvertebrate and multihabitat sampling followed the KYDEP Methods for Sampling Benthic
Macroinvertebrate Communities in Wadeable Waters (Kentucky Division of Water, 2015b). Semi-
guantitative samples were collected from riffles using a standard 600 um mesh 0.5 meter rectangular-
frame dip net to collect a 0.25 square meter sample upstream of the net. Four 0.25 square meter samples
were collected from each reach for a total sample size of one square meter per reach. Multi-habitat
sampling followed the KYDEP methods using a standard 600 um mesh D-frame dip net, 600 um mesh wash
bucket, and US No. 10 sieve. The semi-quantitative and multi-habitat samples were preserved and labeled
separately in the field in 95 percent denatured ethanol.

Preserved field samples were processed and analyzed following the KYDEP “Laboratory Procedures for
Macroinvertebrate Sample Processing and Identification” at the U.S. EPA Aquatic Bioassessment Laboratory
in Wheeling, WV (Kentucky Division of Water, 2015c). Semi-quantitative sample aliquots were selected
from a random number table and gathered from an 18” L x 10” w x 2.5”h pan with 32 grids. Sorted debris
residue was preserved. Sorted samples were shipped to, and identified by, Pennington & Associates Inc. in
Cookeville, TN.

Results
Physical Habitat

All sample reaches exhibited a total score in the “Fair” rating for Mountain Bioregion narrative habitat with
scores falling within the 117-159 range (Figure 12) (Kentucky Division of Water, 2011a). Control A and the
Study Reach had similar total scores, 137 and 136 respectively, and Control B had a slightly higher total
score of 151. The greatest variance in individual habitat parameters across the reaches was observed in the
Frequency of Riffles, Riparian Vegetative Zone Width, and Sediment Deposition. The differences in the
condition scores are suspected to be due to the amount of disturbance adjacent to the reaches. The
similarity in the Frequency of Riffles between the Study Reach and Control A is suspected due to the
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gradient of the channels and proximity of the gravel two-track road to the right bank of each reach. Control
B has less of a gradient and the two-track road was at a greater distance than both Control A and the Study
Reach. The Study Reach lacked riparian vegetation on either bank due to a lightly traveled two-track road
along the right bank and a grass field along the left bank. Control A had a more heavily traveled gravel
driveway along the right bank with upstream culvert inputs which increased the sediment deposition within
the reach. Although Control B has a dirt two-track road adjacent to the right bank, it did not impact the
reach with increased sediment deposition or lower the Riparian Vegetative Zone Width as significantly as
Control A.

The Study Reach had a low amount of sediment deposition and thus a high score for this parameter which
may be attributed to the treatment pond immediately upstream of the reach. The benthic habitat of the
Study Reach was observed to be ochre in color and coated in mineral deposition (Figure 13; Figure 14).
After deployment for nearly three months (April 20, 2017 through July 11, 2017) the PVC pipe protecting
the HOBO U24 data logger in the Study Reach was observed to be ochre in color and coated in mineral (iron
hydroxide) deposition (Figure 15). OSM staff has observed the mineral deposition to be most prevalent
during the winter and spring and less prevalent in the fall. When the HOBO data logger was retrieved on
October 10, 2017 mineral deposition was not present at the Study Reach.

High Gradient Habitat Scores at All Surveyed Reaches
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Figure 12. Habitat condition scores for the Study and Control Reaches. Higher condition score indicates a
more optimal condition.
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Figure 13. Ochre colored mineral deposition on benthic substrate on the upstream (A) and downstream (B)
sections of the Study Reach. Credit: Brian Dailey (OSM) - April 19, 2017.
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Figure 14. Ochre colored mineral deposition on benthic substrate of the Study Reach. Credit: Brian Dailey
(OSM) — April 19, 2017.

Figure 15. Visible mineral deposition seen on PVC protecting HOBO U24 data logger in the Study Reach.
Credit: Wesley Smith (OSM)- July 11, 2017.
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Chemical

Tables 7 and 8 in Appendix A show the results of laboratory analysis and in situ measurements of surface
water quality samples and the water quality data of the reference reaches. All pH measurements were
within the 6.0 — 9.0 standard unit (S.U.) warm water aquatic habitat limits set by KYDOW. The pH of Control
B and the Study Reach were circumneutral and similar, 7.22 and 7.37 S.U. respectively. Control A had an
alkaline pH of 8.14 S.U and Alkalinity concentration (183 mg/L) nearly five times greater than the Study
Reach and Control B indicating that Control A has a greater capacity to buffer against changes in pH. In
general, Control B had lower conductivity, sulfate, sodium and TDS values than those observed at either the
Study Reach or Control A (Figure 16). The concentrations of metals in all samples were within the Kentucky
Division of Water (KYDOW) numeric standards. Overall, Control A and the Study Reach had similar
concentrations of metals (Figure 17). Control B had metal concentrations generally less than both the Study
and Control A reaches (Figure 17). Dissolved and total iron concentrations were greater at the Study Reach
(0.098 mg/L and 0.616 mg/L, respectively) than Control A (0.032 mg/L and 0.145 mg/L, respectively) and
Control B (0.031 mg/L and 0.056 mg/L, respectively). Conductivity at the Study Reach remained relatively
consistent from the spring to the fall except for a few brief drops (Figure 18). The large swings of
conductivity shown in Figure 18 are likely due to rainfall events, which temporarily decrease conductance
values.

Alkalinity and Bulk Analysis Results at All Sample Sites
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Figure 16. Alkalinity and Bulk variable group laboratory results (all concentrations in mg/l). The Study
Reach, Control A, and Control B had specific conductance measurements of 760, 850, and 250 (us/cm)
respectively and have been omitted from the figure for clarity.
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Metals Concentrations at All Sample Sites
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mm Dissolved Iron 0.032 0.031 0.098
mmm Dissolved Manganese 0.023 0.002 0.213
Total Aluminum 0.10 0.06 0.09
I Total Iron 0.145 0.056 0.616
= Dissolved Magnesium 33.310 13.820 34.900
== Djssolved Calcium 59.69 18.22 55.40
== Djssolved Potassium 4.37 1.44 6.15
== Djssolved Sodium 94.77 4.39 24.75
Total Manganese 0.040 0.006 0.236

*Half of detection limit used for graph purposes.

