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Abstract

CHRONIC TOXICITY TESTING IN
MINING INFLUENCED STREAMS OF WEST VIRGINIA

By Leah J. Bitzer

Whole effluent toxicity (WET) tests have become ammon tool in the
evaluation of effluent for discharge acceptability.this study, four years of toxicity data
from 119 sampling locations were analyzed to detenmelationships with ions and
conductivity as indicators of toxicity. West Virga Stream Condition Index (WVSCI)
scores were also examined to evaluate correlabehseen stream scores, conductivity,
and IC25 endpoints from toxicity results. Condutyiwas not an indicator of toxicity in
the range of conductivities tested. Streams dotihdy mining effluent sometimes
exhibited toxicity toCeriodaphnia dubia; however, toxicity was not found to be related
to ionic concentration in the range tested. Altfloumortality and reproductive
impairment were often demonstrated in the mininduent dominated streams, there
were no relationships established between sunawdl reproductive endpoints and the
ionic concentrations. Benthic macroinvertebrate mamities in the streams sampled
indicated some level of impairment. Only a wedktrenship was demonstrated between
habitat assessment scores and WVSCI scores. Narapprelationship between

conductivity and WVSCI was observed.
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Chapter 1

Introduction

Coal is a combustible material formed from the remaf living plants that
flourished millions of years ago in swamp-like arealayers of fallen plant material
accumulated and partially decayed in wet envirortsém form a substance called peat.
Over time, peat was compressed under sand and miicheated by the earth to be
transformed into coal (Plummet al., 1999). Coal is an organic compound primarily
composed of carbon, hydrogen, and oxygen with fess®unts of sulfur and nitrogen
(Ragland and Bryden, 2011).

Coal is used to generate heat, produce electraity make steel and industrial
products. Simple burning of coal produces heahfones and industries. About 88% of
the present use of coal in the United States igéorerating electricity (Plummet al.,
1999). After oil and natural gas, coal is ourdhinajor energy source (Plummetral.,
1999).

Coke is a hard material produced when coal is deaithout air at approximately
1,000°C. Coke is used to smelt iron ore for thedpction of steel. Coal tar, a sticky
black liquid derived from coke, is used for paviogds and tarring roofs (EFMR 2009).
The extraction and distillation of coal tar intqpaeate compounds produces a variety of
products for making drugs, plastics, paints andrsftic fibers (EFMR 2009).

The two main types of coal mining are undergroumdl asurface (strip).

Underground mining involves the removal of coal @sfs, often hundreds of feet below



the earth's surface. Shafts or tunnels are dugtirg coal layers and widened to allow
room for miners and equipment. Surface mining neesahe soil and rock over a coal
seam to expose the coal. The excess overburdafters stacked in piles to be used to
construct original contours after mining or dispb®é in constructed fills in valleys or
hollows (McElfish and Bier, 1990).

Disposing of large quantities of materials can behallenge for the mining
industry. Erosion from waste rock piles or runaffer heavy rainfall may increase the
sediment load of nearby water bodies (Pembal., 2006). In addition, mining may
modify stream morphology by disrupting a channeleding stream flows, and/or
changing the slope or bank stability of a streaamciel.

Mine drainage has a combination of elements thatimi@ract to cause a variety
of effects on aquatic life. In the northern Apmdlians and Allegheny Plateau, certain
coal strata have higher sulfur content and tendatase acidic mine drainage (AMD)
(Pondet al. 2008). Advances in mining technology allow foridabase accounting in
overburden so that alkaline amendments can be naderevent or minimize the
formation of AMD from surface operations (Lotterreo2010). The overall effect of
mine drainage is also dependent on the flow, pid, akalinity or buffering capacity of
the receiving stream. The higher the concentratiobicarbonate and carbonate ions in
the receiving stream, the higher the buffering cdpand the greater the protection of
aquatic life from adverse effects of acid mine wagie (Kimmel 1983). Alkaline mine
drainage with low concentrations of metals may Hétle discernible effect on receiving
streams, whereas acid mine drainage with elevatgdlmoncentrations discharging into
headwater streams or lightly buffered streams @@ Isignificant effects on the aquatic
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life. A study was conducted in western Pennsylwvaom the effects of constant and
intermittent acid mine drainage on insect faunahe Tresults showed that, under
conditions of constant acid mine drainage, the @tlnEphemeroptera and Plecoptera
were completely eliminated. The Trichoptera, Meg#&tra and Diptera were reduced in
number of species.Ptilostomis (Trichoptera),Salis (Megaloptera) andChironomus
attenuatus (Diptera) were tolerant of the conditions produbgdcid mine drainage. The
non-benthic Hemiptera and Coleoptera were littldecdéd and developed large
populations in the stations damaged by acid miaedge. Under intermittent acid mine
drainage, a diverse but slightly depressed insmaotd was able to develop (Roback and
Richardson, 1969).

All natural water contains dissolved minerals. Q@umon ions in freshwater
include bicarbonate, sulfate, calcium, sodium, aiida (Weber-Scannell and Duffey,
2007). Adverse effects can occur in aquatic oggasi when common ions exceed a
certain concentration, when the normal composifratio) of ions is not correct, or in
some cases when ion concentrations are too lowASEI004a). Several common ions
can be toxic to aquatic organisms when presentoatentrations above or below
biologically-tolerable concentrations (SETAC 2004dYlount et al. (1997) conducted
laboratory testing and established a databaseecf¢hte toxicity of seven major ions to
three freshwater organisms and developed statisbix@ity models.

Conductivity is a measure of the ability of watergass an electrical current.
Specific minerals influence the conductivity valddferently. Specific conductance
(uS/cm) increases with increasing concentration®ta dissolved solids (Lind 1979).
Conductivity above 2,000 uS/cm or TDS above 1,34flLmrepresent conditions that
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may adversely affect freshwater organisms (Gooulfelt al., 2000). Conductivity in
water is affected by inorganic dissolved solidshsas chloride, nitrate, sulfate and
phosphate anions or sodium, magnesium, calcium, aond aluminum cations. Organic
compounds like oil, phenol, alcohol, and sugar dbconduct electrical current very well
and therefore have a low conductivity when in wgBpellman 2009).

Total dissolved solid (TDS) is a direct measurealbfconstituents dissolved in
water while conductivity is an indirect approxinmati Changes in TDS levels and
individual cations and anions can occur from a etgriof anthropogenic sources
including industry and resource extraction suchmaging and gas well development
(Fillo et al., 1992). Toxicity of TDS to aquatic life dependson the combinations and
concentrations of the ions in solution which mayehadditive or synergistic properties
and is not predictable from TDS concentrations @l@hapmaret al., 2000). There is
no sulfate or TDS federal water quality criteriar the protection of freshwater aquatic
life. Elevated TDS can be toxic to freshwater asnby causing osmotic stress and
affecting the osmoregulatory capability of the arigan (McCullochet al., 1993).

Sulfate is widely distributed in nature and mayfdresent in natural waters at
concentrations ranging from a few to several humandligrams (lowa DNR 2007). In
coalfield streams, TDS is most often dominated onaas basis by the dissolved anions
sulfate and bicarbonate, with elevated concentratigelative to reference streams) of
calcium, magnesium, sodium, potassium, and chlalde common (Ponet al., 2008;
Mount et al., 1997). Kennedyet al. (2003) exposedCeriodaphnia dubia to

sulfate-dominated mine effluent and observed dipnit effects on survival and



reproduction at specific conductivities of approately 6,000 and 3,700S/cm (approx.
4,200 and 2,590 mg/L TDS), respectively.

The physical alteration of water bodies in Westfira, including wetlands and
streams, are regulated by federal and state statmiger Section 401 (Certification) and
Section 404 (Permits) of the Federal Clean Water (A872). The Clean Water Act
allows industries to discharge effluent to strea®dong as the standards that are set in
place are met and the aquatic resource is notfsignily impacted. Under Section 404
of the Clean Water Act, the United States Army Gord Engineers regulates the
discharge of dredged and/or fill material in watefréhe U.S. and under Section 10 of the
Rivers and Harbors Act of 1899, the United StatesmCorps of Engineers regulates
work in navigable waters of the United States. ti8ac401 of the Clean Water Act
requires that any applicant for a Section 404 permtso obtain a Water Quality
Certification from the State. The purpose of thtiication is to confirm that the
discharge of fill materials will be in compliancetiwthe State’s applicable Water Quality
Standards. The National Pollutant Discharge Elaian System (NPDES) permit
program, authorized by the Clean Water Act, costvehter pollution by regulating point
source discharges into water of the United St&8&3 AC 2004b).

For coal mining, permits must be submitted to tte#esand federal agencies to
characterize any and all impacts to aquatic ressurc The agencies review the
applications to ensure that environmental lawsadreyed. If the permit application is
granted, the resources are monitored prior tonduand after any impact to the resource.
The results are provided to the federal and sig¢@@es to review the data to ensure the
impacts are not exceeding any water quality statsdain the event that the biological
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community is significantly impacted, the violatar fiequired to mitigate the impact or
return the aquatic resource to its pre-impact dordi

Permits often include whole effluent toxicity (WETests as a monitoring
requirement and sometimes for compliance determmdSETAC 2004b). “WET” is a
term used to describe the adverse effects or tgximia population of aquatic organisms
caused by exposure to an effluent. Toxicity canekperimentally determined in a
laboratory by exposing sensitive organisms to effts using WET tests. WET testing is
used to assess and regulate the combined effeatsaanstituents of a complex effluent
rather than the conventional methods of controlling toxicity of single chemicals or
constituents.

WET testing determines the specific toxicity, ertteeute or chronic, of the
effluent being discharged into the streams so distharges can be regulated to prevent
in-stream effects. Acute tests are conducted 4or 26 hours and usually focus on how
well an organism survives. Chronic tests are cotetlfor 7 days and evaluate survival,
growth and/or reproduction (USEPA 2002). The effilis collected from a discharge
point and sent to a WET testing laboratory. Atldie a serial dilution is prepared which
tests the effluent at full concentration and sedvetdutions to determine which
concentration may not meet the federal or statedstal. WET testing exposes
laboratory populations of aquatic organisms suclfigds invertebrates, and algae to
diluted and undiluted effluent samples under cdigrioconditions in order to estimate
the environmental toxicity of that sample.

The objective of aquatic toxicity tests with efffug is to estimate the "safe" or
"no effect" concentration (NOEC) of these dischargehich is generally defined as the
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concentration with no significant difference in radity, growth, or reproduction in the
test organisms (USEPA 2002). The NOEC is a conatnn believed to be protective of
aquatic life in the receiving waters. The LC5Qhse lethal concentration to 50% of the
population. The NOEC is the no observable effeciscentration where no statistical
differences from the control are observed. The COE the lowest observable effect
concentration and the IC25 is the 25% inhibitiomantration. The NOEC and the
LOEC are determined by significance testing white tLC50 and the IC25 are
determined by regression analysis.

Information gained from WET tests is used to evi@ube impact of the effluent
sample on survival, growth, reproductive capadtyd normal development of the test
population. The data provide an estimate of th&centration above which detrimental
impact from the effluent would be predicted to adcuthe receiving stream.

In addition to laboratory testing, effects of diaodes on aquatic communities are
evaluated by monitoring in-stream communities. tBenmacroinvertebrates are the
most common stream organism used in biomonitoring th their importance in the
stream community. Benthic macroinvertebrates airéyfubiquitous and extremely easy
to collect (Cummins 1975) and are ideal due tortbedentary nature (Resh and Jackson,
1993). Benthic macroinvertebrate communities argoad bioindicator because they
integrate effects of stressors over the life cyaleeach taxon (Barbouet al., 1999).
According to Southerland and Stribling (1995), Ibémtmacroinvertebrates are used in
90% of the state water quality assessment progrmathe United States.

A 0.5 meter kick-net is commonly used to collectfoair-sample composite
benthic macroinvertebrate sample in riffle/run se of stream channels. Samples are
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composited, field sieved, and preserved for ideaiifon. Samples are picked and
identified to the genus level using appropriateoteomic keys with a target of 180
organisms (WVDNR 2008). The genus level benthicnmavertebrate community data
are evaluated using a series of metrics which dedutaxa richness, Ephemeroptera,
Plecoptera, and Trichoptera (EPT) taxa richness;epé EPT, percent two dominant
taxa, percent Chironomidae, and Hilsenhoff Biotiddx (HBI) (Barbouret. al., 1999).
Each metric responds to disturbance in a speciiomar. Taxa richness and EPT taxa
richness are measures that provide information warall and EPT-group specific
taxonomic variety or diversity of the aquatic commty (Barbouret. al., 1999).

EPT are the sensitive Ephemeroptera (mayflies)cdptera (stoneflies), and
Trichoptera (caddisflies) taxa. Percent EPT andgye Chironomidae are taxonomic
compositions that provide information on the makestithe community and the relative
contribution of a group to the total population (Baur et al., 1999). Percent two
dominant taxa is a composition measure, but it 9gally classified with tolerance
measures. Tolerance measures are intended tpiaseatative of the relative sensitivity
to perturbation and may include numbers of pollutimlerant and intolerant taxa
(Barbouret al., 1999). The Hilsenhoff Biotic Index (HBI) is alsotolerance measure
which was originally designed to evaluate orgarotiytion. HBI rates the tolerance of
the community on a 0 to 10 scale with O being pgaiuintolerant (Barbouet. al., 1999).
The WVSCI is a multi-metric index that combines figrevel data describing the
aforementioned six measures into a single valuehvig representative of the overall
community health. The WVSCI provides a total sclaneeach site with a range from
Oto 100. Each score is also assigned a narrégée Unimpaired and Impaired).

8



WVSCI scores are applicable to kick-net sampleshvire identified to the family level.
As an indicator of overall community health, the BW score is used to evaluate

whether the narrative criteria are being met iaastrs.



Objectives
In recent years, | have been involved with the dco@listry monitoring streams and have
conducted sampling for WET testing and benthic wiagertebrate evaluations. | would
like to use the available data to answer questo@ntining to the impacts of mining on
downstream aquatic resources.
The specific objectives of the stream toxicity stade as follows:

1) Because conductivity is an indicator parameter,réiationship
with individual ions, such as sulfate, will be dmped and
examined as an indicator of toxicity

2) To determine if mining effluent is toxic to sengdilaboratory
test organisms

3) If so, to determine whether toxicity is related tiwe ionic
concentration of mining effluent

4) And to demonstrate what level of stream condugtivi
associated with toxicity

5) To determine if stream impairment, as indicated Wy SCI
scores, is related to laboratory toxicity

6) To determine if stream impairment, as indicated Wy SCI
scores, is related to conductivity.

Objectives 1 - 4 will be presented in Chapter 2§ @bjectives 5 and 6 will be

presented in Chapter 3. Chapter 4 will be a sumraad conclusions of the

research.
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Chapter 2
Toxicity Testing
Introduction

Natural fresh waters contain several ionic constita at greater than trace levels.
lons such as sodium, calcium, magnesium, potassibharide, sulfate, and bicarbonate
are required to support aquatic life. Total digedl solids (TDS) are a measure of all
constituents dissolved in water. Elevated levélSDS have been suggested as stressors
to aquatic life in streams influenced by coal min(Timpano 2010). Sulfate ions are
known to be elevated in mining activity area reosej\streams (Moundt al., 1997).

Some effluents are toxic because of imbalancekandn environment to which
the test organisms are exposed (Goodfeleval., 2000). Toxicity can occur if ion
concentrations are too low or too high for aquatganisms to osmoregulate properly.

Aquatic organisms have developed physiological raeigdms to balance water
and ion concentrations in their body fluids. Aareeal of metabolic energy is spent
trying to regulate water and ions (SETAC 2004a)ham@es in the concentration or
composition of ions over long periods of time canse an organism to expend too much
energy trying to regulate water and ions. This mesult in chronic stress affecting
important functions and can result in death (SETZ@4a). The toxicity level and
relative toxicity of common ions are well-documeah{®ountet al., 1997). There is also
much evidence that the presence of two or moregansameliorate the expected toxicity
and result in lower toxicity levels than expectadifdividual ionic testing (Soucek and
Kennedy, 2005). The relationship between toxi@atyd specific ions is linear and
predictable and can be used in determining saf@sexp concentrations (Soucek and
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Kennedy, 2005). Currently, no federal water qyatititeria exist for the protection of
aquatic life for several individual ions like sulaor for TDS. WET testing has been
used as part of the NPDES permitting process ttuateacomplex effluents, specifically
those with potential toxicity not protected by sfieaumeric criteria. WET testing has
recently been employed to evaluate the toxicititigh conductivity discharges in mining
influenced streams.

The water quality downstream of mining activity chave elevated levels of
naturally occurring ions including S0OCa, Mg, Fe, Mn, Se, alkalinity, K, acidity, and
NOs/NO, (Bryantet al., 2002). In addition to dissolved solids, totaspended solids
may also be elevated below mining activities. Bwuht runoff is controlled through a
series of sediment-control structures and ponds, egess fine sediment might be
increased in streams downstream of valley fills I&Viand Brogan, 2003). Physical
effects, such as increased turbidity from soil Emsaccumulation of coal fines, and
smothering of the stream substrate from precigtatetal compounds, may also occur
(Parsons 1968; Warner 1971).