Figure 17. Metals variable group laboratory results (all concentrations in mg/I).
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Study Reach Specific Conductance
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Figure 18. Specific conductance recorded with a HOBO U24 data logger at the Study Reach. Decreased
values correspond with local rain events.

Biological

Macroinvertebrate samples were analyzed using the Kentucky Macroinvertebrate Bioassessment Index
(MBI) templates and additional metrics. Metrics analyzed to calculate the MBI include: Genus Taxa Richness
(G-TR); Genus Ephemeroptera, Plecoptera, Trichoptera Richness (G-EPT); Modified Hilsenhoff Biotic Index
(mHBI); Modified Percent EPT Abundance (m%EPT); Percent Ephemeroptera (%Ephem); Percent
Chironomidae+Oligochaeta (%C+0); and Percent Primary Clingers (%ClngP) (Pond, Call, Brumley, &
Compton., 2003). To acquire the number of organisms required for evaluation using the MBI, the sample
collected in the field was sorted in the laboratory to obtain 300 */- 20% individuals for taxonomic
identification (Kentucky Division of Water, 2015c). The Study Reach had a paucity of organisms. The entire
sample was sorted and only 161 organisms were obtained from the semi-quantitative sample.
Comparatively, 318 organisms were randomly obtained from six of thirty-two squares in a gridded 18” x 10”
x 2.5” pan at Control A and 303 organisms randomly obtained from thirteen of thirty two squares at Control
B. Based on the number of organisms collected in the kicknet sample a density of organisms per square
meter (°/m2) may be calculated. The Study Reach had a density of 161 ©/,, Control A a density of 1696 °/,
and Control B a density of 746 °/m,. The Riffle Only Genus Species 300 Pick MBI Template was used to
calculate the MBI for both Control A and Control B. Due to low abundance of organisms collected (161
individuals) the Genus Species Full Pick MBI Template was used to calculate the MBI for the Study Reach
(Kentucky Division of Water, 2015a). Raw macroinvertebrate data is shown in Table 10 of Appendix A.

Figures 19, 20, and 21 show the metrics used to calculate the MBI for the Study and Control reaches
(Surveyed Reaches). A narrative rating is assigned to streams based on total calculated MBI score (100-
point scale) within each bioregion of Kentucky. For headwater streams in the Mountains bioregion a score:
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>83 is “Excellent”; 82-72 “Good”; 71-48 “Fair”; 47-24 “Poor”; and 23-0 “Very Poor”. Total MBI scores show
the Study (MBI score = 37) and Control A (MBI score = 34) reaches have a “Poor” narrative rating while
Control B (MBI score = 74) has a “Good” rating (Pond, Call, Brumley, & Compton., 2003). Control B had the
greatest G-TR, G-EPT, m%EPT, and %Ephem which supports a Good narrative rating. The Study Reach had
low values for each of the above referenced metrics and high %C+0 which supports a Poor rating. These
results indicate that each surveyed reach had a different community composition and that both the Study
Reach and Control A had altered aquatic macroinvertebrate communities.

Percent Chironomidae+0Oligochaeta, Percent Primary Clingers, Percent
Ephemeroptera, and Modified Percent EPT Abundance at Surveyed Reaches
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Figure 19. Subset of metrics used to calculate MBI for all Surveyed Reaches. Range of individual metric
values is between zero and one hundred percent.

Genus EPT and Genus Taxa Richness at Surveyed Reaches
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Figure 20. Subset of metrics used to calculate MBI for all Surveyed Reaches. G-EPT is the total number of
distinct genera (both semi-quantitative and qualitative samples combined) within the generally pollution
sensitive insect orders of Ephemeroptera, Plecoptera and Trichoptera found in the composited sample. G-
TR is the total number of genera (semi-quantitative and qualitative samples combined) present in the
composited sample.
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Modified Hilsenhoff Biotic Index (mHBI) at Surveyed Reaches

H Control A

Value

m Control B

B Study

mHBI

Figure 21. mHBI values used to calculate MBI for all Surveyed Reaches. mHBI is a calculated value based on
individuals within a species, tolerance values of the species and total number of organisms in the sample.
An increasing mHBI value indicates decreasing water quality.

Although not included in the MBI calculation explicitly, the percent of taxa in a sample that are either
tolerant or intolerant to pollution may indicate stress on a system. For this analysis a tolerance value of less
than three was chosen to reflect intolerant taxa and a value of greater than seven to reflect tolerant taxa
for benthic macroinvertebrates collected using the kicknet method (Pond, Call, Brumley, & Compton.,
2003). Figure 22 shows that the Study Reach and Control Reach A had a similar percentage of tolerant taxa
and Control B had a small percentage of tolerant taxa. Control Reach B had the greatest percent of
intolerant taxa followed by the Study Reach and Control A. These results show that Control B had a very low
percent of tolerant taxa and high percent of intolerant taxa, and that a more tolerant community
composition was seen downstream in the Study Reach.

Percent Tolerant/Intolerant Taxa at Surveyed Reaches
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Figure 22. Comparison of tolerant (tolerance value, or TV > 7) and intolerant (tolerance value, or TV < 3)
taxa at all Surveyed Reaches.
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Table 4 shows total MBI score and narrative rating for the Reference Reaches. Figures 23, 24, and 25 show
the metrics used to calculate the MBI for the Surveyed and Reference Reaches. Reference reaches had high
values for G-TR, G-EPT, m%EPT, and %Ephem metrics and low %C+0 values. The Study Reach had a
different community composition and deviated from more undisturbed conditions in the Mountain
bioregion as exhibited by the Reference Reaches.

Table 4. MBI score and narrative rating for Reference Reaches.

Reference Reach ID MBI Score Narrative Rating
DOWO01007006 94 Excellent
DOW01017004 83 Excellent
DOWO01031005 77 Good
DOW01032001 88 Excellent
DOW01032002 92 Excellent

Percent Chironomidae+0Oligochaeta, Percent Primary Clingers, Percent
Ephemeroptera, and Modified Percent EPT Abundance at Surveyed
and Reference Reaches
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Figure 23. Subset of metrics used to calculate MBI at Surveyed and Reference Reaches. Range of individual
metric values is between zero and one hundred percent.
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Genus EPT and Genus Taxa Richness at Surveyed and Reference Reaches
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Figure 24. Subset of metrics used to calculate MBI for all Surveyed and Reference Reaches. G-EPT is the
total number of distinct genera (both semi-quantitative and qualitative samples combined) within the
generally pollution sensitive insect orders of Ephemeroptera, Plecoptera and Trichoptera found in the
composited sample. G-TR is the total number of genera (semi-quantitative and qualitative samples
combined) present in the composited sample.
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Figure 25. mHBI values used to calculate MBI for all Surveyed and Reference Reaches. mHBI is a calculated
value based on individuals within a species, tolerance values of the species and total number of organisms
in the sample. An increasing mHBI value indicates decreasing water quality. Both the Study Reach and
Control A show increased mHBI while Control B has an mHBI similar to the reference reaches.
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Mineral deposition was observed on individual organisms in addition to the observations on the benthic
substrate at the Study Reach. Figure 26 shows mineral deposition on a caddisfly of the Hydropsyche
depravata gp. collected at Study Reach and an image of the same organism collected from Control A which
does not exhibit mineral deposition. No Hydropsyche depravata gp. were collected at Control B.

Figure 26. Hydropsyche depravata gp. collected at the Study reach (A) and Control A (B). Scale in
millimeters. Images captured using a Nikon Coolpix AW130 digital camera and cropped in IrfanView for
Windows Version 4.50 — 64 bit.
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Conclusion

Groundwater interaction with the Elkhorn 2 seam underground mine workings is the stressor source to the
impaired aquatic macroinvertebrate community composition of the Study Reach. The difference in water
quality between Control B and the Study Reach sample location is attributed to water discharging from the
Elkhorn 2 underground mine works. Most of the water entering the unnamed tributary to Hall Fork from
the Elkhorn 2 coal seam is discharging from the Title V underground mine works. The flow from the Title IV
and Title V wet seals were compared on February 12, 2018 to quantify the flow differences. Flow from the
Title V underground mine inundated a two-inch portable cutthroat flume, indicating the flow was greater
than 258 gallons per minute. Flow from the Title IV wet seal was measured at 9 gallons per minute. The
flow disparity is indicative of the difference in mined acreage between the two sources. The elevated
conductivity, TDS, and metals concentrations observed at the Control A sampling site are attributed to
underground mine discharges and more recent surface mining in the watershed that have impaired the
biological community of that stream. The aquatic macroinvertebrate community of the Study Reach is
adversely affected by the cumulative effect of the multiple candidate causes as described in this report and
determined by the matrix analysis in Table 6. The underlying stressor driving the alteration of the Study
Reach aquatic macroinvertebrate community is elevated ionic strength. The observed ochre colored
mineral deposition compounds the effect of elevated ionic strength and is reducing the abundance and
diversity of the resulting aquatic community via physical habitat impairment and smothering of organisms.

The aquatic macroinvertebrate community varies substantially between the Study Reach, Control A, and
Control B. The aquatic macroinvertebrate community of Control A is impaired, and suspected to be
adversely affected by inputs from surface and underground mines elevating the conductivity. The aquatic
macroinvertebrate community of Control B is more representative of an aquatic macroinvertebrate
community and is comparable to Reference Reaches in the Mountain bioregion. The aquatic
macroinvertebrate community of the Study Reach is impaired, and suspected to be adversely affected by
inputs from underground mines that are elevating the conductivity and smothering the physical habitat and
organisms with mineral deposition. Decreased quantity of intolerant taxa within the Study Reach appears
to be the result of a combination of elevated ionic strength and a physical impairment on both the physical
(benthic) habitat and the organisms by the ochre colored mineral deposit. Overall, the aquatic
macroinvertebrate community of Study Reach is adversely affected by the cumulative effect of multiple
individual stressors as analyzed in Table 6.

The ionic strength, measured in conductivity and TDS, observed in the Study Reach was greater than that of
Control B and is directly related to the water entering the unnamed tributary to Hall Fork from
underground works in the Elkhorn 2 coal seam. Historical water quality data show conductivity to be similar
to Control B prior to the most recent mining in the watershed (Table 9). The conductivity of both the Study
Reach and Control A exceed the chronic aquatic life benchmark value of 300 uS/cm while Control B was
below the benchmark value (U.S. EPA, 2011a). Laboratory toxicity testing has shown TDS to cause lethal
and sublethal effects to common aquatic macroinvertebrate species; levels in both Control A and the Study
Reach are greater than Control B and the reference reaches (Timpano, 2010). The %Ephem was observed to
be greater in the reach upstream (Control B) of the Study Reach and numerous studies show that as
conductivity increases the %Ephem decreases which corresponds with the observations of this assessment
(Cormier, Il, Zheng, & Pond, 2013). Reduced G-EPT was observed at the Study Reach as compared to
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Control B and the Reference reaches which supports impairment by elevated ionic strength (U.S. EPA,
2011a). A greater percent of tolerant taxa was observed in the Study Reach which also corresponds with
the effects of elevated ionic strength. A substantially higher %C+0 score in the Study Reach compared to
Control B and all Reference reaches indicates ionic strength impairment (Pond, Call, Brumley, & Compton.,
2003). Further, given that macroinvertebrate drift is a key mode of downstream colonization in eastern
Kentucky headwater streams (Pond G. F., 2016), absence of many sensitive taxa within the Study Reach
(but found upstream in Control B) is evidence of potential toxic, or inhibitory effects to those drifting
organisms.