The correlation between increasing TDS or condugtiand toxicity may vary
with ionic composition and therefore may not be thest predictor of toxicity
(Goodfellow et al., 2000). If the conductivity of a freshwater eéht is above 2,000
ps/cm, the concentration of dissolved solids canhigh enough to adversely affect
freshwater test species (American Petroleum Instit998). The objective of the current
study is to examine the potential toxicity of migireffluent dominated streams to

establish whether mining discharges are toxic teatig organisms and to relate toxicity
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found to specific discharge constituents, spedlificahose contributing to overall
conductivity or TDS measurements.
Materials and Methods

Sampling sites included in this study are seledtedh watersheds in West
Virginia influenced by mining activityRigure 1). Two coal companies were required to
conduct semi-annual WET in streams receiving diggsa where conductivity values
greater than 1,500 ps/cm had been recorded in tyodibcharge monitoring. WET
testing was conducted December 2008 to Septemldr 20ne coal company (Company
1) conducted testing at 71 sites, with 29 sitesdaampled semi-annuallygble 1).
Company 2 consisted of 48 sampling locations, vi#hsites sampled semi-annually
(Table 2. Combined, there are 119 WET test results. Ssamepling locations were

tested multiple times.
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Figure 1 — Sampling Locations for WET Testing
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Table 1 - Stream Sampling Locations - Company 1

Mine Sampling Location
Company 1 Bias Branch
Company 1 Big Creek
Company 1 Downstream Fifteen Mile Fork
Company 1 Hardway Branch
Company 1 Hardway Pond @ Location PM 236
Company 1 Horse Creek
Company 1 Hughes Fork off Bells Creek
Company 1 Laurel Creek
Company 1 Lilly Fork @ PM 89
Company 1 Line Creek
Company 1 Mammoth Site 1
Company 1 Mammoth Site 2
Company 1 Mouth of Robinson Creek

Mouth of Robinson Creek @ PM 2

Company 1 location
Company 1 Mudlick Fork x3
Company 1 Hardway Pond
Company 1 No Name
Company 1 PM 260 Inlet
Company 1 PM 316 Pond
Company 1 Robinson Creek
Company 1 Robinson North @ PM 181
Company 1 Sixmile off Hughes Creek
Company 1 Slip Ridge
Company 1 Spruce Laurel Fork
Company 1 Stollings Fork
Company 1 Taylor Fork
Company 1 Twenty Mile Creek
Company 1 UBB Area of Jarrells Branch
Company 1 Upstream Fifteen Mile Fork
Company 1 West Fork
Company 1 Bandmill Below 016
Company 1 Below 033 on 20 Mile Fork
Company 1 Delbarton below 400
Company 1 ICC Below 031
Company 1 James Creek below 015
Company 1 Mammoth below 004
Company 1 Marfork Below 018
Company 1 029 on Radner Fork of 20 mile
Company 1 013 Robinson North on 20 mile
Company 1 001 on Sugarcamp
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Table 2 — Stream Sampling Locations - Company 2

Mine Sampling Location
Company 2 Ballard Branch
Company 2 Calvin Branch
Company 2 Sycamore Fork
Company 2 Tenmile Fork
Company 2 Cow Creek
Company 2 Joes Creek
Company 2 Left Fork
Company 2 Stanley Fork
Company 2 Jarrell Branch
Company 2 White Oak
Company 2 Mud Lick Branch
Company 2 Jack Smith Branch
Company 2 West Fork
Company 2 Cabin Creek
Company 2 Coal Fork
Company 2 Seng Creek
Company 2 Tom’s Fork
Company 2 Little White Oak
Company 2 UNT Left Fork
Company 2 UNT Tenmile Fork
Company 2 UNT Boone Block Hollow
Company 2 Big Horse Creek
Company 2 Pond Fork
Company 2 Moccasin Hollow
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WET testing was conducted under low summer/fallditions and higher flow
winter/spring conditions. Field water quality measnents were taken at the time of
sample collection by both companies. Field paramaneasured included conductivity,
pH, temperature, and dissolved oxygen. Additiomater quality parameters requiring
laboratory analysis were measured at samplingostfor Company 1 from the initiation
of WET testing in the spring and fall of 2011. Tdwdditional parameters included: total
alkalinity, total acidity, turbidity, specific comdtance, total sulfates, chlorides, total and
dissolved iron, total and dissolved manganese| &rtd dissolved aluminum, total and
dissolved sodium, total and dissolved magnesiutal amd dissolved calcium, total and
dissolved hardness, total suspended solids, aatld@solved solids. Additional water
qguality parameters requiring laboratory analysisemmeasured by Company 2 in the
winter of 2011 and fall of 2011. The additionakgraeters included: bicarbonate, lab
tested specific conductance, sulfate, and totalotlire solids. In 2011, additional water
guality analyses were collected along with WET itgstas described by the West
Virginia Department of Environmental Protection (\WEP) Permitting Guidance for
Surface Coal Mining Operations (2010a).

Water for toxicity testing must be collected thtemes during the course of the
seven-day test. Water was collected, to the extetical, from mid-channel, mid-depth
locations. It was collected in dedicated 1 galtabitainers and stored in coolers on ice
during transport to the laboratory.

The freshwater microcrustacedbariodaphnia dubia were used in the seven-day
chronic toxicity tests consistent with United Ssatenvironmental Protection Agency
(USEPA) Method 133. Organism mortality and repthin were endpoints.
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Ceriodaphnia dubia can be used in short-term standardized teststitoas the acute or
chronic toxicity of chemicals, effluents, and frestter receiving systems (Nadedial.,
1995; Stewartet al., 1990; Nimmoet al.,, 1990). The use of this animal as a
representative aquatic organism in such tests ssifigd in part because it has a
widespread geographic distribution and holds a@rinédiate position in planktonic food
webs; it consumes algae and detritus and, in tsriconsumed by various predators
(Stewart and Konetsky, 1998Feriodaphnia dubia is also convenient to use because it is
sensitive to various toxic chemicals, easily rearader laboratory conditions, and has a
moderately short life cycle (Mount and Norberg, 498

Toxicity tests were conducted at laboratories thate National Environmental
Laboratory Accreditation Conference (NELAC) ceddi The water samples were
diluted at control concentration, 6.25% concertrati12.5% concentration, 25.0%
concentration, 50.0% concentration, and 100.0% extnation.

Results
Field Water chemistry

In 2008, the conductivity ranged from 28&/cm at Spruce Laurel Creek to 2,540
pnS/cm at Mudlick ForkTable 3, Appendix A). The dissolved oxygen ranged from 9.19
mg/L at Robinson Creek to 11.33 mg/L at Line Credlihe temperature at the time of
collection ranged from 3.0°C at Big Creek to 16.HiGNest Fork. The pH ranged from
5.93 S.U. at Taylor Fork to 8.13 S.U. at West Fork.

In 2009, the conductivity ranged from §&/cm at Mammoth Site 2 to 2,990
nS/cm at Joes CreelKdble 4, Appendix A). The dissolved oxygen ranged from 9.10
mg/L at Jarrell Branch to 12.50 mg/L at Sixmile éftighes Creek. The temperature
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ranged from 1.1°C at upstream fifteen mile to 18.@t Jarrell Branch. The pH ranged
from 6.72 S.U. at the Downstream Fifteen Mile Farl8.57 S.U. at Mammoth Site 1.

In 2010, the conductivity ranged from 2p5/cm at Little White Oak to 3,074
pnS/cm at Twentymile CreeR éble 5, Appendix A). The dissolved oxygen ranged from
4.0 mg/L at UBB Area of Jarrells Branch to 14.71/imgt White Oak. The temperature
ranged from 2.6°C at Horse Creek to 22.5°C at MutdBranch. The pH ranged from
5.25 S.U. at No Name to 10.40 S.U. at Mudlick Fork.

In 2011, the conductivity ranged from 10%/cm at below 033 on 20 Mile Fork
to 2,412 uS/cm at Tom’s ForK&ble 6, Appendix A). The dissolved oxygen ranged
from 6.90 mg/L at Delbarton below 400 to 12.00 mgiLlWest Fork. The temperature
ranged from 4.0°C at Bandmill below 016 and Marftsdow 018 to 26.8°C at ICC
below 031. The pH ranged from 6.50 S.U. at bel@& O6n 20 Mile Fork to 8.94 S.U. at
Moccasin Hollow.

Additional water data were collected for Companynithe spring and fall of
2011. Spring sampling occurred in May and Jun@Qifl. Fall sampling occurred in
October and November of 2011. The pH was in tloeatable range of 6 to 9 S.U. at all
sampling sites during the spring and fall sampérgnts Tables 7 and 8, Appendix A
Total and Dissolved ions measured included ironngaaese, aluminum, sodium,
calcium, and hardness concentrations. Total ir@mh rebt exceed the water quality
standards of 1.5 mg/L andrigure 2). Total manganese exceeded the water quality
standard of 1.0 mg/L at the Sugarcamp and Radmepls®y locations Figure 3). Total
Aluminum did not exceed the water quality standafr@.75 mg/L at any of the sampling
locations Figure 4). Total and dissolved sodium concentrations wike2same in the
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spring and fall of 2011 Figure 5).

Total and dissolved

ion concentrations for

magnesium and calcium were equal, indicating theemia not saturated with respect to

those constituent$-{gure 6).

Iron (mg/L)
o
(6)]

]
>
»
3
>

Sampling Location

m Total Iron Spring 2011
A Total Iron Fall 2011

Dissolved Iron Spring 2011
Dissolved Iron Fall 2011

Non detect values represented as 0.0035 mg/L

Figure 2 - Total and Dissolved Iron Concentrationgrom Sites Sampled in the

Spring and Fall 2011

20



3
2.5 =
— A
- 2
S
E A
© 15 +—x
[}
A y
% 1~ * * X Whter Quality Standard * * -
= 05
0 R R [ R 7 ) A K_
N D
@Q o‘\j‘- &\e, Q,le- Q (\o‘\ \OO @% 0@ {\0&
& \ & (O P S & @
> OQ <& 2} Q}\O o @
KU ¢ S T W
S @ N
Q~ . .
Sampling Location
m Total Manganese Spring 2011 Dissolved Manganese Spring 2011
A Total Manganese Fall 2011 Dissolved Manganese Fall 2011

Figure 3 — Total and Dissolved Manganese Concentiahs from Sites Sampled in
the Spring and Fall 2011

21



0.6
0.5 .
= 0.4+
(@]
13 A A
% 0.3 [ | A
[ ]
E . A
5 0.2
< n
0.1 A . - - 4
[} n A
0
S & & F & F Q& &
S \ £ P F NS & &
& & <& 2 & 0 & <
& g Q RN
=) § N
<& Sampling Location
= Total Aluminum Spring 2011 Dissolved Aluminum Spring 2011
A Total Aluminum Fall 2011 Dissolved Aluminum Fall 2011

Figure 4 — Total and Dissolved Aluminum Concentratins from Sites Sampled in the
Spring and Fall 2011

22



160

140
120

100 -
80 -
60 -

Sodium (mg/L)

40

&
(\6

NS
(\o"
@’0’

N
N
@’b‘

Sampling Location

m Total Sodium Spring 2011
A Total Sodium Fall 2011

Dissolved Sodium Spring 2011
Dissolved Sodium Fall 2011

Figure 5 — Total and Dissolved Sodium Concentratianfrom Sites Sampled in the

Spring and Fall 2011

23




250
200
]
< 150 - . . "
(@] ]
£ =
|
E 100 +—m | =
‘S [ [ ] m |
[0} L | | ™
c
o)) ]
@
g 50 ) . = 3
0 |
3 & & él‘ \ OQ O N & \\j"
,O'QQ «° N @ Q(Q é\ \CJ &K\ @0 {\O
N N g O v S & &
& <& o P > & N\
O & & < Q K
RN 4 - -
<& Sampling Location
m Total Magnesium Spring 2011 = Total Magnesium Fall 2011
m Total Calcium Spring 2011 Total Calcium Fall 2011

Figure 6 — Total Magnesium and Calcium Concentratias from Sites Sampled in the
Spring and Fall 2011

Mount et al. (1997) developed a DOS-based model effective @mtiflying ion
toxicity to 3 freshwater organismsCdriodaphnia dubia, Daphnia magna, and
Pimephales promelas). Using the model developed by Mount, stream tmxicity for
Company 1 was calculated using spring (May/Jund)fah (October/November) 2011
water data. lon imbalance was demonstrated foreda@reek, Delbarton, ICC, and
Marfork in the spring of 2011T@able 9, Appendix A). Predicted percent survival in
100% stream water ranged from 84.6% to 99.9% iselsmamples. lon imbalance was
demonstrated for Mammoth, ICC, James Creek, anbdpeln, in the fall of 2011T@ble
10, Appendix A). Predicted percent survival in 100% stream wedaged from 84.6%
to 99.9% in these samples. When comparing the geztiresults from Mount’s model to
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the measured results for 100% stream water survivalresults were consistent except
for James Creek and Mammoth in the fall of 2011oukt’s model predicted a survival
rate of 84.6% in the 100% concentration; howeves, dctual result was 100%. James
Creek had a predicted survival rate of 99.7%; harethe actual result was 70%.

TSS ranged from non detect to 13 mg/L during threngpof 2011 and non detect

to 9 mg/L in the fall of 2011Rigure 7). Radner had the highest TSS in both sampling

events.
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Figure 7 — Total Suspended Solid Concentrations fra Sites Sampled in the Spring
and Fall 2011

Radner, Sugarcamp, ICC, James Creek and Mammothdeaninated by sulfate

in the 2011 samplingH{gures 8 - 13) Total Alkalinity was abundant at Marfork and

25



Delbarton in the spring of 201Figures 14 -15. Potassium levels were estimated based

on professional judgment because it was not andlyzepring and fall 2011.

m Total Calcium

o Potassium

O Total Magnesium
@ Total Sodium

@ Chlorides

@ Total Alkalinity

m Total Sulfates

Values are reported in mg/L

Figure 8 - Major lonic Constituents in
Water Collected from Radner in Fall 2011
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O Potassium
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Figure 9 - Major lonic Constituents in Water Colleded

from Sugarcamp in Fall 2011
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O Potassium
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m Total Sulfates

Values are reported in mg/L

Figure 10 - Major lonic Constituents in
Water Collected from ICC in Fall 2011
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Figure 11 - Major lonic Constituents in

Water Collected from James Creek in Spring 2011
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O Total Magnesium
552.16 m Total Sodium
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Values are reported in mg/L

Figure 12 - Major lonic Constituents in
Water Collected from Mammoth in Fall 2011
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Figure 13 - Major lonic Constituents in

Water Collected from Bandmill in Spring 2011
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Figure 14 - Major lonic Constituents in
Water Collected from Marfork in Spring 2011
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@ Total Sodium
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Values are reported in mg/L

Figure 15 - Major lonic Constituents in
Water Collected from Delbarton in Spring 2011

The strongest relationship was observed betweennthieator parameters TDS
and conductivity Figure 16). A lower correlation was observed between sultatd
conductivity (Figure 17). There was relationship observed between suHate TDS
(Figure 18). There was a prominent relationship between nmagnmeand conductivity
(Figure 19). The relationship between conductivity and cliderivas weakHigure 20).
There was no correlation between bicarbonate anddumtivity (Tables 11-12,

Appendix A) (Figure 21).
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Figure 16 - Relationship between Total Dissolved 8ds and
Conductivity in Mine Influenced Streams
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Figure 17 - Relationship between Sulfate and
Conductivity in Mine Influenced Streams
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Figure 18 - Relationship between Sulfate and
Total Dissolved Solids in Mine Influenced Streams
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Figure 19 - Relationship between Magnesium and
Conductivity in Mine Influenced Streams
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Conductivity in Mine Influenced Streams
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Figure 21 - Relationship between Bicarbonate and
Conductivity in Mine Influenced Streams

Control survival ofCeriodaphnia dubia was acceptable in each of the tests
conducted with 75 of the control treatments havif08% survival. There were 31 tests
with 90% survival and 13 tests with 80% controlvsal (Tables 13-14, Appendix A
The percent survival in 100% stream water was Basts at 100%, 37 streams at 90%,
16 streams at 80%, 4 streams at 70%, 1 streamPst BZBtreams at 50%, and 2 streams
at 0% Eigure 22). The Lethal Concentration to 50% of the orgamsisinC50) was
calculated for each test at 48 hours. For the ntgjof the streams tested, 115 out of 119
streams, the LC50 was >100% stream water or no Mz generated. The LC50 at 1

of the streams was 100%: 1 stream had an LC50 % &7d 1 stream had an LC50 of
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50% stream water. Jack Smith Branch had no tgxa@monstrated for the LC50 in fall
2010. The NOEC for survival was 100 for 112 outttué 119 streams. There were 6

streams with an NOEC of 50 and 1 stream with a NOEZ5.

80

70

60 -

50

40 | m Control

o Stream

30 -

Frequency per 119 tests

20 -

10 ~

O i |_| | | /= /3
100 90 80 70 60 50 0

% Survival

Figure 22 - Percent Ceriodaphnia dubia Survival in
Control and 100% Stream Water in Mining Influenced Streams

Stream conductivity, TDS, and sulfate showed nati@hship when compared to

percent stream survival in 100% stream watgyyres 23-29.
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% Survival in 100% stream water
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NOEC concentrations of 100% dbles 15-18, Appendix A. NOEC concentrations at
29 of the stream sampling locations were 50%, 8 psam locations had NOEC
concentrations of 25% and 5 stream locations hal@BC concentration of 12.5. The
Lowest Observable Effect Concentration (LOEC) comr@ions were greater than 100%
at 76 of the 119 stream sampling locations. LOERGteatrations were 100% at 30 of the
sampling locations, 50% at 8 locations and 25% sarbpling locations. The IC25, or
concentration of stream water which is predictedresult in a 25% reduction in

reproduction, was greater than 100% for 61 of th@ &treams.

Figure 25 - Relationship between Sulfate and PerceBurvival of
Ceriodaphnia dubia in 100% Mine Influenced Stream Water

With respect to the sub-lethal reproductive endpor? of the 119 sites had
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ranged from 15-25 for 6 of the streams, 26-50 fof éhe streams, 51-75 for 24 streams

and 76-100 for 22 of the streams.

There was no relationship between the sensitivé I€&fIpoint with conductivity,
total dissolved solids, and sulfatéiqures 26-28) There was no relationship between

conductivity and toxicity in the streams sampled.
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Figure 26 - Relationship between Conductivity andrte
Reproductive 1C25 Endpoint in WET Tests Conductedm Mine Influenced Streams
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Figure 27 - Relationship between TDS and the Repradtive

IC25 Endpoint in WET Tests Conducted in Mine Influenced Streams
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Figure 28 - Relationship between Sulfate and the Reoductive
IC25 Endpoint in WET Tests Conducted in Mine Influenced Streams
Discussion

Sulfate dominated the mining effluent; however, Mbet al. (1997) observed
sulfate as the least toxic ion. There was no catiml between sulfate and percent
survival or reproduction oferiodaphnia dubia (Figures 25 & 2§. This is important to
the mining industry because sulfate is commonlyntbin mine effluent. Soucek and
Kennedy (2005) observed lethal effects of sulfaieHlyalella azteca (512 mg/L),
Ceriodaphnia dubia (2,050 mg/L), andChironomus tentans (14,134 mg/L). The stream
water sampled by companies 1 and 2 showed sufattsl >1,000 mg/L for four of the
streams tested. Three out of the four streams 628 kcores ranging from 46.6% to

58.31% and one stream showed no toxicity in thesigea reproductive endpoint. It is
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believed that chloride and hardness influence theicity of sulfate to aquatic
invertebrates due to alterations in osmoregulatiom.Soucek’s work revealed that the
level of sulfate toxicity is driven by the concettons of chloride and hardness. The high
hardness and chloride concentrations in mininguerfted streams would explain why
the organisms are so tolerant of the elevated azivities.

Conductivity was not an indicator of toxicity inettstream sampled in this study
(Figures 23 & 2. Although conductivity above 2,000 uS/cm may adeky affect
freshwater organisms (Goodfellow 2000, SETAC 200#w conductivities in this study
were often recorded at levels greater than 2,000m&nd showed no adverse effect to
Ceriodaphnia dubia survival. Although conductivity is an importantctar in streams
influenced by mining, this study shows that conolitgt is not correlated with stream
toxicity of Ceriodaphnia dubia. The thresholds of toxicity to the ceriodaphnidrevaot
established.

Toxicity was observed in streams receiving minduefit; however, the cause of
toxicity is undetermined. Further research is wated to investigate other factors that
may contribute to toxicity, such as TSS, which waly included in a few samples in this

study.
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CHAPTER 3
Benthic Macroinvertebrates and Toxicity
Introduction

Recent studies have found that benthic macroieleate communities in streams
below Appalachian surface coal mines often diffeonf communities found in
non-mined ecosystems. Elevated levels of TDS H#een suggested as stressors to
aquatic life in Central Appalachian streams inficesh by coal mining. Although field
studies have succeeded in demonstrating the allitypenthic macroinvertebrate
monitoring to identify aquatic community respondes coal mining activity, much
remains unknown about how benthic macroinvertebratemunities respond to specific
TDS concentrations and compositions in the absehoen-TDS stressors that are often
concurrent with elevated TDS levels in mining-igfhced streams (Timpane al.,
2010).

Benthic macroinvertebrates do not move around naalhey are less able to
escape the effects of pollutants that diminish watguality. Therefore,
macroinvertebrates can provide reliable informatidiout stream water quality. Their
long life cycles allow studies conducted by aquatiologists to determine any decline in
environmental quality (Spellman 2009). Macroinebrates represent an extremely
diverse group of aquatic animals and the large rumbf species possess a wide range
of responses to stressors such as organic pokytsediments, and toxicants.

Concurrent with the toxicity testing described inapter 2, one of the coal mining
companies (Company 2) was required to conduct dnbeathic macroinvertebrate
monitoring in streams where samples were colletbedVET testing. Three years of
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monitoring have resulted in 28 paired data pointsciv include toxicity testing and
benthic macroinvertebrate community data. The atlvjes are to determine if stream
impairment, as indicated by WVSCI scores, is relate laboratory toxicity; and to
determine if stream impairment, as indicated by WVSscores, is related to
conductivity.
Materials and Methods

Benthic macroinvertebrates were collected using tO&SEPA’'s Rapid
Bioassessment Protocol (RBP) methods (Barkbal., 1999). A 0.5 meter kick-net was
utilized to collect a four-sample composite inlaffun sections of the stream channel.
Samples were composited, field sieved, and predengamples were then sorted and
subsampled with a target of 180 organisms (WVDNR&0 Samples are identified to
the genus level by a biologist familiar with regibriaxa using appropriate taxonomic
keys (Merritt and Cummins 1996; Stewart and Stagk2; Smith 2001).

The genus level benthic macroinvertebrate commudatg were evaluated using
a series of metrics which include Taxa Richnesshelaperoptera, Plecoptera, and
Trichoptera (EPT) Taxa Richness, Percent EPT, Rert@o Dominant Taxa, Percent
Chironomidae, and Hilsenhoff Biotic Index (HBIJgble 19, Appendix A. In addition
to the genus level consideration of individual nestrdescribed above, family level
stream community data were also evaluated usingy8CI (Table 20, Appendix A).

Habitat assessments were completed using the USEBR (Barbouret al.,
1999) and WVDEP Watershed Assessment Branch (WABJ&&ble Benthic Stream
Assessment Forms (WVDEP 2010b). At these sampdiogtions, 10 parameters were
evaluated that represent the overall quality ofilalske habitat at each site. Those 10

49



parameters include epifaunal substrate/availablercoembeddedness, velocity/depth
regime, sediment deposition, channel flow stathanoel alteration, frequency of riffles,
bank stability, vegetative protection and ripariagetative zone. The results of the
visual-based habitat assessment were used to de¢ethe quality of habitat at each
sampling location to discern effects of mining disxges as well as support the biological
assessment.
Results

None of the 30 streams sampled over the 3 yeaogextored in the optimal
habitat range. Sub-optimal habitat was demonstrate?0 sampling locations while 8
sampling locations scored in the marginal ranfgb(es 21-23, Appendix A In 2009,
Ballard Branch and Stanley Fork demonstrated matdiabitat due to low frequency of
riffles, low channel flow status, and low ripariaagetative zone. In 2010, Mud Lick
Branch, Jack Smith Branch, Cabin Creek, and SerggkChad low scores due to
embeddedness, width of undisturbed vegetative 2omeyelocity/depth regime, and low
channel flow status. In 2011, Jarrell Branch sdonethe marginal range due to width of
undisturbed vegetative zone, bank vegetative piotecchannel alteration, channel flow
status, and low velocity/depth regime.

In general, most sites had substrates dominatedlbyie and coarse gravel which
would provide suitable substrate for benthic mavorertebrates Tables 24-26,

Appendix A). Mud Lick Branch was the only site dominateddeygrock.
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Field Water Chemistry

In the fall of 2009, conductivity ranged from 96&/gm at Cow Creek to 2,990
pnS/cm at Joes Creekdble 27, Appendix A. The dissolved oxygen ranged from 9.10
mg/L at Jarrell Branch to 10.36 mg/L at Tenmile K-orThe temperature ranged from
13.9°C at Calvin Branch and Tenmile Fork to 18.2tCQarrell Branch. The pH ranged
from 7.66 S.U. at Joes Creek to 8.53 S.U. at Coeelr The turbidity ranged from 0.0
NTU at Cow Creek to 10.0 NTU at Stanley Fork. Tdity could not be recorded at
some sites due to a meter malfunction. Streancitgleanged from 0.45 cfs at Ballard
Branch to 6.20 cfs at Jarrell Branch.

In the fall of 2010, conductivity ranged from 2221%/cm at Little White Oak to
2,747 ps/cm at Coal ForK#éble 28, Appendix A. Dissolved oxygen ranged from 7.22
mg/L at Big Horse Creek to 9.13 mg/L at Coal Forkhe temperature ranged from
14.2°C at Cabin Creek to 22.5°C at Mud Lick Brandihe pH ranged from 7.77 S.U. at
Mud Lick Branch to 8.52 S.U. at Pond Fork. Turtydianged from 1.7 NTU at Big
Horse Creek to 34.0 NTU at Mud Lick Branch. Streastocity ranged from 0.04 cfs at
Little White Oak to 27.59 cfs at Pond Fork.

In the fall of 2011, conductivity ranged from 622/¢m at Pond Fork to 1,965
ps/cm at the UNT Left ForkT@ble 29, Appendix A. The temperature ranged from
16.0°C at Pond Fork to 18.5°C at the other Pondt Femation. The pH ranged from 7.35
S.U. at the UNT Left Fork to 8.70 S.U. at Cow Credlurbidity ranged from 3.2 NTU at
Big Horse Creek to 19.0 NTU at Moccasin Hollow.re@m velocity ranged from 0.45
cfs at the UNT Tenmile Fork to 48.14 cfs at PondkFdissolved oxygen readings were
not recorded due to a meter malfunction.
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Toxicity tests were conducted at nine sampling tioog during the fall of 2009.
Eight streams failed to generate an LC50 (lethakceatration to 50% of the organisms)
and had NOEC of 100% stream water for the sunawalpoint Table 30, Appendix A.
One sampling site, on Left Fork, had an LC50 of%0&nd an NOEC of 25% stream
water for the survival endpoint.

With respect to the reproductive endpoint, 6 of $heampling sites had NOEC
concentrations of 100% stream water with LOEC estigth to be greater than 100 %
stream waterTable 31, Appendix A. Two of the streams, Stanley Fork and Cow Creek
had NOEC of 50% and LOEC of 100% while one sitdf Eerk, had an NOEC of 25%
and an LOEC of 50%. The IC25, or concentratiostodam water which is predicted to
result in a 25% reduction in reproduction, was tgethan 100% for 4 of the 9 streams
and ranged from 29.28% to 83.41% for the remaistngams.

Toxicity tests were conducted at 10 sampling lacegiduring the fall of 2010.
Nine streams failed to generate an LC50 (lethatentration to 50% of the organisms)
(Table 32, Appendix A. Jack Smith Branch had no toxicity demonstrdtedhe LC50
analysis. All streams sampled also had NOEC of Z06tream water for the survival
endpoint.

With respect to the reproductive endpoint, 7 of IBesampling sites had NOEC
of 100 % stream water with LOEC estimated to beatgrethan 100 % stream water
(Table 33, Appendix A. Three of the streams, Seng Creek, Tom’s Forl#t,Jack Smith
Branch had NOEC of 50% and LOECs of 100%. The 1@2a8 greater than 100% for 4

of the 10 streams and ranged from 56.61% to 87 fo4%he remaining streams.
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In fall of 2011, the 9 streams tested did not gateetoxicity with no LC50s
predictable for mortalityTable 34, Appendix A. The streams sampled also had NOEC
of 100 % stream water for the survival endpoint.

With respect to the sub-lethal reproductive endp&@rof the 9 sampling sites had
NOEC of 100% stream water with LOEC estimated td.0@% stream water or greater
(Table 35, Appendix A. The IC25 was greater than 100% for each oBtegeams.

In the fall of 2009, genus level taxa richness ehfyjom 11 to 23 taxa per site in
the benthic macroinvertebrate communities from $hastreams sampledldble 36,
Appendix A). Richness of the sensitive Ephemeroptera, Ptecapand Trichoptera
(EPT) taxa ranged from 3 to 7 genera with the peege of EPT taxa as high as 86.15
%. Most streams had fairly high values for the moépercent two dominant taxa” (50
% to 86.54 %) although the “percent Chironomidaa@swariable ranging from 7.07 % to
58.39 %. The HBI, a composite tolerance value imetvas lowest in the Left Fork,
indicating a sensitive community.

WVSCI scores are calculated for each sampling iocat WVSCI is a
multi-metric index that presents an overall estioratof community health. Values
ranged from 40.88 to 63.65 at the 9 sampling looatiTable 37, Appendix A with
each sampling site scoring in the impaired zoneegix€ow Creek which scored in the
“grey zone.” The composite benthic sample at BallBranch had less than 180 bugs;
therefore, a WVSCI score could not be calculated.

In the fall of 2010, genus level taxa richness emhffom 7 to 18 in the benthic
macroinvertebrate communities from the streams BaimpRichness of the EPT taxa
ranged from 3 to 8 genera with the percentage af taRa as high as 61.14 %able 38,
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Appendix A). The values for the metric “Percent Two Domindaa” ranged from
33.16 % to 84.13 % and the “Percent Chironomidaeieg from 11.92 % to 67.14 %.
The HBI was lowest in the Pond Fork indicating assteve community. This site was
dominated by Ephemeroptera and Trichoptera species.

The WVSCI scores ranged from 29.83 to 69.72 atstmapling locationsTable
39, Appendix A) with each sampling site scoring in the impairede except West Fork
which scored in the “Unimpaired.”

In the fall of 2011, genus level taxa richness emhffom 13 to 18 in the benthic
macroinvertebrate communities from the streams kainffable 40, Appendix A).
Richness of the EPT taxa ranged from 2 to 8 gewédhathe percentage of EPT taxa as
high as 60.77%. The values for the metric “Perdamb Dominant Taxa” ranged from
46.38 at the UNT Left Fork Creek to 74.29 at Jaridanch and the “Percent
Chironomidae” varied from 6.22 at Cow Creek to B0a8d Pond Fork. The HBI was
lowest in Cow Creek (4.4) indicating the more sévesicommunity. This site was
dominated by Ephemeroptera, Plecoptera and Triehagpecies.

The WVSCI values ranged from 38.24 at Big Horsee€n® 65.62 at Moccasin
Hollow at the sampling locations with each samplsiig scoring in the impaired zone
except the UNT of Left Fork Creek and Moccasin Bwil(Table 41, Appendix A.
These sites scored in the “grey zone” which majcate slight impairment.

Benthic macroinvertebrate communities in the stie@ampled indicated some
level of impairment. A weak relationship was destosted between habitat assessment

scores and WVSCI scorefigure 29). No apparent relationships were observed
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between conductivity and WVSCI or conductivity ahé number of taxa present in the

sampling locationsHigures 30-3).
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Discussion

Stream impairment, as indicated by WVSCI scores warelated to laboratory

toxicity testing outcomes. Streams with the low&atSCI scores exhibited no toxicity.

Benthic macroinvertebrate communities in the stieaampled indicated some level of

impairment, however, no toxicity was observed ie th00% mine effluent stream

survival of Ceriodaphnia dubia. The toxicity tests conducted d@eriodaphnia dubia

occur in a controlled laboratory environment wherbanthic macroinvertebrates live in

the environment which is uncontrolled. Macroineerates in the receiving environment
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are exposed to a wide variety of abiotic and biatiedifying factors that can affect an
organism'’s response to a toxicant (Chapman 1999).

There was no relationship between conductivity WidSCI scores. A stream
can have a low level of specific conductance ald\SClI score firmly within the range
for impairment; conversely, a stream can have h lagel of specific conductance and a
WVSCI score that indicates the stream is abovettiteshold for impairment (WVDEP
2010b). WVSCI scores are affected by many factoatitat, other uses of the stream
and the surrounding land, and pollutants unrel&decbnductivity (e.g., fecal coliform).
Certain stream reaches simply cannot attain a “g8@dSCI score because of those
factors (WVDEP 2010b). The Pond-Passmore Studyndoa shift in the benthic
macroinvertebrate community downstream from minaatjvity, but did not otherwise
correlate this finding with any significant or adse impairment of the ecosystem (Pond

et al., 2008).
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CHAPTER 4
Conclusions

The toxicity research that | conducted demongraéibat conductivity does not
correlate to toxicity. Conductivity measurementshe streams samples exceeded the 300
pns/cm level recently deemed harmful to aquaticihfé¢he Central Appalachians by the
EPA (Cormieret al., 2011). Some of the streams tested did exhibitityx however, it
was not due to conductivity. This is relevanthe toal industry for many reasons. The
most recent news in coal mining involves a miniegnpit being revoked and one of the
issues for the revocation is conductivity (Ward 2011). This study reveals that
conductivity may not be the most important facttbecing aquatic ecosystems. Further
investigation is warranted to determine what eyactuses benthic macroinvertebrate
impairment and stream water toxicity to laboratorganisms. | think that it would be
beneficial to conduct toxicity testing above andobe mine effluent discharges to
determine if toxicity changes between upstream downstream sampling locations.
Conducting upstream toxicity testing would alsoegan opportunity to investigate other
variables which may result in stream toxicity. 8tresampling locations should also be
selected for sampling without focusing on high agcttvity. Some of the streams that |
sampled during my research exhibited toxicity alifio the streams had low
conductivity.