The physical habitat of the Study Reach was in “fair” condition based on the overall habitat score and the
substrate was observed coated in an ochre colored mineral deposit. Although in fair condition, the KYDEP
Methods for Assessing Habitat in Wadeable Waters parameters do not accurately reflect the ability of the
benthic substrate to support a functioning aquatic community in this study. Specifically, the Embeddedness
and Sediment Deposition parameters do not reflect the presence of the mineral deposition. The severely
reduced abundance of organisms collected in the Study Reach may be in direct response to the mineral
deposition coating the benthic surface (Gerritsen, 2010). Additionally, the mineral deposition may be
indirectly affecting the abundance of macroinvertebrates observed by either not providing habitat for
organisms or reducing the quantity of diatoms which are a macroinvertebrate food source that colonize the
benthic substrate (Wellnitz Todd A., 1994; Vuori, 1995). Neither effect of the mineral deposition is reflected
in any individual parameter or total score. However, reduced abundance and diversity of invertebrates has
been described as associated with habitat smothering (ERMITE Consortium, 2002; U.S. EPA, 2010a).

Metal concentrations were greater at the Study Reach than Control B. Although metal concentrations were
below numeric thresholds established by the Kentucky Pollution Discharge Elimination System (KPDES)
permit, concentrations of iron in the Study Reach were nearly twice a concentration observed as intolerable
by the mayfly Ephemerella subvaria - >0.32 mg/L (Warnick Stephen L., 1969) and three times the
concentration shown adequate to protect mayflies in the family Leptophlebiidae - 0.21 mg/L (Linton, 2007).
Additionally, organisms collected from the Study Reach were observed coated in an ochre colored mineral
deposition. Mineral encrustation may affect aquatic organism species through different modes and some
species may be more tolerant of encrustation than others due to physiological or protective structures.
Ephemeroptera (mayfly) gills are found on the abdomen and function to control the amount of water,
oxygen, and salt that enter the body (Thorp, 2015). Mineral deposition such as that seen on the benthic
macroinvertebrates collected from the Study Reach would inhibit gill functions of the mayfly (Vuori, 1995).
This may be why only a single mayfly individual was collected from the Study Reach and Control B exhibited
a more robust mayfly community (%Ephem) than the Study Reach, 23.76% and 0.62% respectively.
Alternatively, individuals in the midge family Chironomidae and Oligochaete (worm) class are more tolerant
of metals and many species lack external gill structures and therefore may not be as adversely impacted by
mineral deposition (Gerritsen, 2010). This may be why the Study Reach community consisted of 31.68%
Chir+%0lig and Control B was comprised of only 3.63% Chir+%0Olig.

The aquatic community of the Study Reach is biologically impaired, and the aquatic macroinvertebrate
community adversely affected below the Title V underground mine works. The evidence shows that the
altered community is attributable to the cumulative effect of the candidate causes shown in Table 6. The
cumulative effect of elevated ionic strength and mineral strength and a loss of physical habitat services
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attributed to mineral deposition are suspected to be the stressors exerting the most pressure on the Study

Reach. In Kentucky, narrative water quality standards are interpreted through indices of biologic integrity

developed by KDOW (Pond & McMurray, 2002). Impaired waters are those waters found to partially

support or not support one or more of its designated uses due to either a pollution or a pollutant (Kentucky

Division of Water, 2018). The Study Reach has a designated use of warm water aquatic habitat. MBI results

provide a tested, reliable foundation from which to make assessment of designated use decisions. The

Kentucky MBI may be used to assess whether the warm water aquatic habitat designated use is met and

determine the quality and system integrity of water bodies based on the results of biological community

integrity. MBI scores show the Study Reach had a poor rating while the upstream Control B had a good

rating. Table 5 shows the indicators for biology-based assessments in Kentucky (Kentucky Division of Water,
2015d). When compared to the upstream Control B, the Study Reach exhibited a low modified % EPT (92%
and 36% respectively) and has increased % of tolerant individuals (2% vs. 46% respectively). Based on the

above mentioned indicators and the KDOW criteria outlined in Table 5 below, we find that the Study Reach

is not supporting and the upstream reach (Control B), immediately outside of the permit boundary, is fully

supporting of the warm water aquatic habitat use. We suspect that mineral deposition would cause similar

impacts to the aquatic community in comparable streams.

Table 5. Biological indicators for assessment of cold or warm water aquatic habitat use support in Kentucky.
Macroinvertebrates were the indicators used for assessment in this study. (Kentucky Division of Water,

2015d)

Table 3.3-1. Biological criteria for assessment of cold or warm water aquatic
habitat (headwater and wadeable streams) use support.?

Indicator

Algae®

Macroinvertebrates

Fishes

Fully Supporting

Diatom Bioassessment
Index (DBI)
Classification of
excellent or good;
biomass similar to
reference/control.

Macroinvertebrate
Bioassessment Index
(MBI) excellent or
good, high EPT,
sensitive species
present.

Kentucky Index of
Biotic Integrity (KIBI)
excellent or good;
presence of uncommon,
endangered or species
of special concern.

Partial Support

DBI classification of
fair; increased
biomass (if nutrient
enriched) of
filamentous green
algae.

MBI classification of
fair, EPT lower than
expected in relation to
available habitat,
reduction in relative
abundance of
sensitive taxa. Some
alterations of
functional groups
(shift to mostly
generalists) evident.

KIBI fair. For
example, reduction of
native species,
reduced darter,
madtom and sculpin
diversity and
increased tolerant
species.