When evaluating the data | also noticed that ssetream sampling locations had
low IC25 values but their survival was not impairafhat could be causing these
inconsistent values€eriodaphnia dubia are extremely sensitive organisms (USEPA
2002 ). Changes in temperature and/or dissolvedexyluring testing could affect the
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reproductive output oCeriodaphnia dubia (USEPA 2002). It is also possible for the
sensitive organisms to become stressed during #iy @ater changes from poor

handling techniques (USEPA 2002). Another factat thay affect both the reproduction

and survival ofCeriodaphnia dubia is a rain event during the water collection for WE

testing. Rain can cause the total suspended safidsturbidity of a stream increase.
Filter-feeding invertebrates exposed to high lewd#lsuspended solids can clog feeding
structures, reducing feeding efficiency and theefeducing growth rates, stressing and
even killing the organisms (Hynes 1970). Susperstdils were not measured in the
study presented here but might be something taideclin future research. Also, a
possibility for no survival impairment but low IC2Bight be higher conductivity or poor

water quality in later samples since the 48 houwpemt is based on the first of 3

samples.

Stream impairment, as indicated by WVSCI scoresewemrelated to laboratory
toxicity testing outcomes. Streams with the low&381SCI scores exhibited no toxicity.
| think that this occurred due to tieriodaphnia dubia toxicity testing being conducted
in a controlled laboratory environment whereas hientacroinvertebrates live in the
environment which is highly variable.

There was no relationship between conductivity WAISCI scores. | think that
stream impairment occurs regardless of conductivityany factors can lead to stream
impairment. | have sampled all of these streannsbémthics and the majority of the
streams are affected by human disturbance. Soher tdctors that come to mind are
stream velocity, embeddedness, stream canopy, @slrate. These are all important
issues when considering stream impairment.

60



Appendix A

Table 3 - Field Water Chemistry Analysis 2008

. . Conductivity | Temperature H DO
Sampling Location Date (uS/cm) y (Ff,c) (S.U.) (mg/L)
Big Creek 12/15/2008 918 3.0 8.05 9.70
Big Creek 12/17/2008 454 4.0 7.71 9.60
Big Creek 12/19/2008 719 5.0 7.87 9.30
Hardway Branch 12/11/2008 1,373 9.4 7.07| 10.58
Hardway Branch 12/13/2008 1,278 6.6 6.81] 11.19
Hardway Branch 1215/2008 1,500 8.1 6.88 10{49
Laurel Creek 12/15/2008 1,550 7.0 7.79 9.50
Laurel Creek 12/17/2008 735 10.2 7.45| 10.43
Laurel Creek 12/19/2008 1,130 8.3 6.08| 10.45
Line Creek 12/11/2008 883 6.2 7.29| 10.85
Line Creek 12/13/2008 574 5.5 6.99| 11.33
Line Creek 1215/2008 675 7.0 7.18 10.82
Mudlick Fork 12/15/2008 2,540 8.8 6.24 9.95
Mudlick Fork 12/17/2008 1,622 8.6 6.65| 10.6Z2
Mudlick Fork 12/19/2008 2,410 10.4 6.45 10.2(
Robinson Creek 12/15/2008 802 7.9 6.32 9.19
Robinson Creek 12/17/2008 336 8.6 7.63| 10.64
Robinson Creek 12/19/2008 653 8.8 6.48| 10.27
Spruce Laurel Creek] 12/15/2008 550 9.5 7.69 9.64
Spruce Laurel Creekl 12/17/2008 284 10.0 7.60| 10.34
Spruce Laurel Creek] 12/19/2008 401 10.4 7.13| 10.05
Stollings Fork 12/15/2008 1,826 9.2 6.76 9.20
Stollings Fork 12/17/2008 1,180 9.0 7.48| 10.33
Stollings Fork 12/19/2008 1,815 10.4 6.39 9.86
Taylor Fork 12/11/2008 350 7.3 6.23 9.62
Taylor Fork 12/13/2008 403 5.1 5.93| 10.56
Taylor Fork 12/15/2008 401 10.9 6.10 9.22
West Fork 12/15/2008 2,120 16.1 6.14 9.86
West Fork 12/17/2008 1,341 13.1 8.13 9.64
West Fork 12/19/2008 1,865 15.4 7.16 9.08
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Table 4 - Field Water Chemistry Analysis 2009

Sampling Date Conductivity Dcl)s;;cg\éﬁd Temperature | pH
Station Sampled (uS/cm) (mg/L) (°C) (S.U)

DS Fifteen Mile
Fork 6/22/2009 1,092 9.80 4.1 7.56
DS Fifteen Mile
Fork 6/24/2009 1,096 10.10 3.3 7.06
DS Fifteen Mile
Fork 6/26/2009 1,073 9.60 1.3 6.72
Laurel Creek 6/29/2009 2,342 10.80 4.5 8.10
Laurel Creek 7/1/2009 1,858 9.80 8.12
Laurel Creek 7/2/2009 1,869 11.40 4.0 8.31
Mammoth Site 1| 6/22/2009 815 10.20 4.6 8.67
Mammoth Site 1| 6/24/2009 716 10.80 3.6 7.09
Mammoth Site 1| 6/26/2009 718 10.20 1.4 7.84
Mammoth Site 2 6/22/2009 631 10.30 3.9 8.60
Mammoth Site 2 6/24/2009 68 10.50 3.3 7.76
Mammoth Site 2 6/26/2009 70 9.80 1.2 7.23
Mouth of
Robinson Creek| 6/29/2009 2,137 10.90 4.6 7\97
Mouth of
Robinson Creek|  7/1/2009 2,076 9.80 8.00
Mouth of
Robinson Creek|  7/2/2009 2,123 11.20 4.1 8/21
Mudlick Fork 6/29/2009 2,818 10.40 3.9 8.18
Mudlick Fork 7/1/2009 2,849 9.60 8.18
Mudlick Fork 7/2/2009 2,884 11.30 4.2 8.36
PM 260 Inlet 6/29/2009 1,578 10.90 4.4 7.71
PM 260 Inlet 7/1/2009 1,539 10.00 7.596
PM 260 Inlet 7/2/2009 1,575 12.00 4.6 7.84
PM 316 Pond 6/29/2009 1,598 11.70 4.0 767
PM 316 Pond 7/1/2009 1,589 10.20 7.76
PM 316 Pond 7/2/2009 1,625 11.70 4.1 7.09
Stollings Fork 6/29/2009 1,839 10.60 4.4 8.13
Stollings Fork 7/1/2009 2,351 9.80 8.11
Stollings Fork 7/2/2009 2,373 11.50 4.3 8.33
Upstream
Fifteen Mile 6/22/2009 1,078 10.50 3.8 8.39
Upstream
Fifteen Mile 6/24/2009 1,071 10.40 3.4 7.82
Upstream
Fifteen Mile 6/26/2009 1,062 10.00 1.1 7.63
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Dissolved

Sampling Date Conductivity Oxygen Temrierature pH
Station Sampled (uS/cm) (mg/L) (°C) (S.U)

Ballard Branch 9/14/2009 1,783 9.63 16.2 7.83
Ballard Branch 9/16/2009 1,687 9.83 16.6 8.6
Ballard Branch 9/18/2009 1,701 9.96 17.3 8.7
Calvin Branch 9/14/200¢ 1,090 10.08 14.2 7.75
Calvin Branch 9/16/200¢ 984 10.33 13.9 7.78
Calvin Branch 9/18/200¢ 986 10.02 14.7 8.14
Cow Creek 9/14/200¢ 1,010 9.68 13.0 8.49
Cow Creek 9/16/200¢ 960 10.17 15.4 8.63
Cow Creek 9/18/200¢ 975 10.13 15.8 8.b4
Hardway Pond 9/28/2009 1,214 11.20 4.6 782
Hardway Pond 9/30/2009 1,353 10.20 3.3 7/68
Hardway Pond 10/2/2009 1,396 10.40 4.7 781
Jarrell Branch 9/14/2009 2,660 10.13 15.6 8,54
Jarrell Branch 9/16/2009 2,410 9.10 18.2 8.38
Jarrell Branch 9/18/2009 1,994 9.05 18.6 8.38
Joes Creek 9/21/2009 2,730 10.09 15.7 7.92
Joes Creek 9/23/2009 2,880 9.67 17.1 7|69
Joes Creek 9/25/2009 2,990 9.52 16.7 7/66
Laurel Creek 9/28/2009 1,307 10.80 4.2 7.93
Laurel Creek 9/30/2009 1,568 10.40 3.3 8.10
Laurel Creek 10/2/2009 1,651 10.60 5.9 8.17
Left Fork 9/21/2009 2,640 9.72 16.5 8.28
Left Fork 9/23/2009 1,853 9.45 16.4 7.97
Left Fork 9/25/2009 1,842 9.51 16.9 8.01
Mouth of
Robinson Creek
@ PM 24 9/28/2009 1,912 11.10 4.6 8.03
location
Mouth of
Robinson Creek
@ PM 24 9/30/2009 2,023 10.30 3.3 8.10
location
Mouth of
Robinson Creek
@ PM 24 10/2/2009 2,037 10.80 6.2 8.15
location
Mudlick Fork 9/28/2009 2,081 10.90 4.2 8.34
Mudlick Fork 9/30/2009 2,095 10.70 3.3 8.28
Mudlick Fork 10/2/2009 2,264 10.50 6.5 8.33
PM 316 Pond 9/28/2009 1,892 10.50 4.5 7.83
PM 316 Pond 9/30/2009 1,878 9.60 3.3 7.92
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Sampling Date Conductivity Dcl)s;;cg\éﬁd Temperature | pH
Station Sampled (uS/cm) (mg/L) (°C) (S.U)

PM 316 Pond 10/2/2009 1,958 10.80 4.6 7106
Stanley Fork 9/14/2009 2,520 9.52 16.3 711
Stanley Fork 9/16/2009 1,951 9.87 15.1 8.08
Stanley Fork 9/18/2009 1,969 9.99 15.8 8.07
Stollings Fork 9/28/2009 1,267 10.60 4.4 7.67
Stollings Fork | 9/30/2009 548 9.80 3.3 7.65
Stollings Fork | 10/2/2009 568 10.10 6.6 7.85
Tenmile Fork 9/21/2009 1,378 10.65 13.7 8.36
Tenmile Fork 9/23/2009 1,198 11.04 12.9 7.834
Tenmile Fork 9/25/2009 1,112 10.36 13.9 7.95
White Oak 9/21/2009 1,338 9.69 16.6 8.25
White Oak 9/23/2009 1,199 9.58 16.7 7.90
White Oak 9/25/2009 1,197 9.29 17.6 7.08
Downstream
Fiteen  Mile| 10/5/2009 1,164 10.30 3.8 7.17
Fork
Downstream
Fiteen  Mile| 10/7/2009 1,089 11.70 4.3 6.76
Fork
Downstream
Fiteen  Mile| 10/9/2009 1,140 10.10 1.4 7.18
Fork
Hughes Fork off 55009 765 11.30 3.7 8.1D
Bells Creek
Hughes Fork off (25009 767 12.30 3.9 8.1
Bells Creek
Hughes Fork off ;55009 765 11.10 1.7 8.20
Bells Creek
Sixmile Off | 10/5/2009 889 11.20 4.5 8.18
Hughes Creek
Sixmile Off | 10/7/2009 869 12.50 4.0 8.06
Hughes Creek
Sixmile Off | 10/9/2009 896 10.60 4.5 8.16
Hughes Creek
Upstream 10/5/2009 1,117 11.30 4.8 7.86
Fifteen Mile
Upstream 10/7/2009 1,061 11.70 4.1 7.6l
Fifteen Mile
Upstream 10/9/2009 1,120 11.10 3.0 8.06
Fifteen Mile
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Table 5 - Field Water Chemistry Analysis 2010

Sampling Date Conductivity Dc')sxiz\éﬁd Temperature | pH
Station Sampled (uS/cm) (mg/L) (°C) (S.U)
Ballard Branch| 2/22/201( 795 11.44 7.2 7.92

Ballard Branch| 2/24/201(

Ballard Branch| 2/26/201( 794 12.23 3.0 7.98
Calvin Branch | 2/22/201Q 748 11.60 7.7 8.15
Calvin Branch 2/24/2010

Calvin Branch | 2/26/201Q 866 12.45 3.7 7.06
Cow Creek 2/22/2010 767 11.23 8.2 8.21
Cow Creek 2/24/2010

Cow Creek 2/26/2010 753 11.88 5.3 8.08
Jarrell Branch 2/22/2010 1,833 11.17 9.3 8.34
Jarrell Branch 2/24/2010

Jarrell Branch 2/26/2010 1,751 11.32 5.8 8.07
Joes Creek 2/15/2010 1,077 8.38 5.5 8.07
Joes Creek 2/17/2010 1,182 11.11 3.9 8.38
Joes Creek 2/19/2010 1,173 10.80 6.4 7.87
Left Fork 2/15/2010 1,800 8.00 5.6 8.90
Left Fork 2/17/2010 1,710 9.65 4.4 9.04
Left Fork 2/19/2010 1,690 12.83 6.7 8.84
Jack —Smith 9545010 690 7.86 19.3 8.17
Branch

Jack — SMI 95212010 1,242 753 18.3 8.14
Branch

Jack — SMI 95412010 1,337 7.17 215 8.14
Branch

Stanley Fork 2/22/201( 1,798 10.96 9.8 8.24
Stanley Fork 2/24/201(

Stanley Fork 2/26/201( 1,824 12.20 5.1 8.11
Tenmile Fork 2/15/2010 1,130 6.31 7.3 8.64
Tenmile Fork 2/17/2010 1,160 10.19 5.7 8.12
Tenmile Fork 2/19/2010 1,126 11.28 4.8 8.01
White Oak 2/15/2010 1,028 5.97 4.4 8.69
White Oak 2/17/2010 1,061 7.13 3.2 8.86
White Oak 2/19/2010 1,077 14.71 5.2 8.89
Sycamore Forkl  3/1/2010 594 10.78 8.5 7.90
Sycamore Forkl  3/3/2010 602 12.35 5.7 7.93
Sycamore Forkl  3/5/2010 614 12.51 6.6 7.76
Horse Creek 4/26/2010 429 12.10 4.6 6.94
Horse Creek 4/28/2010 223 11.50 5.0 6.90
Horse Creek 4/30/2010 286 10.50 5.0 7.31
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Sampling Date Conductivity Dc')sxiz\éﬁd Temperature | pH
Station Sampled (uS/cm) (mg/L) (°C) (S.U)
Hardway Pondg
@ Location| 4/19/2010 2,145 9.00 4.3 7.82
PM 235
Hardway Pong
@ Location| 4/21/2010 2,171 12.40 5.0 8.38
PM 235
Hardway Pondg
@ Location| 4/23/2010 2,188 10.70 5.0 8.25
PM 235
Lily Fork @ )
PM 89 4/19/2010 1,340 7.80 4.0 8.13
Lily Fork @
PM 89 4/21/2010 1,310 11.60 5.0 8.28
Lily Fork @
PM 89 4/23/2010 1,350 10.50 5.0 7.88
Robinson
North @ PM| 4/19/2010 2,380 8.40 4.2 7.70
181
Robinson
North @ PM| 4/21/2010 2,325 11.20 5.0 7.95
181
Robinson
North @ PM| 4/23/2010 2,372 10.80 5.0 7.94
181
Bias Branch 6/1/2010 392 7.60 4.1 6.47
Bias Branch 6/3/2010 489 9.60 4.3 7.12
Bias Branch 6/4/2010 329 7.90 5.0 6.83
No Name 6/1/2010 1,470 8.20 4.4 7.01
No Name 6/3/2010 1,460 10.20 4.3 7.25
No Name 6/4/2010 1,301 8.40 5.0 6.83
Slip Ridge 6/1/2010 1,096 8.50 4.0 7.49
Slip Ridge 6/3/2010 909 9.90 4.8 7.98
Slip Ridge 6/4/2010 936 8.50 5.0 7.8/7
Mouth of
Robinson 6/1/2010 1,275 8.10 4.6 7.59
Creek
Mouth of
Robinson 6/3/2010 1,266 10.20 4.6 7.61
Creek
Mouth of
Robinson 6/4/2010 1,377 8.50 5.0 7.79
Creek
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Sampling
Station

Mudlick Fork
Mudlick Fork
Mudlick Fork
UBB Area of
Jarrells Branch
UBB Area of
Jarrells Branch
UBB Area of
Jarrells Branch
Bias Branch
Bias Branch
Bias Branch
Big Horse
Creek

Big Horse
Creek

Big Horse
Creek

Cabin Creek
Cabin Creek
Cabin Creek
Coal Fork
Coal Fork
Coal Fork
Horse Creek
Horse Creek
Horse Creek

Little White
Oak

Little White
Oak

Little White
Oak

Mud Lick
Branch

Mud Lick
Branch

Mud Lick
Branch
Mudlick Fork
Mudlick Fork
Mudlick Fork

Date
Sampled

6/1/2010
6/3/2010
6/4/2010

6/1/2010
6/3/2010

6/4/2010

9/27/201(
9/29/201(
10/1/201(

9/20/2010
9/22/2010

9/24/2010

9/27/201(
9/29/201(
10/1/201(
9/27/2010
9/29/2010
10/1/2010
9/27/201(
9/29/201(
10/1/201(

9/27/2010
9/29/2010
10/1/2010
9/20/2010
9/22/2010

9/24/2010

9/27/2010
9/29/2010

A

A

10/1/2010

Conductivity
(uS/cm)

2,403
2,364
2,253

1,760
1,702

1,723

342
347
357

1,538
1,761

1,793

1,030
1,039
1,050
2,414
2,747
2,863
693
626
579

294

222

343
1,363
1,319

1,406

3,019
3,025
2,977
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Dissolved
Oxygen
(mg/L)

4.90
4.10
5.00

4.00
4.10

5.00

7.40
8.30
9.90

6.82
7.22

7.17

8.30
8.89
8.68
8.39
9.13
9.17
7.60
9.30
10.30

6.76
7.75
7.91
8.56
7.47

8.26

7.70
8.50
10.40

Temperature
(°C)
8.1

8.2
8.3

8.3
8.3

8.3

3.2
5.0
5.0

20.5
18.8

22.3

16.3
14.2
14.9
16.3
14.5
14.1
2.6
5.0
5.4

17.1
17.1
15.6
18.3
22.5

20.7

3.3
5.0
5.3

O b
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Sampling
Station

No Name

No Name

No Name
Pond Fork
Pond Fork
Pond Fork
Seng Creek
Seng Creek
Seng Creek
Tom’s Fork
Tom’s Fork
Tom’s Fork
UBB Area of
Jarrells Branch
UBB Area of
Jarrells Branch
UBB Area of
Jarrells Branch
Slip Ridge

Slip Ridge

Slip Ridge
West Fork
West Fork
West Fork

Lily Fork @
PM 89

Lily Fork @
PM 89

Lily Fork @
PM 89
Hardway Pondg
@ Location
PM 236
Hardway Pong
@ Location
PM 236
Hardway Pondg
@ Location
PM 236

Mouth of
Robinson

Creek

Date
Sampled

9/27/2010
9/29/2010
10/1/2010
9/20/2010
9/22/201d
9/24/2010

9/27/201

9/29/201

10/1/201
9/27/2010
9/29/2010
10/1/2010

9/27/2010
9/29/2010

10/1/2010

9/27/2010
9/29/2010
10/1/2010
9/20/2010
9/22/2010
9/24/2010

10/11/2010
10/13/2010

10/15/2010

10/11/2010

10/13/2010

10/15/2010

10/11/2010

|

Conductivity
(uS/cm)

1,718
2,258
2,364
840
835
844
1,631
1,657
1,657
2,351
2,410
2,423

1,759
1,746

1,679

817

917

899
1,610
1,686
1,678

1,579
1,594

1,590

1,516

2,255

2,256

2,311
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Dissolved
Oxygen
(mg/L)

7.60
8.40
10.30
8.90
8.95
8.22
8.44
8.65
8.45
8.11
7.63
8.29

7.60
8.60

9.60

6.90
8.10
10.70
7.84
8.53
8.95

9.90
9.30

10.40

9.30

10.80

11.50

10.50

Temperature
(°C)
2.9
5.0
5.7
22.4
21.4
20.0
17.3
16.2
15.8
18.5
18.0
16.9

3.0
5.0

5.6

2.6
5.0
5.2
19.5
19.3
18.4

4.5
5.0

9.8

4.1
5.0
9.0

4.3

pH
(S.U)

N

D 00O 5500 00O TN N
HI—\H;\JE.A);\JLrnmnx
coo RN v ~Nooo

N
%

7.76

7.91

7.6
7.8
8.0
8.1
8.4
8.4

7.58

©

oOoFroF

7.58

7.75

7.44

8.11

8.27

7.94




Sampling Date Conductivity Dc')sxiz\éid Temperature | pH

Station Sampled (uS/cm) (mg/L) (°C) (S.U)
Mouth of
Robinson 10/13/2010 2232 10.30 5.0 7.08
Creek
Mouth of
Robinson 10/15/2010 2485 10.40 8.9 8.27
Creek
Twenty  Mile| 4112010 3.047 9.50 45 8.00
Creek
Twenty — Mile| 1130010 3,014 10.20 5.0 8.03
Creek
Twenty  Mile| 0150010 3,026 9.70 9.0 8.10
Creek

Table 6 - Field Water Chemistry Analysis 2011

Sampling Date Conductivity Dc')sxiz\éid Temperature | pH

Station Sampled (uS/cm) (mg/L) (°C) (S.U)
Big  Horsel 5140011 1,546 10.72 7.0 8.58
Creek
Big ~ Horse 5160011 1,582 10.73 78 8.60
Creek
Big  Horsel 51815011 1,589 9.70 10.4 8.5
Creek
Cabin Creek 2/21/2011 1,055 9.32 9.1 8.64
Cabin Creek | 2/23/2011 1.038 10.79 5.8 852
Cabin Creek 2/25/2011 886 9.59 9.7 8.72
Coal Fork 2/21/2011] 1827 9.80 81 8.16
Coal Fork 2/23/2011 1.605 11.16 5.8 8.01
Coal Fork 2/25/2011 758 9.97 8.5 8.22
Jack —Smith /1 45011 816 10.85 73 8.76
Branch
Jack —Smith 165011 813 10.97 8.4 8.75
Branch
Jack —Smith /14,5011 825 10.41 10.3 8.73
Branch
g‘g'ke White | 5 51/2011 887 9.00 10.3 8.40
'(')'g'f White | 55312011 872 10.19 8.2 8.3p

69



Dissolved

Sampling Date Conductivity Oxygen Temperature | pH
Station Sampled (uS/cm) (mg/L) (°C) (S.U)

'(-)'g'ke White | 5 o5/2011 543 11.25 6.9 8.46
Mud Lick | 51412011 1.403 9.72 7.8 7.76
Branch
Mud Lick | 5162011 1,409 9.97 8.0 8.64
Branch
Mud Lick | 5/18/2011 811 8.80 11.4 8.1
Branch
Pond Fork 2/14/2011 795 11.31 7.0 8.42
Pond Fork 2/16/2011 803 11.40 75 8.69
Pond Fork 2/18/2011 832 9.53 9.8 8.61
Seng Creek 2/21/2011 1,588 9.61 9.0 8135
Seng Creek 2/23/2011 1,559 10.73 7.3 8/36
Seng Creek 2/25/2011 1,325 10.89 7.2 847
Tom's Fork 2/21/2011 2.412 9.47 9.4 8.42
Tom'’s Fork 2/23/2011 2,369 10.15 7.6 8.36
Tom's Fork 2/25/2011 2.026 10.41 71 8.40
West Fork 2/14/2011 1,570 12.00 114 8.02
West Fork 2/16/2011 1,805 9.89 14.3 8.63
West Fork 2/18/2011 1,679 8.30 13.3 8.64
Below 033 on
20 Mile Fork | 5/23/2011 105 8.90 4.4 6.91
Below 033 on
50 Mile Fork | 5/25/2011 127 8.80 18.5 6.94
Below 033 on
20 Mile Fork | 5/27/2011 136 9.20 14.0 7.36
James  Creek ;55541 1,692 8.60 43 7.98
below 015
James  Creek o ,p/5419 1,730 8.80 18.8 7.80
below 015
James  Creek o »7/5419 1,745 9.40 10.6 7.97
below 015
Bandmill
Bolow 016 6/1/2011 1,127 7.40 25.7 8.38
Bandmill
Below 016 6/3/2011 1,124 9.30 15.1 8.38
Bandmill
Below 016 6/6/2011 1,143 9.60 4.0 8.38
029 on Radnef 45014 1,232 9.70 4.9 6.90

Fork of 20 mile
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Sampling Date Conductivity Dc')sxiz\éid Temperature | pH
Station Sampled (uS/cm) (mg/L) (°C) (S.U)
029 on Radne
Fork of 20 mile 5/25/2011 1,284 9.60 51 7.72
029 on Radne
Fork of 20 mile 5/27/2011 1,312 9.90 9.7 7.06
013 Robinson
North on 20| 5/23/2011 472 9.00 4.1 7.18
mile
013 Robinson
North on 20| 5/25/2011 552 9.00 19.0 6.8/
mile
013 Robinson
North on 20| 5/27/2011 589 9.30 12.6 7.2P
mile
001 oN| 512312011 1,341 9.60 4.9 8.50
Sugarcamp
001 onl 5/25/2011 1,358 8.50 18.8 8.5
Sugarcamp
001 oN| 5/27/2011 1,433 8.70 13.0 8.40
Sugarcamp
Delbarton
Below 400 6/1/2011 990 6.90 26.1 8.47
Delbarton
Below 400 6/3/2011 985 8.40 16.1 8.50
Delbarton
Below 400 6/6/2011 974 10.10 4.1 8.47
ICC Below 031 6/1/2011 882 7.60 26.8 8.04
ICC Below 031 6/3/2011 907 9.30 15.5 7.97
ICC Below 031 6/6/2011 879 10.20 4.0 8.33
Mammoth
below 004 6/1/2011 1,207 7.70 26.5 8.21
Mammoth
below 004 6/3/2011 1,222 9.80 15.2 8.2D
Mammoth
below 004 6/6/2011 1,185 9.60 4.8 8.28
g"gfork Below| 612011 857 7.70 24.6 8.17
g"gfork Below| ¢/3/5011 905 9.70 15.4 8.15
g"gfork Below| ¢/6/2011 884 10.40 4.0 8.10
Big  Horse| g/19/9011 2014 9.30 17.6 8.10
Creek
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Sampling
Station

Big Horse
Creek

Big Horse
Creek

Cow Creek
Cow Creek
Cow Creek
Jarrell Branch
Jarrell Branch
Jarrell Branch
Moccasin
Hollow
Moccasin
Hollow
Moccasin
Hollow

UNT Boone
Block Hollow
UNT Boone
Block Hollow
UNT Boone
Block Hollow
UNT Left Fork
UNT Left Fork
UNT Left Fork
UNT Tenmile
Fork
UNT
Fork
UNT
Fork
Pond Fork
Pond Fork
Pond Fork
Pond Fork
Pond Fork
Pond Fork
Bandmill
Below 016
Bandmill
Below 016

Tenmile

Tenmile

Date
Sampled

9/21/2011

9/23/2011

9/26/2011
9/28/2011
9/30/2011
9/26/2011
9/28/2011
9/30/2011

9/26/2011
9/28/2011
9/30/2011
9/19/2011
9/21/2011

9/23/2011

9/19/2011
9/21/2011
9/23/2011

9/19/2011
9/21/2011

9/23/2011

9/26/2011
9/26/2011
9/28/2011
9/28/2011
9/30/2011
9/30/2011

10/31/2011

11/2/2011

Conductivity
(uS/cm)

1,768

1,609

1,054
744
876

1,473

1,388

1,484

1,391
1,351
1,445
1,443
1,398

2,053

1,968
1,965
1,792

1,745
1,818

1,981

802
1,117
622
766
751
891

1,084

1,138

12

Dissolved
Oxygen
(mg/L)

10.10

8.90

9.50
8.60
8.90
8.50
8.20
8.50

9.00
8.20
8.50
8.60
8.90

8.70

9.20
9.40
8.30

9.40
8.90

8.30

9.20
8.90
8.60
8.90
8.60
9.10

10.20

11.00

Temperature
(°C)

17.1

16.9

18.0
16.1
15.6
18.9
17.8
17.5

18.7
17.4
15.3
17.3
17.0

17.4

15.2
17.3
16.9

14.3
16.9

17.3

17.9
19.3
16.0
18.5
15.0
16.9

4.1

4.6




Sampling
Station

Bandmill
Below 016
Below 033 on
20 Mile Fork
Below 033 on
20 Mile Fork
Below 033 on
20 Mile Fork
Delbarton
below 400
Delbarton
below 401
Delbarton
below 402

ICC Below 031
ICC Below 031
ICC Below 031
James Cree
below 015
James
below 015
James
below 015
Mammoth
below 004
Mammoth
below 004
Mammoth
below 004
Marfork Below
018

Marfork Below
018

Marfork Below
018

029 on Radne
Fork of 20 mile
029 on Radne
Fork of 20 mile
029 on Radne

Cree

Cree

Date
Sampled

11/4/2011
10/24/2011
10/26/2011
10/28/2011
10/31/2011

11/2/2011

11/4/2011

10/31/201
11/2/2011
11/4/2011

€10/31/2011
€ 11/2/2011
€ 11/4/2011
10/24/2011
10/26/2011
10/28/2011
10/31/2011
11/2/2011
11/4/2011
10/24/2011
10/26/2011

[ 10/28/2011

Fork of 20 mile

Conductivity
(uS/cm)

1,202
747
163
147
591
743

777

671
753
767

1,495
1,379
1,367
460

1,264

1,137
340

381
324
1,414

1,421

1,211
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Dissolved
Oxygen
(mg/L)

10.70
8.00
7.30

11.40
10.70
11.10

9.70

10.80
10.90
10.70

10.80
10.80
10.10

8.20

8.60

11.60

10.60
10.90
10.60

8.20
8.20

11.50

Temperature
(°C)

5.0
5.0
5.0
5.0
4.4

4.1

5.0

4.2
4.9
5.0

4.6
4.9
5.0

4.6

4.8

5.0

4.7
4.6
5.0

4.9

4.6

5.0

pH
(S.U))

8.20
7.10
7.05
6.50
8.30

8.14

8.18

8.19
7.92
7.80

8.20
7.98
7.79

7.52

8.04

8.08

8.21
7.66
6.94

7.29

7.26

7.52




Sampling
Station

13  Robinson
North on 20
mile

13  Robinson
North on 20
mile

13  Robinson
North on 20
mile

001 on
Sugarcamp
001 on
Sugarcamp
001 on

Sugarcamp

Date
Sampled

10/24/2011

10/26/2011

10/28/2011

10/24/2011
10/26/2011

10/28/2011

Conductivity
(uS/cm)

2,018

604

522

1,710
1,621

1,515
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Dissolved
Oxygen
(mg/L)

8.30

8.10

11.80

8.30
8.10

11.20

Temperature
(°C)

4.8

4.6

4.7

4.7
4.6

4.9

pH
(S.U))

7.63

6.94

6.60

7.52
7.62

7.80




Table 7 - Company 1 Additional Water Data Spring 21

Robinson James ,
Parameter SSUIgg;gngp Fork 5'72353282 1 Creek 5 /22% /glcl) 11 Unit MDL Method
5/25/2011 5/25/2011

Field Test
Field pH 8.30 6.60 6.56 7.80 6.18 S.U. SM204500H B
Total 54.86 20.17 24.59 413.75 11.89 mg/l  0.81 SM202320B
Alkalinity
Total Acidity | <0.63 <0.63 <0.63 <0.63 <0.63 mg/L|  0.63 SM202310B
Turbidity 10.80 9.40 20.80 3.40 2.80 NTU|  0.10 EFDIL
Sp. Cond. 1,445 600 1,362 1,847 128 uS/dn 1.9 ERALL
Total 685.04 270.06 697.64| 117370  44.25 mg/l Q.1 EPAAGBO
Sulfates
Chlorides 19.42 1.18 11.12 35.68 1.25 mg/lL  0[07 BPA.0
Total Iron 0.06 0.08 0.82 0.01 0.05 mg/]  0.007 EPA 200.7
:?(')Snso"’ed <0.007 <0.007 025 | <0.007  0.02 mg/l  0.007 EPA200.7
Total 1.42 0.14 2.48 0.08 0.05 mg/L| 0.086 EPA 200.7
Manganese
Dissolved 1.280 0.120 2420 | <0.03d  0.040 mg/ll  0.036 EPA 200.7
Manganese
Total 0.31 0.13 0.52 0.04 0.06 mg/L| 0.010 EPA 200.7
Aluminum
Dissolved 0.209 0.014 0.034 0.030 0.013 mg/ll  0.010 EPA 200.7
Aluminum
Total 46.70 5.56 6.02 15.50 2.64 mg/L| 0.007 EPA 200.7
Sodium
Dissalved 43.27 5.24 5.83 14.62 2.58 mg/L| 0.007 EPA 200.7
Sodium
Total 96.17 42.06 103.30|  147.4Q 7.77 mg/l  0.006 EPA 200.7
Magnesium
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Robinson James .
Parameter SSUIgg;gngp Fork 5'72615328; 1 Creek 5 /22% /gl(') 11 Unit MDL Method
5/25/2011 5/25/2011