Non-support

DBI classification
of poor; biomass
very low
(toxicity), or high
(organic
enrichment).

MBI classification
of poor; EPT low,
total number of
individuals of
tolerant taxa
very high. Most
functional groups
missing from
community.

KIBI poor, very
poor, or no fish.
Dominant
community of
tolerant
individuals, loss
of intolerant
species

#Acronyms used in this table: EPT= Ephemeroptera, Plecoptera, Trichoptera; RA= relative
abundance; TNI- total number of individuals.
Indicator used in a supplemental capacity with fish or macroinvertebrate data; it is not
used alone to make final use assessment decisions.

Page | 33



Assessing causes of biological impairment to an unnamed tributary in the Hall Fork Watershed: Kentucky

Table 6. Candidate cause evidence matrix analysis. Overall, the matrix indicates the aquatic macroinvertebrate community of Study Reach is adversely affected
by the cumulative effect of multiple individual stressors.

Characteristics

Evidence: Physical Habitat

Evidence: Metal Concentration

Evidence: lonic Strength

Evidence: Mixed, Cumulative
Effect

Preceding
Causation

Time Order

Co-occurrence

Sufficiency

Affirms: Acid forming materials
(source of mineral deposition on
benthic substrate) are present.
Total: (+)

Unknown effect: Data was not
available to compare pre vs. post
mining. Total: (O)

Affirms: Known discharges from
underground mine wetseals
within the permit boundary. (+)
Ochre colored mineral
deposition was not observed in
either Control A or Control B. (+)
Total: (++)

Affirms: Benthic substrate
observed coated with ochre
colored mineral deposition
smothering potential habitat. (+)
HOBO logger stained with ochre
colored mineral deposition
indicating chronic affect. (+)
Literature supports reduced
abundance associated with
smothering of habitat (Vuori,
1995; U.S. EPA, 2010a). (+)
Total: (+++)

Affirms: Acid forming materials (source of
increased metal concentration) are
present. Total: (+)

Refutes: Historical water quality data
indicates higher concentrations of sample
values. Total: (-)

Affirms: Known discharges from
underground mine wetseals within the
permit boundary. (+) Ochre colored mineral
deposition was not observed in either
Control A or Control B. (+) Metal
concentration were greater at the Study
Reach than Control B. (+) Total: (+++)

Refutes: Metal concentrations below levels
in KPDES permits. (-) Total (-)

Affirms: Benthic macroinvertebrates
observed coated in ochre colored minerals
which would smother the gills of mayfly
genera. (+) Benthic substrate observed
coated with mineral deposition smothering
potential habitat. (+) HOBO logger stained
with ochre colored mineral deposition
indicating chronic affect. (+) Toxicity
studies show that organisms in the families
Leptophlebiidae and Ephemerellidae do
not tolerate iron concentrations >0.21 and
0.32 mg/L respectively (Warnick Stephen L.,
1969; Linton, 2007). (+)

Total: (++++) Grand Total: (+++)

Affirms: Acid forming materials
(source of increased conductivity)
are present. Total: (+)

Affirms: Historical water quality data
indicates conductivity similar to
Control B. (+) Total: (+)

Affirms: Known discharges from
underground mine wetseals within
the permit boundary. (+) Control B
(upstream) shows lower
concentrations. (+) Total: (++)

Affirms: Observed difference in
mayfly genera between Control B
and Study Reach. (+) Concentration >
300 pS/cm benchmark (U.S. EPA,
2011a). (+) HOBO logger data show
elevated conductivity is chronic. (+)
Extensive literature on the co-
occurrence of elevated conductivity
and extirpation of mayfly genera
(Cormier, Il, Zheng, & Pond, 2013).
(+)

Total: (++++)

Affirms: Acid forming materials
correlate with all three major
candidate causes. Total: (+++)

Unknown effect: Data is
inconclusive. Total: (O)

Affirms: Physical habitat (+),
metal concentration (+), and
ionic strength characteristics (+)
vary between the upstream
(Control B) and downstream
reach (Study Reach). Total: (+++)

Affirms: Degraded physical
habitat is producing a chronic
affect. (+) Ochre colored minerals
smothering collected benthic
macroinvertebrates. (+) lonic
strength is elevated above
benchmark levels and exposure is
chronic. (+)

Total: (+++)

Page | 34



Assessing causes of biological impairment to an unnamed tributary in the Hall Fork Watershed: Kentucky

Table 6 (cont’). Candidate cause evidence matrix analysis. Overall, the matrix indicates the aquatic macroinvertebrate community of Study Reach is adversely
affected by the cumulative effect of multiple individual stressors.

Characteristics Evidence: Physical Habitat

Evidence: Metal Concentration

Evidence: lonic Strength

Evidence: Mixed,
Cumulative Effect

Affirms: Benthic substrate

observed coated in ochre colored

mineral deposition smothering

potential habitat. (+) Benthic

macroinvertebrates observed
Interaction coated in ochre colored mineral
deposition. (+). Literature shows
benthic macroinvertebrates may
avoid mineral coated habitat
(Wellnitz Todd A., 1994) (+)
Total: (+++)

Affirms: Stream substrate and leaf
packs observed coated with ochre
colored mineral deposition. (+)
Low m%EPT, %Ephem, G-EPT (U.S.
EPA, 2010a). (+) Reduced

abundance of organisms collected.