Dissolved 92.88 41.02 102.70|  142.60 7.21 mg/l  0.006 EPA 200.7

Magnesium

Total 124.40 50.48 147.20 181.8( 9.69 mg/l  0.007 EPA 200.7

Calcium

Dissolved 119.20 48.79 145.70 173.5( 8.06 mg/l  0.007 EPA 200.7

Calcium

Total 706.65 299.25 79295 106095 56.19 mg/L SM202340B

Hardness

Dissolved 680.12 290.75 786.73| 102046  49.82 mg/L SM202340B

Hardness

TSS 6.00 12.00 13.00 <2.00 <2.0( mg/l 200 SM20B2540

TDS 1,131 447 1,149 1,439 86 mg/ll  2.00 SM202540C
o Field Test

Temperature| 2140 15.80 16.60 15.80 15.00 C SM202550 B

Flow 0.668 1.780 0.222 0.858 1.780 cfs Field Test

Field Test

Field pH 8.44 7.54 8.25 7.98 7.85 S.U. SM204500H B

Total

Alkalinity | 307.31 93.71 218.07 | 192.86| 139.67| mg/lL | .3D | SM202320B

Total Acidity | <0.63 <0.63 <0.63 <0.63 <0.63 mg/L 0.68 SM202310B

Turbidity 7.10 1.80 3.70 4.50 18.60 NTU 0.10 EPAI8

Sp. Cond. 1,045 923 1,188 1,308 943 uS/icr 19  EBRA1

Total

Sulfates 229.73 337.93 471.37| 54834 157.08 mg/L| 1 0. EPA 300.0

Chlorides 15.06 4.85 28.95 2.12 7.26 mg/L 0.07 BPA.0

Total Iron 0.57 0.04 0.03 0.09 0.42 mg/L 0.007 ERA.7

Dissolved

Iron 0.110 0.010 0.010 <0.007 | 0.020 mg/L 0.007 EPA.7
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Parameter

Total
Manganese
Dissolved
Manganese
Total
Aluminum
Dissolved
Aluminum
Total
Sodium
Dissolved
Sodium
Total
Magnesium
Dissolved
Magnesium
Total
Calcium
Dissolved
Calcium
Total
Hardness
Dissolved
Hardness
TSS

TDS

Temperature

Flow

Sugarcamp
5/25/2011

0.080
0.050
0.21
0.105
137.30
135.10
36.45
33.67
61.53
58.50
303.74
284.73
2.00

676

20.00
3.03

Robinson
Fork
5/25/2011
0.030
0.030
0.07
0.063
9.40
8.46
77.58
75.92
90.21
86.10
544.73
527.63
<2.00
733

16.90
2.61

Radner
5/25/2011

<0.036
<0.036
0.09
0.071
66.27
64.59
84.06
82.88
84.94
81.76
558.25
545.45
<2.00

827

18.00

2.92

James
Creek
5/25/2011
0.040
0.040
0.09
0.066
11.02
10.99
107.30
104.30
137.50
131.50
785.2(
757.86
<2.00
1,304

17.60

0.65

20 mi.
5/25/2011

0.120

0.070

0.26

0.118

83.15

79.65

42.49

37.48

77.18

71.71

367.6

333.40

<2.00
625

17.30

4.85

Unit

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

°C

cfs

MDL Method

0.@3BA 200.7

0.@3BA 200.7

0.010 EPA.Z0

0.01PAR00.7

0.007 Be&7

0.007 Be&7

0,0BBA 200.7

0,0BBA 200.7

0.00PARO00.7

0.00PARO00.7

M203340B

M203340B
2.00 SM20Pb40
2.00
Field

SM202550 B

Field Test

SM202540C

Test
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Table 8 - Company 1 Additional Water Data Fall 2011

)B

Sugarcamp ROIITSET Radner Mammoth | 20 mi
Parameter | 445670011 | FOTK 10/26/2011 10/26/2011 10/26/2011 "™ ulelh | filsinee
10/26/2011,
Field Test
Field pH 7.98 6.51 6.77 7.74 6.33 S.U. SM2045004 B
Total 58.72 2251 28.51 211.21 12.34 mg/ll  0.81  SM20232(
Alkalinity
Total Acidity <0.63 <0.63 <0.63 <0.63 <0.63 mg/L| 68.] SM202310B
Turbidity 9.80 8.80 11.23 4.20 3.35 NTU| 0.10 EPAI8
Sp. Cond. 1,541 721 1,423 1,299 346 nS/chn [.9 ERALL
Total 712.35 335.27 725.92 552.16 55.21 mg/L| 0.1 EPAGO0
Sulfates
Chlorides 18.76 1.25 9.87 1.87 1.14 mg/L 0.07 EPA.G
Total Iron 0.05 0.05 0.91 0.06 0.04 mg/L|  0.007 EPA 200.7
I[:(')Snso"’ed <0.007 <0.007 0.150 <0.007 0.020 mg/l|  0.007 EPA 200.7
Total 1.64 0.11 2.15 0.09 0.06 mg/L| 0.086 EPA 200.7
Manganese
Dissolved 1.31 0.09 2.03 0.02 0.04 mg/L| 0.0836 EPA 200.7
Manganese
Total 0.35 0.13 0.34 0.11 0.06 mg/L| 0.010 EPA 200.7
Aluminum
Dissolved 0.24 0.02 0.11 0.03 0.02 mg/L| 0.010 EPA 200.7
Aluminum
Total 49.34 5.41 5.64 15.54 2.15 mg/L|  0.007 EPA 200.7
Sodium
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Robinson :
Sugarcamp Radner Mammoth | 20 mi. .
Parameter | 156/9011 | FOTK 10/26/2011 10/26/2011 10/26/2011 "™ AL | e
10/26/2011

Dissolved 45.14 5.16 4.82 11.70 1.87 mg/L| 0.007 EPA 200.7

Sodium

Total 88.63 48.67 99.74 113.21 8.15 mg/Ll  0.006 EPA 200.7

Magnesium

Dissolved 83.21 44.82 93.69 106.91 7.98 mg/ll  0.006 EPA 200.7

Magnesium

Total 134.47 52.69 168.21 126.33 10.25 mg/ll  0.007 EPA 200.7

Calcium

Dissolved 128.50 47.13 157.46 123.71 10.05 mg/l  0.007 EPA 200.7

Calcium

Total 745.28 317.51 821.64 786.98 66.72 mg/L| SM202340B

Hardness

Dissolved 701.6 303.68 813.55 742.12 58.94 mg/L SM202340B

Hardness

TSS 5.00 3.00 9.00 3.00 <2.00 mg/Ll  2.00  SM202540dD

TDS 1,189.42 554.21 | 1,256.00  1,067.00 95.0p mglL 002. SM202540C
o Field Test

Temperawre| 1821 15.40 15.91 16.45 16.21 C SM202550 B

Flow 0.54 1.82 0.22 0.69 1.91 cfs Field Test

Field Test

Field pH 7.68 7.81 7.61 8.14 8.35 S.U. SM204500H B

Total 85.42 415.62 155.22 225.63 298.45% mg/l 031  SM20B32

Alkalinity

Total Acidity <0.63 <0.63 <0.63 <0.63 <0.63 mg/L| 68.] SM202310B

Turbidity 2.10 2.50 11.40 3.60 6.54 NTU| 010  EPAIS

Sp. Cond. 1,013 1,789 1,084 1,246 1,075 uS/dm 1.9 PAR0.1

;ﬁtl?;tes 375.25 789.39 226.39 488.93 245.10 mg/l 0.1 EPAGBO0

Chlorides 5.23 21.81 8.13 26.55 12.35 mg/l 007  BBEAO
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Parameter

Total Iron
Dissolved
Iron

Total
Manganese
Dissolved
Manganese
Total
Aluminum
Dissolved
Aluminum
Total
Sodium
Dissolved
Sodium
Total
Magnesium
Dissolved
Magnesium
Total
Calcium
Dissolved
Calcium
Total
Hardness
Dissolved
Hardness
TSS

TDS

Sugarcamp
10/26/2011

0.05
<0.007

0.050
0.010
0.11
0.05
9.52
8.87
79.42
75.31
95.64
90.10
588.72

554.90

3.00
785

Robinson

Fork

10/26/2011
0.01

<0.007
0.050
0.010
0.04
0.03
17.84
15.91
155.42
151.79
198.65
194.31
1,163.21

1,127.85
4.00

1,456

Radner
10/26/2011

0.62
0.020

0.130

0.090

0.31

0.13

91.52

88.68

48.71

45.35

78.52

73.11

395.21

354.65
3.00

714

Mammoth
10/26/2011

0.03
<0.007

<0.036

<0.036

0.11

0.08

75.21

72.33

89.81

84.20

79.54

76.52

611.27

593.59
4.00

875

80

20 mi.
10/26/2011

0.09
0.040

0.070

0.040

0.23

0.09

145.21

141.82

38.29

35.71

66.13

62.81

296.3

275.4
3.00

721

Unit

mg/L
mg/L|

mg/L|
mg/L|
mg/L
mg/L
mg/L
mg/L
mg/L|
mg/L|
mg/L|
mg/L|

mg/I

mg/I
mg/L

mg/L

MDL

0.0
0.¢

0.0

0.0

0.0

0.0

0.0

0.0

0.¢

0.¢

0.¢

0.¢

.00
.00

Method

07 EPA 200.7
07 EPA 200.7

36 EPA 200.7

36 EPA 200.7

10 EPA 200.7

10 EPA 200.7

07 EPA 200.7

07 EPA 200.7

06 EPA 200.7

06 EPA 200.7

07 EPA 200.7

07 EPA 200.7

SM20B34

SM20B34
SM202540

SM202540
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Parameter

Temperature

Flow

Sugarcamp
10/26/2011

16.23
2.89

Robinson
Fork
10/26/2011

15.90

2.31

Radner
10/26/2011

15.30

3.62

Mammoth
10/26/2011

16.33

2.75

20 mi.
10/26/2011

17.3

2.89

Unit

°C

cfs

MDL

Method

Field Test
SM202550 B
Field Test
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Table 9 — lon Imbalance Calculations from the
GRI model from Spring 2011

Sampling % Charge % Survival 100%
Location Difference Stream Water
. 6.31 99.7
'6(/335201_1 26.96 99.7
E,%?S{,"l'! -0.27 98.4
o 10.73 99.2
il 63.21 99.9
Table 10 — lon Imbalance Calculations from
the GRI model from Fall 2011
Sampling % Charge % Survival 100%
Location Difference Stream Water
101261201 2.05 993
lozoon | 588 999
10126/2011 631 987
5P 317 84.6
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Sampling % Charge % Survival 100%
ITocation Difference Stream Water
1012612011 1126 100
TBEFE 17.18 99.2
gﬂoa}gg;|£011 0.27 984
11 10.73 99.2
e paen 63.21 99.9

Table 11 - Company 2 Additional Water Data Winter 211

oue | ST [ ey S | ros ou
%ﬂer (B:irgeek Horse| 1337 1,480 662.0 1183
\z%i?tler \I];rlgrlich M 775 766 294.3 527
\zl\ggtler Pond Fork 143.3 764 179.0 466
\2/\(/)Ttler II\BArl;?lch ek 95.2 1,333 536.7 947
\2/\(/)Ttler West Fork 573.3 1,597 216.7 1,003
\2/\(/)Ttler Coal Fork 20.1 1,361 222.7 766
\2/\(/)i;1tler Seng Creek 176.7 1,453 554.0 1,072
\2/\(/)|;1tler Cabin Creek 91.7 965 381.7 656
‘Z’%thr Tomrs Eork 186.0 2,200 1,042.7 1,833
%ﬂer '(‘)'glf white | 6.9 750 333.3 503
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Table 12 - Company 2 Additional Water Data Fall 201

Date Sampling Bicarbonate | Conductivity Sulfate TDS
Location (mg/L) (uS/cm) (mg/L) (mg/L)
Fall | UNT Boone
2011 Block Hollow 195.7 1,400 584.0 971
Fall
2011/ Big Horse Creek 132.7 1,903 1,321.7 1,267
Fall
2011 Cow Creek 155.0 926 241.3 569
Fall
2011 Jarrell Branch 301.3 1,493 260.0 838
Fall
2011 UNT Left Eork 87.9 1,947 963.3 1,367
Fall
2011| Pond Fork 207.7 961 218.0 574
Fall
2011| Moccasin Hollow 68.9 1,500 736.7 1,009
Fall | UNT Tenmile
2011| Fork 253.0 1,840 842.0 1,310
Fall
2011| Pond Fork 128.7 762 203.7 462
Table 13 - Survival ofCeriodaphnia dubia Seven-day
Chronic Toxicity Tests in 2008
%
. % Survival Initial Field
Test Start Samp!lng Control | in100% | LC50 | NOEC | Conductivity
Date Location X
Survival |  Stream (uS/cm)
Water
12/12/2008 Hardway Branch 90 100 >100 10( 1,373
12/12/2008 Line Creek 90 100 >100 100 883
12/12/2008 Taylor Fork 90 100 >100Q 100 350
12/15/2008 Big Creek 100 100 >100 100 918
12/16/2008 Laurel Creek 100 100 >100 100 1,550
12/16/2008 Mudlick Fork 90 100 >100 100 2,540
12/16/2008 Robinson Creek 100 100 >100 100 802
12/16/2008 ﬁg:ﬁce Laurel g9 100 >100| 100 550
12/16/2008 Stollings Fork 80 100 >10( 100 1,826
12/16/2008 West Fork 100 100 >10( 100 2,120
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Table 14 - Survival ofCeriodaphnia dubia Seven-day
Chronic Toxicity Tests 2009

% Survival
Test . % in 100% Initial Field
Start ig::nari:g]r? Control Stream LC50 | NOEC | Conductivity
Date Survival Water (uS/cm)
Survival
Downstream
6/23/2009 Fifteen Mile Fork 100 50 >100 50 1,092
6/23/2009 | Mammoth Site 2 100 100 >100 100 631
6/23/2009 | UpStream Fifteen 4, 90 >100| 100 1,078
Mile Fork
6/23/2009 | Mammoth Site 1 100 100 >100 100 815
6/30/2009 | PM 260 Inlet 80 70 >100 100 1,578
6/30/2009 | Laurel Creek 80 90 >100 100 2,342
6/30/2009 | PM 316 Pond 90 90 >100 100 1,598
6/30/2009 | Mouth ofl 100 100 >100| 100 2,137
Robinson Creek
6/30/2009 | Stollings Fork 100 80 >100 100 1,839
6/30/2009 | Mudlick Fork 90 80 >10( 10Q 2,818
9/14/2009 | Ballard Branch 90 100 >100 100 1,783
9/14/2009 | Calvin Branch 90 80 >100 100 1,090
9/14/2009 | Stanley Fork 100 80 >100 5( 2,520
9/14/2009 | Cow Creek 100 90 >100 5@ 1,010
9/14/2009 | Jarrell Branch 80 80 >100 100 2,660
9/21/2009 | White Oak 90 80 >100 100 1,338
9/21/2009 | Joes Creek 100 100 >100 100 2,990
9/21/2009 | Tenmile Fork 90 80 >100 100 1,378
9/21/2009 | Left Fork 100 50 100 25 2,660
9/29/2009 | Hardway Pond 100 90 >100 100 1,214
9/29/2009 | Laurel Creek 90 100 >100 100 1,307
9/29/2009 | PM 316 Pond 100 100 >100 100 1,892
Mouth of
9/29/2009 | Robinson Creek 100 90 >100 100 1,912
@ PM 24 location
9/29/2009 | Mudlick Fork 100 90 >100 100 2,081
9/29/2009 | Stollings Fork 80 90 >100 100 1,267
Downstream
10/06/2009 Fifteen Mile Fork 100 0 57 50 1,164
10/6/2009 | Sxmile offl 100 100 >100| 100 889
Hughes Creek
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% Survival
Test Samolin % in 100% Initial Field
Start LocaF;iong Control Stream LC50 | NOEC | Conductivity
Date Survival Water (uS/cm)
Survival
10/6/2009 | UPstream  Fifteen 90 >100| 100 1,117
Mile Fork
10/6/2009 | Hughes Fork off 100 >100| 100 765
Bells Creek
Table 15 - Survival ofCeriodaphnia dubia Seven-day
Chronic Toxicity Tests 2010
% Survival " .
Test : % : 0 Initial Field
Start ig::nari:g]r? Control Igt%ggn/;) LC50 | NOEC | Conductivity
Date Survival (uS/cm)
Water
2/15/2010 Tenmile Fork 90 100 >100 100 1,130
2/15/2010 White Oak 80 100 >100 100 1,028
2/15/2010 Left Fork 90 100 >100 10(0 1,800
2/15/2010 Joes Creek 90 90 >100 100 1,077
2/15/2010 | Sycamore Fork 90 90 >100 100 594
2/22/2010 Cow Creek 100 90 >100 100 767
2/22/2010 Jarrell Branch 100 80 >100 100 1,833
2/22/2010 Stanley Fork 100 100 >100 100 1,798
2/22/2010 Ballard Branch 100 90 >100 100 795
2/22/2010 Calvin Branch 90 100 >100 100 748
Hardway Pond @
4/20/2010 Location PM 236 100 100 >100 100 2,145
412012010 gg’y Fork @ PM| 449 100 >100] 100 1,340
4/20/2010 ﬁ,‘\’ﬂb'lnsslon North @ 19 100 >100| 100 2380
4/27/2010 Horse Creek 100 90 >100 100 429
6/2/2010 No Name 100 100 >100 100 1,470
6/2/2010 Slip Ridge 100 90 >100 100 1,096
6/2/2010 Bias Branch 100 90 >100 100 392
6/2/2010 |YBB ~Area —of 4, 100 >100| 100 1,760
Jarrells Branch
6/2/2010 Mudlick Fork 100 90 >100 100 2,403
6/2/2010 | Mouth of Robinson) 90 >100| 100 1,275
Creek
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% Survival -
Test . % : Initial Field
Start ii::nari:g]r? Control Igt%gg:m/;) LC50 | NOEC | Conductivity
Date Survival (uS/cm)
Water
9/20/2010 | Mud Lick Branch 90 90 >100 100 1,363
9/20/2010 | Jack Smith Branch 100 100 NTD*100 690
9/20/2010 | Big Horse Creek 80 90 >100 100 1,538
9/20/2010 | Pond Fork 100 100 >100 100 840
9/20/2010 | West Fork 100 100 >100 100 1,610
9/27/2010 | Cabin Creek 90 100 >100 100 1,030
9/27/2010 | Coal Fork 100 100 >100 100 2,414
9/27/2010 | Seng Creek 100 90 >100 100 1,631
9/27/2010 | Tom’s Fork 100 70 >100 100 2,351
9/27/2010 | Little White Oak 100 90 >100 100 294
9/28/2010 | Slip Ridge 100 100 >100 100 817
9/28/2010 | Horse Creek 100 90 >100 100 693
9/28/2010 | Bias Branch 100 100 >100 100 342
UBB Area of
9/28/2010 | Jarrells Branch 100 100 | >100 100 1,759
9/28/2010 | Mudlick Fork 100 60 >100 50 3,019
9/28/2010 | No Name 100 0 50 50 1,718
9/29/2010 | Mudlick Fork 100 90 >100 100 2,081
Mouth of Robinsor
10/12/2010/ Creek 100 90 >100 100 2,311
10/12/2010| Twenty Mile Creek 90 100 >100 100 3,047
Lilly Fork @ PM
10/12/2010 89 100 90 >100 100 1,579
Hardway Pond @
10/12/2010 Location PM 236 100 90 >100 100 1,516
Table 16 - Survival ofCeriodaphnia dubia Seven-day
Chronic Toxicity Tests 2011
% Survival -
;’est Sampling % N 100% Initial Flglq
tart . Control LC50 | NOEC | Conductivity
Date Seeaten Survival ?Ntream (US/cm)
ater
2/14/2011 Mud Lick Branch 90 100 >100 100 1,403
2/14/2011 Jack Smith Branch 100 90 >100 100 816
2/14/2011 Big Horse Creek 100 90 >100 100 1,546
2/14/2011 Pond Fork 90 90 >100 100 795
2/14/2011 West Fork 100 90 >100 100 1,570
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% Survival " .
Test : % : 0 Initial Field
Start SLg?a‘:::)nng Control Igt%ggrﬁ) LC50 | NOEC | Conductivity
Date Survival (uS/cm)
Water
2/21/2011 Cabin Creek 90 90 >100 100 1,055
2/21/2011 Coal Fork 100 90 >100 10( 1,827
2/21/2011 Seng Creek 80 80 >100 100 1,588
2/21/2011 Tom’s Fork 100 80 >10p 100 2,412
2/21/2011 Little White Oak 80 80 >100 100 887
Below 033 on 2C
5/24/2011 | Mile Fork 100 80 >100] 100 105
James Creek
5/24/2011 | below 015 100 90 >100] 100 1,692
029 on Radner
5/24/2011 | Fork of 20 mile 100 100 >100) 100 1,232
013 Robinsorn
5/24/2011 | North on 20 mile | 90 100 >100) 100 472
5/24/2011 001 on Sugarcamp 100 100 >100 100 1,341
Bandmill Below
6/2/2011 016 100 80 >100 100 1,127
Delbarton below
6/2/2011 400 100 100 >100 100 990
6/2/2011 ICC Below 031 100 100 >1Q00 100 882
Mammoth below
6/2/2011 004 100 100 >100 100 1,207
Marfork Below
6/2/2011 018 100 100 >100 100 857
UNT Left Fork
9/19/2011 Creek 90 80 >100 100 2,070
UNT Tenmile
9/19/2011 Fork 90 80 >100 100 1,850
UNT Boone Block
9/19/2011 Hollow 80 90 >100 100 1,540
9/19/2011 Big Horse Creek 80 80 >100 100 2,130
9/26/2011 Pond Fork 90 100 >1Q00 100 844
9/26/2011 Cow Creek 80 90 >100 100 1,090
9/26/2011 Jarrell Branch 100 100 >100 100 1,520
9/26/2011 Pond Fork 100 100 >100 100 1,160
9/26/2011 Moccasin Hollow 90 90 >100 10( 1,600
Below 033 on 2C
10/25/2011 | Mile Fork 100 70 >100| 100 a1
Mammoth below
10/25/2011 | 004 90 100 >100 100 460
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% Survival -
Test : % : 0 Initial Field
Start SLg?a‘:ilg]ng Control Igt%ggrﬁ) LC50 | NOEC | Conductivity
Date Survival (uS/cm)
Water
029 on Radner
10/25/2011 | Fork of 20 mile 90 100 >1001 100 1,414
013 Robinson
10/25/2011 | North on 20 mile 100 100 >100 100 2,018
10/25/2011 | 001 on Sugarcamp 90 100 >100 100 1,71(
Bandmill Below
11/1/2011 | 016 100 100 >100 100 1,084
Delbarton  below
11/1/2011 | 400 80 100 >100 100 591
11/1/2011 ICC Below 031 100 100 >100 100 671
James Creek
11/1/2011 | below 015 90 70 >100] 100 1,495
Marfork Below
11/1/2011 | 018 100 100 >100 100 340
Table 17 - Reproduction ofCeriodaphnia dubia Seven-day
Chronic Toxicity Tests in 2008
Test Start Initial Field
D Sampling Location | NOEC | LOEC | IC25 Conductivity
ate
(uS/cm)
12/12/2008 Hardway Branch 100 >100 93.95 1,373
12/12/2008 Line Creek 100 >100/ >100.00 883
12/12/2008 Taylor Fork 100 >100| >100.00 350
12/15/2008 Big Creek 100 >100| >100.00 918
12/16/2008 Laurel Creek 100 >100, >100.00 1,550
12/16/2008 Mudlick Fork 100 >100| >100.00 2,540
12/16/2008 Robinson Creek 100 >100 >100.00 802
12/16/2008 Spruce Laurel Fork 100 >100 >100.p0 550
12/16/2008 Stollings Fork 100 >100( >100.00 1,826
12/16/2008 West Fork 100 >100( >100.00 2,120
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Table 18 - Reproduction ofCeriodaphnia dubia Seven-day

Chronic Toxicity Tests in 2009

Test Sampling Initial Field
Start L . NOEC LOEC IC25 Conductivity
ocation
Date (uS/cm)
6/23/2009 | Downstream Fifteen ), o 25 17.90 1,092
Mile Fork
6/23/2009] Mammoth Site 2 50.0 100 91.50 631
6/23/2009| UPstream Fifteen |, 25 18.40 1,078
Mile Fork
6/23/2009] Mammoth Site 1 50.0 100 86.20 815
6/30/2009 PM 260 Inlet 100.0  >100 97.4D 1,578
6/30/2009 Laurel Creek 100.0 >100 >100/00 2,342
6/30/2009 PM 316 Pond 100.( >100  >100/00 1,598
6/30/2009 MO”thé):e'zEb'”Son 1000 | >100 | 98.60 2137
6/30/2009 Stollings Fork 50.0 100 69.10 1,839
6/30/2009 Mudlick Fork 50.0 100 54.50 2,818
9/14/2009 Ballard Branch 100.0 >100 >100/00 1,783
9/14/2009 Calvin Branch 100.0 >100  >100.00 1,090
9/14/2009 Stanley Fork 50.0 100 74.25 2,520
9/14/2009 Cow Creek 50.0 100 83.411 1,010
9/14/2009 Jarrell Branch 100.¢ >100 69.94 2,660
9/21/2009 White Oak 100.0 >100]  >100/0 1,338
9/21/2009 Joes Creek 100. >100  >100.0 2,990
9/21/2009 Tenmile Fork 100.0 >100 81.26 1,378
9/21/2009 Left Fork 25.0 50 29.28 2,660
9/29/2009 Hardway Pond 100.( >100 100.00 1,214
9/29/2009 Laurel Creek 50.0 100 71.00 1,307
9/29/2009 PM 316 Pond 50.0 100 >100 1,892
Mouth of Robinson
9/29/2009| Creek @ PM 24 | 50.0 100 95.40 1,912
location
9/29/2009 Mudlick Fork 25.0 50 55.70 2,081
9/29/2009 Stollings Fork 100.0  >100] >100.00 1,267
10/06/2009 Downstream Fifteen 4, o 25 18.70 1,164
Mile Fork
10/6/2009 S'Xm"‘égfelt'“ghes 100.0 | >100 | >100.00 889
10/6/2009| UPstream Fifteen | 50 15.70 1,117
Mile Fork
10/6/2009 | Hughes Forkoff 1505 | 5100 | 80.60 765
Bells Creek
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Table 19 - Benthic Macroinvertebrate Metrics and
Their Response to Disturbance

Metric Description
Taxa Richness Number of distinct taxa present
EPT Taxa Richness Numbe_r of Ephemeroptera, Plecoptera,
and Trichoptera taxa present
Percentage of sample which is composed

Percent EPT

of the sensitive EPT individuals

Percent Two

Taxa

Dominan

tMeasures the dominance of the two most
abundant taxa as a percentage

Percent Chironomidae

Percentage of sample which is compo
of the family Chironomidae

sed

Hilsenhoff Biotic

Index

Abundance-weighted average tolerance of
assemblage of organisms (Scale of zerp to

(HBI)

10)

Table 20

WVSCI Scoring Criteria

> 60.6 to 68.0
GREY ZONE

Table 21 - Reproduction ofCeriodaphnia dubia Seven-day
Chronic Toxicity Tests in 2010

Test Sampling Initial Figl_d

Start Location NOEC | LOEC IC25 | Conductivity

Date (uS/cm)
2/15/2010| Tenmile Fork 100.0 >100 >100.00 1,130
2/15/2010| White Oak 100.0 >100 >100.00 1,028
2/15/2010| Left Fork 50.0 100 90.47 1,800
2/15/2010| Joes Creek 100.0 >10( >100.00 1,077
2/15/2010| Sycamore Fork 100.0 >100 >100}00 594
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Test : Initial Field
Start famp!'”g NOEC | LOEC | I1c25 |Conductivity
ocation
Date (uS/cm)
22212010 | Cow Creek 50.0 100 74.72 767
2/22/2010| Jarrell Branch 100.0 >100 >100,00 1,833
2/22/2010| Stanley Fork 50.0 100 93.62 1,798
2/22/2010 | Ballard Branch 1000 >100, _ >100/00 795
2/22/2010| Calvin Branch 100.( >100 >100.00 748
Hardway Pond @
a20/2010| MR | D07 50.0 100 90.60 2 145
412012010 Lilly Fork @ PM 89 50.0 100 85.70 1.340
4120/2010 ?gf'”son North @ PM 1500 | 100 | 89.60 2380
4/27/2010 Horse Creek 100.0 >100 >100.00 429
6/2/2010 | No Name 50.0 100 65.50 1.470
6/2/2010 | Slip Ridge 1000  >100]  95.10 1,096
6/2/2010 | Bias Branch 125 25 15.40 392
6/2/2010 | UBB Area of Jarrells o 50 45.00 1,760
Branch
6/2/2010 | Mudlick Fork 25.0 50 46.60 2403
9/20/2010 g"%‘gﬂ of  Robinson g, 100 62.70 1,275
9/20/2010| Mud Lick Branch 1000 >100]  77.40 1,363
9/20/2010 | Jack Smith Branch 50.0 100 65.35 690
9/20/2010| Big Horse Creek 100.0 >100 >100}00 1,538
9/20/2010| Pond Fork 1000 >100]  >100,00 840
9/27/2010| West Fork 1004 >100]  84.90 1,610
9/27/2010| Cabin Creek 1000 >100 _ >10000 1,030
9/27/2010| Coal Fork 100.0 >100 87.74 2,414
9/27/2010| Seng Creek 50.0 100 78.49 1,631
9/27/2010| Tom's Fork 50.0 100 56.61 2351
9/28/2010 | Little White Oak 1000 >100| >100.00 204
9/28/2010| Slip Ridge 1000 >100|  >100.00 817
9/28/2010 | Horse Creek 1000 >100 _ 75.40 693
9/28/2010 | Bias Branch 1000 >1000 _ 25.70 342
o/28/2010 | YUBB Area of Jarells g, 100 74.60 1,759
Branch
9/28/2010| Mudlick Fork 25.0 50 51.10 3.019
9/29/2010| No Name 125 25 29.60 1718
10/12/2010 Mudlick Fork 25.0 50 55.70 2.081
10/12/2010 ?:A%LSE of  Robinsor) 4, 100 68.80 2311
10/12/2010 Twenty Mile Creek 50.0 100 73.50 3,047
10/12/2010| Lilly Fork @ PM 89 100.0| >100 | >100.00 1,579
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Test . Initial Field
Start famp!'”g NOEC | LOEC | I1c25 |Conductivity
ocation
Date (uS/cm)
Hardway Pond @
10/12/2010 Location PM 236 50.0 100 52.70 1,516
Table 22 - Reproduction ofCeriodaphnia dubia Seven-day
Chronic Toxicity Tests in 2011
Test : Initial Field
Start SLamp.“”g NOEC | LOEC | IC25 | Conductivity
ocation
Date (uS/cm)
2/14/2011 | Mud Lick Branch 100.(¢ >100 >100/00 1,403
2/14/2011 | Jack Smith Branch 100.0 >100 >100.00 816
2/14/2011 | Big Horse Creek 100.0 >100 >100.00 1,546
2/14/2011 | Pond Fork 100.0 >100 >100/00 795
2/14/2011 | West Fork 100.¢ >100 >100/00 1,570
2/21/2011 | Cabin Creek 100.0 >100 >100.00 1,055
2/21/2011 | Coal Fork 100.¢ >100 >100,00 1,827
2/21/2011 | Seng Creek 100.0 >100 >100.00 1,588
2/21/2011 | Tom'’s Fork 100.G >100 58.31 2,412
2/21/2011 | Little White Oak 50.0 100 71.27 887
4/20/2011 | Lilly Fork @ PM 89 50.0 100 85.70 1,340
5/24/2011 Eg:ﬁ"" 033 on 20 Mile 566 | 100 | 70.10 105
5/24/2011 | James Creek below 015 50,0 100 58,60 21,69
5/24/2011 ?nzilge on Radner Fork of 20 55 | 50 | 47.80 1,232
5/24/2011 ?nllli Robinson North on 20 10 o | 5100| >100.00 472
5/24/2011 | 001 on Sugarcamp 100.0 >100 >100.00 1,341
6/2/2011 | Bandmill Below 016 100.0 >100 >100/00 1,127
6/2/2011 | Delbarton below 400 100.0 >100 >100.00 990
6/2/2011 | ICC Below 031 100.( >100 >100/00 882
6/2/2011 | Mammoth below 004 100.0 >100 >100.00 1,207
6/2/2011 | Marfork Below 018 100.(¢ >100 >100/00 857
9/19/2011 | UNT Left Fork Creek 100.0 >100 >100,00 2,070
9/19/2011 | UNT Tenmile Fork 100.0 >100 >100/00 1,850
9/19/2011 | UNT Boone Block Hollow  100.0 >100 >100/00 1,540
9/19/2011 | Big Horse Creek 100.0 >100 >100.00 2,130
9/26/2011 | Pond Fork 100.0 >]100 >100/00 844
9/26/2011 | Cow Creek 100.0 >100 >100/00 1,090
9/26/2011 | Jarrell Branch 100.0 10( >100,00 1,520
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Test : Initial Field
Start emplig NOEC | LOEC | IC25 | Conductivity
Location