+
Alteration )
Total: (+++)

Affirms: Benthic substrate observed coated
with mineral deposition smothering
potential habitat. (+) Benthic
macroinvertebrates observed coated in
mineral deposition. (+) Literature shows
benthic macroinvertebrates may avoid
mineral coated habitat and may adversely
affect gill function (Wellnitz Todd A., 1994;
Linton, 2007) (+)

Total: (+++)

Affirms: Benthic macroinvertebrates
observed coated with ochre colored
mineral deposition. (+) Reduced animal
abundance (Wellnitz Todd A., 1994). (+)
Near extirpation of mayflies (%Ephem)
(Warnick Stephen L., 1969). (+)

Total: (+++)

Affirms: Intolerant species, e.g.
mayflies, have external gills which are
used for respiration (Thorp, 2015). (+)
Literature shows exposure to
conductivity constituents in water to
aquatic organisms is direct and across
gill epithelia (U.S. EPA, 2011a; Thorp,
2015). (+)

Total: (++)

Affirms: Reduced G-TR, G-EPT, m%EPT,
and %Ephem metrics. (+) Increased
%tolerant and %C+0 metrics. (+)
Deviation from reference reach scores
in the Mountain Bioregion. (+)

Total: (+++)

Affirms: Ochre colored
mineral deposition
observed on benthic
substrate and benthic
macroinvertebrates. (++)
lonic strength constituents
known to pass across gill
epithelia (U.S. EPA, 2011a).
(+)

Total: (+++)

Affirms: Altered aquatic
macroinvertebrate
community caused by
increased ionic strength. (+)
Low abundance of benthic
macroinvertebrates
associated with degraded
physical habitat and
smothering of benthic
macroinvertebrates. (++)
Total score and individual
metric scores deviate from
reference conditions. (+)
Total: (++++)

Totals +12

+12

+13

+16
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Table 7. Lab results and in-situ measurements of chemical water quality analysis for Surveyed Reaches.

In-situ measurements recorded with YSI — ProDSS handheld multiparameter meter.

Laboratory Measurement Parameter Study Control B Control A
Date 4/19/2017 4/19/2017 4/20/2017
Hot Acidity (mg/L) <5 <5 <5
Alkalinity (mg/L) 32 32 183
Sulfate (mg/L) 299.54 91.99 228.17
Chloride (mg/L) 1.42 1.03 24.11
Total Iron (mg/L) 0.616 0.056 0.145
Total Manganese (mg/L) 0.236 0.006 0.040
Dissolved Iron (mg/L) 0.098 0.031 0.032
Dissolved Manganese (mg/L) 0.213 0.002 0.023
Dissolved Magnesium (mg/L) 34.900 13.820 33.310
Dissolved Calcium (mg/L) 55.400 18.220 59.690
Dissolved Potassium (mg/L) 6.15 1.44 4.37
Dissolved Sodium (mg/L) 24.75 4.39 94.77
Total Aluminum (mg/L) 0.09 0.06 0.10
Dissolved Aluminum (mg/L) <0.05 <0.05 <0.05
TSS (mg/L) 6 <5 17
pH (S.U.) 7.22 7.37 8.14
Specific Conductance (us/cm) 760 256 850
TDS (mg/L) 486 170 524
Total Selenium (mg/L) <0.002 <0.002 0.002
In — Situ Measurement Parameter Study Control B Control A
Dissolved Oxygen (% Sat) 97.3 86.9 97.7
Dissolved Oxygen (mg/L) 9.99 8.72 9.71
Specific Conductance (ps/cm) 727.6 236.2 850.6
TDS (mg/L) 473 154 553
Temperature (°F) 57.4 59.3 60
Turbidity (FNU) 9.73 4.11 15.48
pH (S.U.) 7.43 6.56 8.31
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Table 8. Chemical water quality data for Reference Reaches. Not all parameters were measured at all
locations. Data provided without units.

P?::m:::r DOWO01007006 DOWO01017004 DOWO01031005 DOWO01032001 DOW01032002
Date 4/11/2001 4/23/2007 5/15/2002 4/24/2007 4/24/2007
% Saturation 104.3 102.1 100.2
Acidity 5 5 5
Alkalinity 6.78 55.2 354
Ammonia 0.025 0.025 0.025
Chloride 5 5 5
DO 9 9.68 8 10.43 10.68
Fluoride 0.05 0.06 0.06
Hardness 46 70 50
Nitrate+Nitrite 0.299 0.32 0.298
Organic Carbon 1.17 1.1 1.2
pH 6.88 7.28 7.93 7.95 7.68
Specific 43 118.3 378 147.8 110
Conductance
Specific 115 144 109
Conductance
(LAB)
Sulfate 39.5 12.8 10.6
TDS 232 288 238
Temperature 17 18.06 10.8 13.58 11.6
TKN 0.2 0.205 0.217
Total P 0.0107 0.0146 0.0139
TSS 3.5 17.5

Table 9. Pre-mining Surface Water Quality Data from the Title V underground mine permit application.

Parameter
Date 8/27/82  9/27/82 10/22/82 11/24/82 12/17/82 1/21/83
Temperature (F) 66 59 46 48 43 32
Discharge (cfs) 0.0106 0.0139 0.0093 0.080 0.0506 0.0128
Conductivity (umhos) 255.00 250.00 260.00 360.00 190.00 190.00
pH (S.U.) 6.65 7.04 7.57 7.46 7.21 6.96
Acidity (mg/L) 5.00 0.00 0.00 0.00 0.00 5.00
Alkalinity (mg/L) 30.00 50.00 55.00 50.00 40.00 30.00
TSS (mg/L) 149.00 48.00 25.00 53.00 106.00 67.00
Sulfate (mg/L) 125.00 105.00 NR 50.00 32.50 55.00
Dissolved Iron (mg/L) 1.12 0.37 NR 1.04 0.70 0.49
Total Iron (mg/L) 2.75 0.69 0.60 1.35 2.30 1.76
Dissolved Manganese (mg/L) 0.18 0.03 NR 0.54 <0.02 0.42
Total Manganese (mg/L) 2.47 0.47 1.10 0.67 0.34 0.63

NR = Not reported
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Table 10. Raw macroinvertebrate data for the Study, Control A, and Control B Reaches. Stations with MH suffix represent individual organism counts from the
multihabitat assessment method and KN represents individual organism counts from the kick net assessment method. PAI = Pennington Associates Inc.

PAIID NO 50079 50080 TOTAL 50081 50082 TOTAL 50083 50084 TOTAL
2017-KY 2017-KY 2017-KY 2017-KY 2017-KY 2017-KY 2017-KY 2017-KY 2017-KY
STATION KN MH KN MH KN MH
Study Study Study Control A Control A Control A Control B Control B Control B
DATE 4/19/2017 4/19/2017 4/19/2017 4/20/2017 4/20/2017 4/20/2017 4/19/2017 4/19/2017 4/19/2017
SPECIES TV. FFG. CL
PLATYHELMINTHES 0 0 0
Turbellaria 0 0 0
Tricladida 0 0 0
Planariidae 5 CG 0 0 0
Girardia (Dugesia) tigrina 5 CG 0 0 1 1
ANNELIDA 0 0 0
Clitellata 0 0 0
Oligochaeta 8.2 CG 0 0 0
Tubificida 0 0 0
Enchytraeidae 10 CG 1 1 0 1 1
Naididae 0 0 0
Naidinae 9.1 CG 0 0 0
Nais communis 8.8 CG 1 1 0 0
Nais pardalis 8.9 CG 0 15 1 16 0
Tubificinae w.o.h.c. 9 CG 0 0 0
Limnodrilus hoffmeisteri 9.47 CG 1 1 0 0
Lumbriculida 0 0 0
Lumbriculidae 7.3 CG 2 2 0 0
ARTHROPODA 0 0 0
Crustacea 0 0 0
Isopoda 0 0 0
Asellidae 0 0 0
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PAI ID NO 50079 50080 TOTAL 50081 50082 TOTAL 50083 50084 TOTAL
2017-KY 2017-KY 2017-KY 2017-KY 2017-KY 2017-KY 2017-KY 2017-KY 2017-KY
STATION KN MH KN MH KN MH
Study Study Study ControlA  ControlA  ControlA  Control B Control B Control B
DATE 4/19/2017 4/19/2017 4/19/2017 4/20/2017 4/20/2017 4/20/2017 4/19/2017 4/19/2017 4/19/2017
SPECIES TV. FFG. CL
Lirceus sp. 7.9 CG 0 0 1 1
Decapoda 0 0 0
Cambaridae 0 0 0
Cambarus sp. 4.9 CG 1 2 3 3 1 4 3 3
Insecta 0 0 0
Collembola 0 0 0
Isotomidae CG 0 1 1 0
Ephemeroptera 0 0 0
Ameletidae 0 0 0
Ameletus cryptostimulus 2.4 SC 0 0 12 1 13
Ameletus sp. 2.4 SC 1 1 0 0
Baetidae 5 CG 0 0 0
Baetis pluto 4.3 CG 0 0 29 29
Baetis tricaudatus 1.6 CG 0 24 7 31 0
Ephemerellidae 1 CL 0 0 0
Ephemerella invaria gp. 2.4 CG CL 0 0 28 7 35
Heptageniidae 3.2 SC CL 0 0 0
Epeorus sp. 1.3 SC CL 0 0 1
Epeorus subpallidus 1.2 SC CL 0 0 1
Leptophlebiidae 33 CG 0 0 1
Odonata 0 0 0
Calopterygidae 0 0 0
Calopteryx sp. 7.8 PR 1 1 2 2 0
Cordulegastridae 0 0 0
Cordulegaster sp. 5.7 PR 0 1 1 0
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PAI ID NO 50079 50080 TOTAL 50081 50082 TOTAL 50083 50084 TOTAL
2017-KY 2017-KY 2017-KY 2017-KY 2017-KY 2017-KY 2017-KY 2017-KY 2017-KY
STATION KN MH KN MH KN MH
Study Study Study ControlA  ControlA  ControlA  Control B Control B Control B
DATE 4/19/2017 4/19/2017 4/19/2017 4/20/2017 4/20/2017 4/20/2017 4/19/2017 4/19/2017 4/19/2017
SPECIES TV. FFG. CL
Gomphidae 0 0 0
Lanthus sp. 1.8 PR 3 3 1 1 1 1
Plecoptera 0 0 0
Capniidae 2.8 SH 0 0 1
Chloroperlidae 9.8 PR CL 0 0 1
Haploperla brevis 0.98 PR CL 0 0 1
Sweltsa sp. 0 PR CL 0 0 11 11
Leuctridae 0 0 0
Leuctra sp. 0.7 SH 6 1 7 4 4 48 4 52
Nemouridae 0 0 0
Amphinemura nigritta 3.3 SH 35 6 41 19 15 34 119 20 139
Perlodidae 0 0 0
Diploperla robusta 2.7 PR CL 0 0 1
Isoperla sp. 1.8 PR CL 3 3 0 5
Malirekus hastatus 1.15 PR CL 0 0 2 2
Yugus kirchneri 0 PR CL 0 0 14 2 16
Megaloptera 0 0 0
Corydalidae 0 0 0
Nigronia fasciatus 5.6 PR CL 4 0 1 1
Nigronia serricornis 5 PR CL 1 1 0 0
Sialidae 0 0 0
Sialis sp. 7.2 PR 7 1 8 0 0
Trichoptera 0 0 0
Hydropsychidae 4 CF CL 0 1 1 0
Homoplectra sp. CF 0 0 1 1
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PAI ID NO 50079 50080 TOTAL 50081 50082 TOTAL 50083 50084 TOTAL
2017-KY 2017-KY 2017-KY 2017-KY 2017-KY 2017-KY 2017-KY 2017-KY 2017-KY
STATION KN MH KN MH KN MH
Study Study Study ControlA  ControlA  ControlA  Control B Control B Control B
DATE 4/19/2017 4/19/2017 4/19/2017 4/20/2017 4/20/2017 4/20/2017 4/19/2017 4/19/2017 4/19/2017
SPECIES TV. FFG. CL
Hydropsyche depravata gp. 7.8 CF CL 12 12 11 15 0
Diplectrona modesta 2.2 CF CL 0 37 5 42 1 1
Hydroptilidae 0 0 0
Hydroptila sp. 6.2 PH CL 0 4 4 0
Philopotamidae 0 0 0
Wormaldia sp. 0.7 CF CL 0 0 2 2
Uenoidae 0 0 0
Neophylax aniqua 2.2 SC CL 0 0 1
Neophylax wigginsi 2.2 SC CL 0 0 2
Neophylax sp. 2.2 SC CL 1 1 0 0
Coleoptera 0 0 0
Dryopidae 5 SC 0 0 0
Helichus basalis 4.6 SC CL 2 2 0 0
Elmidae 0 0 0
Stenelmis crenata 5.1 SC CL 1 1 0 0
Stenelmis sp. 5.1 SC CL 10 10 0 0
Hydrophilidae 0 0 0
Hydrobius sp. 8.3 PH 5 5 0 0
Diptera 0 0 0
Ceratopogonidae 0 0 0
Bezzia/Palpomyia gp. 6.9 PR 1 1 0 0
Chironomidae 0 0 0
Chaetocladius sp. CG 0 0 4 4
Conchapelopia sp. 8.7 PR 16 7 23 6 2 8 0
Cricotopus sp. 7 SH 5 5 19 19 0
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PAIID NO 50079 50080 TOTAL 50081 50082 TOTAL 50083 50084 TOTAL
2017-KY 2017-KY 2017-KY 2017-KY 2017-KY 2017-KY 2017-KY 2017-KY 2017-KY
STATION KN MH KN MH KN MH
Study Study Study ControlA  ControlA  ControlA  Control B Control B Control B
DATE 4/19/2017 4/19/2017 4/19/2017 4/20/2017 4/20/2017 4/20/2017 4/19/2017 4/19/2017 4/19/2017
SPECIES TV. FFG. CL
Cricotopus bicinctus 8.5 SH 5 1 6 30 1 31 0
Diamesa sp. 8.1 CG 7 7 8 9 1 1
Heterotrissocladius marcidus 5.4 CG 0 1 0
Larsia sp. 9.3 PR 0 0 3 3
Limnophyes sp. CG 4 1 5 0 0
Micropsectra sp. 15 CG 0 0 1 1
Orthocladius sp. 7.3 CG 2 98 5 103 0
Parametriocnemus sp. 3.7 CG 6 4 10 8 3 11 4 6 10
Paratendipes
albimanus/duplicatus 9.2 CG CL 0 2 1 3 0
Polypedilum fallax gp. 6.4 SH 0 0 2 2
Rheotanytarsus exiguus gp. 6.4 CF 0 2 0
Tvetenia paucunca 3.65 CG 0 6 1 1
Zavrelimyia sp. 9.1 PR 2 2 0 0
Empididae 0 0 0
Clinocera sp. 8.1 PR CL 0 0 1 1
Hemerodromia sp. 8.1 PR 7 7 3 3 0
Neoplasta sp. 0 4 4 1 1
Roederiodes sp. 3 3 0 0
Simuliidae 0 0 0
Simulium vittatum 8.7 CF 0 11 5 16 0
Tipulidae 0 0 1 1
Hexatoma sp. 431 PR 0 0 1
Limnophila sp. 4.9 PR 0 0 2
Ormosia sp. 4.9 CG 0 0 1
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PAI ID NO 50079 50080 TOTAL 50081 50082 TOTAL 50083 50084 TOTAL
2017-KY 2017-KY 2017-KY 2017-KY 2017-KY 2017-KY 2017-KY 2017-KY 2017-KY
STATION KN MH KN MH KN MH
Study Study Study ControlA  ControlA  ControlA  Control B Control B Control B
DATE 4/19/2017 4/19/2017 4/19/2017 4/20/2017 4/20/2017 4/20/2017 4/19/2017 4/19/2017 4/19/2017
SPECIES TV. FFG. CL
Pseudolimnophila sp. 7.22 SH 2 5 0 0
Tipula sp. 7.3 SH 8 3 11 3 3 0
TOTAL NO. OF ORGANISMS 161 34 195 318 57 375 303 53 356
TOTAL NO. OF TAXA 31 12 33 22 17 26 34 12 39
EPT 6 2 6 6 4 6 19 7 20
mHBI 5.96 6.31 5.75 5.03 2.50 3.16
m%EPT 36.02% 20.59% 31.13% 56.14% 92.08% 75.47%
%Chir+%0lig 31.68% 41.18% 61.01% 26.32% 3.63% 22.64%
%Clingers 21.12% 0.00% 16.98% 19.30% 23.43% 26.42%
% Ephemeroptera 0.62% 0.00% 7.55% 12.28% 23.76% 15.09%

Page | 48



Appendix B



Assessing causes of biological impairment to an unnamed tributary in the Hall Fork Watershed: Kentucky

Study Reach

Hall Fork

Figure 27. Mineral deposition on benthic substrate in Study Reach near the bottom of the Study Reach.
Credit: Brian Dailey (OSM) — February 2, 2017.
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Figure 30. Control A view upstream. Note there is no ochre colored deposition on the benthic substrate.
Credit: Brian Dailey (OSM) — April 20, 2017
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Figure 31. Control B view downstream from top of reach. Note there is a gravel road on the top of the
right bank and no ochre colored deposition on the benthic substrate. Credit: Brian Dailey (OSM) — April
19, 2017.

e X

Figure 32. Control B view upstream from bottom of reach. Credit: Brian Dailey (OSM) — April 19, 2017.
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Study Reach
Sampling Site

Study Reach
Sampling Site

Figure 33. Aerial imagery of Study Reach watershed from 1979 and 1983. Watershed boundary is
outlined in red. Note the absence of surface mine activity in 1979 and the presence of mining and a
“hollowfill” in 1983. Images retrieved from EarthExplorer (U.S. Geological Survey, 2018).
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