Date (uS/cm)
9/26/2011 | Pond Fork 100.0 >100 >100/00 1,160
9/26/2011 | Moccasin Hollow 100.(¢ >100 >100/00 1,600
10/25/2011 Eg'rﬁw 033 on 20 Mile 1550 | >100| 9650 747
10/25/2011| Mammoth below 004 50.0 100 84.20 460
10/25/2011 ?nzngeon Radner Fork of 201006 | 5100 | >100.00 1,414
10/25/2011 ?nlfé Robinson North on 20, 5 | 5100| >100.00 2,018
10/25/2011| 001 on Sugarcamp 100.0 >10p0 88(10 1,710
11/1/2011 | Bandmill Below 016 100.0 >100 >100/00 1,084
11/1/2011 | Delbarton below 400 1000 >100 >100.00 591
11/1/2011 | ICC Below 031 50.0 100 42.20 671
11/1/2011 | James Creek below 015 50(0 100 66,50 51,49
11/1/2011 | Marfork Below 018 100.0 >100 >100/00 340
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Table 23 - Habitat Assessment for Benthic Macroinvéebrate

Toxicity Sampling Fall 2009

Habitat . igh?tflt Ballard | Calvi Stati\(;\r/]h't Oak | J
ossible allar alvin ite Oa oes

CElEEyPRI e Score Branch Branch Creek Creek
Epifaunal
Substrate/Available 20 11 15 14 11
Cover
Embeddedness 20 11 10 7 13
Velocity/Depth Regime 20 9 10 13 13
Sediment Deposition 20 14 16 14 15
Channel Flow Status 20 7 9 15 14
Channel Alteration 20 15 15 15 13
Frequency of Riffles (or 20 6 10 14 12
bends)
Bank Stability 20 16 10 14 12
Vegetative Protection 20 16 16 14 14
Riparian Vegetative
Zone Width 20 ! 3 4 4
Total 200 112 114 124 121
Assessment category Marginal Suboptimal | Suboptimal | Suboptimal
Epifaunal Substrate/Available
Cover 20 14 15 15
Embeddedness 20 12 6 13
Velocity/Depth Regime 20 15 12 14
Sediment Deposition 20 11 8 12
Channel Flow Status 20 14 7 11
Channel Alteration 20 15 15 15
Frequency of Riffles (or bends) 20 14 12 11
Bank Stability 20 11 8 14
Vegetative Protection 20 12 16 12
Riparian Vegetative Zone Width 20 4 2 4
Total 200 122 101 121
Assessment category Suboptimal | Marginal | Suboptimal | Suboptimal
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Table 24 - Habitat Assessment for Benthic

Macroinvertebrate Toxicity Sampling Fall 2010

Habitat Highest —g T Jack Séqtion

abita . u ac i

Category/Parameter PgSS'ble Lick Smith Horg']s,e One ST
core Fork Fork

Branch | Branch Creek

Epifaunal

Substrate/Available 20 8 13 14 14 14

Cover

Embeddedness 20 2 13 10 10 8

Velocity/Depth 20 7 14 13 14 12

Regime

Channel Alteration 20 8 14 14 14 14

Sediment Deposition 20 14 13 14 14 14

Frequency of Riffleg 20 13 12 13 15 13

(or bends)

Channel Flow Status 20 12 12 13 14 14

Bank Stability 20 12 7 13 13 12

Bank . Vegetative 20 13 6 10 12 14

Protection

Width of

Undisturbed 20 2 2 2 2 4

Vegetative Zone

Total 200 91 106 116 122 119

RBP Assessment Marginal | Marginal Sub- Sub- Sub-

Category Optimal Optimal Optimal

Benthic

Macroinvertebrate 20 8 14 15 15 14

Substrate

Trash Index 20 12 5 11 8 11

Remoteness Rating 20 4 6 5 4 6

Epifaunal

Substrate/Available 20 10 14 11 14 10

Cover

Embeddedness 20 10 13 9 14 12

Velocity/Depth 20 12 9 12 14 6

Regime

Channel Alteration 20 13 14 13 14 14

Sediment Deposition 20 12 14 13 13 14

Frequency of Riffleg 20 13 12 14 14 9

(or bends)

Channel Flow Status 20 12 11 11 12 6

96




Station

. Highest ;

Habitat . Mud Jack Bi

Category/Parameter Pgssmle Lick Smith Hor%e e e
core Fork Fork
Branch | Branch Creek
Bank Stability 20 10 11 10 12 9
Bank _ Vegetative 20 11 12 10 9 12
Protection
Width of
Undisturbed 20 5 4 2 5 12
Vegetative Zone
Total 200 108 114 105 121 104
RBP Assessment Sub- Sub-
Category Marginal | Optimal | Marginal | Optimal Marginal
Benthic
Macroinvertebrate 20 9 14 10 14 6
Substrate
Trash Index 20 5 14 10 13 11
Remoteness Rating 20 4 7 5 6 13
Table 25 - Habitat Assessment for Benthic
Macroinvertebrate Toxicity Sampling Fall 2011
Station

Habtat | pdSS ] UNT | UNT | gBR L Big | oo

Category/Parameter S Left Tenmile Horse
core Block Fork
Fork Fork Creek
Hollow

Epifaunal
Substrate/Available 20 10 12 13 13 14
Cover
Embeddedness 20 6 9 11 13 11
Velocity/Depth 20 13 8 12 7 15
Regime
Channel Alteration 20 14 12 15 11 10
Sediment Deposition 20 10 12 6 11 12
Frequency of Riffles 20 13 11 11 10 14
(or bends)
Channel Flow Status 20 15 14 14 13 14
Bank Stability 20 14 14 16 16 12
Bank _ Vegetative 20 16 18 16 16 9
Protection
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Station

Highest UNT .
Possible lil;lf‘tl' Tgnl\rlT-:-ile Boone Hilrie Pond
Habitat Score Fork Fork Block Creek Fork
Category/Parameter Hollow
Width of
Undisturbed 20 6 10 10 4 4
Vegetative Zone
Total 200 117 120 124 114 115
RBP
Assessment Sub- Sub- Sub- Sub- Sub-
Category Optimal | Optimal Optimal | Optimal Optimal
Benthic
Macroinvertebrate 20 10 13 13 13 14
Substrate
Trash Index 20 7 10 14 16 11
Remoteness Rating 20 7 6 13 4 5
Table 25 (Continued) - Habitat Assessment for Bentb
Macroinvertebrate Toxicity Sampling Fall 2011
: Highest Station
Habitat . :
Possible Cow Jarrell Pond Moccasin
SRR Score Creek Branch Fork Hollow
Epifaunal
Substrate/Available 20 13 11 14 14
Cover
Embeddedness 20 11 10 13 13
Vquuty/Depth 20 14 6 14 15
Regime
Channel Alteration 20 14 5 14 13
Sediment Deposition 20 13 11 13 14
Frequency of Riffles 20 12 6 13 15
(or bends)
Channel Flow Status 20 14 14 14 15
Bank Stability 20 12 12 12 11
Bank _ Vegetative 20 10 4 13 8
Protection
Width of
Undisturbed 20 4 2 6 6
Vegetative Zone
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Habitat Highest Station
Possible Cow Jarrell Pond Moccasin
Category/Parameter Score Creek Branch Fork Hollow
Total 200 117 81 126 124
RBP Assessment Sub- . Sub- Sub-
Category Optimal Marginal Optimal Optimal
Benthic
Macroinvertebrate 20 13 6 13 13
Substrate
Trash Index 20 13 11 11 14
Remoteness Rating 20 4 4 5 6
Table 26 - Inorganic Substrate Components Result®f
Benthic Macroinvertebrate Toxicity Sampling Fall 2009

Sampling Station | Bedrock | Boulder | Cobble | Gravel | Sand Silt Clay
Ballard Branch 0 5 35 30 20 10 0
Calvin Branch 5 10 60 10 10 5 0
White Oak Creek 0 15 30 25 20 10 0
Joes Creek 0 15 40 20 20 5 0
Tenmile Fork 0 5 40 35 10 10 0
Stanley Fork 0 5 60 10 20 5 0
Cow Creek 10 15 40 20 10 5 0
Jarrell Branch 0 5 45 30 10 10 0
Left Fork 0 20 20 40 10 10 0
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Table 27 - Inorganic Substrate Components Result®f
Benthic Macroinvertebrate Toxicity Sampling Fall 2010

Sampling Coarse Fine Silt &
Station Bedrock | Boulder | Cobble Gravel Gravel Sand Fines Clay
Mud Lick | g 10 5 10 10 5 0 0
Branch
Jack
Smith 0 10 40 10 10 10 10 0
Branch
Big
Horse 0 10 30 20 20 10 20 0
Creek
Pond 0 25 50 5 10 10 0 0
Fork
West 0 20 30 40 5 0 5 0
Fork
Cabin 0 10 60 10 10 10 0 0
Creek
Coal Fork 5 40 30 10 5 10
Seng 40 20 20 10 10 0
Creek
Tom's 0 20 40 20 10 10 0 0
Fork
Little
White 0 10 60 20 10 0 0 0
Oak

Table 28 - Inorganic Substrate Components Result®f

Benthic Macroinvertebrate Toxicity Sampling Fall 2011
Sampling Station | Bedrock | Boulder | Cobble Seetess)| A Sand S.'It < Clay

Gravel | Gravel Fines

UNT Left Fork 10 5 35 25 15 5 5 0
UNT Tenmile Fork 0 0 45 25 20 5 5 0
UNT Boone Blockl 0 40 25 10| 15| 10| o©
Hollow
Big Horse Creek 0 0 40 25 15 10 10
Pond Fork 0 5 40 20 20 10 10 (
Cow Creek 10 30 40 10 5 5 0
Jarrell Branch 0 0 30 40 20 1( 0 @
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: . Coarse| Fine Silt &
Sampling Station | Bedrock | Boulder | Cobble Gravel | Gravel Sand Fines Clay
Pond Fork 0 10 40 20 20 1C 0 ¢
Moccasin Hollow 0 10 20 20 40 10 0 G

Table 29 — Field Water Chemistry Results for Benthd
Macroinvertebrate Sampling Fall 2009
Sampling | Conductivity | Dissolved Temperature | pH Turbidity | Flow
Station (uS/cm) Oxygen (mg/L) | (°C) (S.U.) (NTU) (cfs)
Ballard 1,687 9.83 16.6 8.26 6.3 0.45
Branch
Calvin 984 10.33 13.9 7.78 3.0 0.59
Branch
Stanley 1,951 9.87 15.1 8.28 10.0 2.86
Fork
Cow 960 10.17 154 8.53 0.0 3.23
Creek
Jarrel 2,410 9.10 18.2 8.38 5.7 0.80
Branch
White 1,197 9.29 17.6 7.98 6.20
Oak
Joes 2,990 9.52 16.7 7.66 2.28
Creek
Tenmile 1,112 10.36 13.9 7.95 3.48
Fork
Left Fork 1,842 9.51 16.9 8.01 2.82
Table 30 — Field Water Chemistry Results for Bentta
Macroinvertebrate Sampling Fall 2010
Sampling | Conductivity Dissolved Temperature pH Turbidity Flow
Station (uS/cm) Oxygen (mg/L) (°C) (S.U)) (NTU) (cfs)
Mud Lick)| 4 419 7.47 225 7.77 34.0 0.76
Branch
Jack
Smith 1,242 7.53 18.3 8.14 8.5 0.86
Branch
Big Horse| 4 261 7.22 18.8 7.91 1.7 211
Creek
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Sampling | Conductivity Dissolved | Temperature pH Turbidity Flow
Station (uS/cm) Oxygen (mg/L) (°C) (S.U)) (NTU) (cfs)
Pond 835 8.95 21.4 8.52 3.0 27 .50
Fork
West 1,686 8.53 19.3 8.21 4.9 13.4(
Fork
Cabin 1,039 8.89 14.2 8.11 11.0 26.1(
Creek
Coal Fork 2,747 9.13 14.5 7.92 4.1 6.76
Seng 1,657 8.65 16.2 8.31 2.8 2.45
Creek
Tom's 2,410 7.63 18.0 8.15 5.4 18.54
Fork
Little
White 222 7.75 17.1 7.87 3.6 0.04
Oak
Table 31 — Field Water Chemistry Results for
Benthic Macroinvertebrate Sampling Fall 2011
. . Conductivity | Temperature Turbidity | Flow
Sampling Station (uS/cm) °C) pH (S.U.) (NTU) (cfs)
UNT Left Fork 1,965 17.3 7.35 4.1 0.79
UNT Tenmile Fork 1,818 16.9 7.87 3.6 0.45
UNT  Boone Block 4 599 17.0 8.01 4.2 0.46
Hollow
Big Horse Creek 1,768 17.1 7.69 3.2 7.0
Pond Fork 622 16.0 8.42 4.0 19.6]
Cow Creek 744 16.1 8.70 45 3.31
Jarrell Branch 1,388 17.8 8.63 6.0 1.43
Pond Fork 766 18.5 8.64 49 48.1+
Moccasin Hollow 1,351 17.4 8.12 19.0 0.77
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Table 32 - Survival ofCeriodaphnia dubia in
Seven-day Toxicity Tests Fall 2009

y 0% | %o Survival Initial Field
REEENIG Control ) L0 LC50 NOEC Conductivity
Stream Survival Stream (uS/cm)
Water
Ballard Branch 90 100 >100.0 100 1,783
Calvin Branch 90 80 >100.4 100 1,090
White Oak 90 80 >100.0 100 1,338
Joes Creek 100 100 >100.0 104 2,990
Tenmile Fork 90 80 >100.0 100 1,378
Stanley Fork 100 80 >100.0 50 2,520
Cow Creek 100 90 >100.( 50 1,010
Jarrell Branch 80 80 >100.0 100 2,660
Left Fork 100 50 100.0 25 2,640

Table 33 - Results of Reproductive Comparisons for
Ceriodaphnia dubia Seven-day Toxicity Tests Fall 2009

Initial Field
Receiving Stream NOEC LOEC IC25 Conductivity
(US/cm)
Ballard Branch 100 >100.0 >100.00 1,783
Calvin Branch 100 >100.0 >100.00 1,090
White Oak 100 >100.0 >100.0( 1,338
Joes Creek 100 >100.0 >100.00 2,990
Tenmile Fork 100 >100.0 81.25 1,378
Stanley Fork 50 100.0 74.25 2,520
Cow Creek 50 100.0 83.41 1,010
Jarrell Branch 100 >100.0 69.94 2,660
Left Fork 25 50.0 29.28 2,640
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Table 34 - Survival ofCeriodaphnia dubia in
Seven-day Toxicity Tests Fall 2010

%
. % Survival in Initial Field
Rgce"””g Control | 100% LC50 | NOEC | Conductivity
tream X
Survival Stream (uS/cm)
Water
Mud Lick
Branch 90 90 >100.0 100 1,363
Jack  Smith
Branch 100 100 NTD* 100 690
Big Horse
Creek 80 90 >100.0 100 1,538
Pond Fork 100 100 >100.0 100 840
West Fork 100 100 >100.0 100 1,610
Cabin Creek 90 100 >100.0 100 1,030
Coal Fork 100 100 >100.0 100 2,414
Seng Creek 100 90 >100.0 100 1,631
Tom’s Fork 100 70 >100.0 100 2,351
Little White
Oak 100 90 >100.0 100 294

NTD* - No Toxicity Demonstrated

Table 35 - Results of Reproductive Comparisons for
Ceriodaphnia dubia Seven-day Toxicity Tests Fall 2010

Initial Field
Receiving Stream| NOEC LOEC IC25 Conductivity
(uS/cm)
Mud Lick Branch 100 >100.0 77.40 1,363
Jack Smith Branch 50 100.0 65.35 690
Big Horse Creek 100 >100.0 >100.00 1,538
Pond Fork 100 >100.0 >100.00 840
West Fork 100 >100.0 84.92 1,610
Cabin Creek 100 >100.0 >100.0 1,030
Coal Fork 100 >100.0 87.74 2,414
Seng Creek 50 100.0 78.49 1,631
Tom’s Fork 50 100.0 56.61 2,351
Little White Oak 100 >100.0 >100.0( 294
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Table 36 - Survival ofCeriodaphnia dubia in
Seven-day Toxicity Tests Fall 2011

%
% Survival Initial Field
Receiving Stream | Control in 100% LC50 NOEC | Conductivity
Survival Stream (US/cm)
Water
UNT Left Fork Creek 90 80 >100.0 100 2,070
UNT Tenmile Fork 90 80 >100.0 100 1,850
UNT Boone Block g 90 >100.0 100 1,540
Hollow
Big Horse Creek 80 80 >100.0 100 2,130
Pond Fork 90 100 >100.0 100 844
Cow Creek 80 90 >100.0 100 1,090
Jarrell Branch 100 100 >100.¢ 100 1,520
Pond Fork 100 100 >100.0 100 1,160
Moccasin Hollow 90 90 >100.0 100 1,600

Table 37 - Results of Reproductive Comparisons for
Ceriodaphnia dubia Seven-day Toxicity Tests Fall 2011

Initial Field
Receiving Stream NOEC LOEC IC25 Conductivity
(US/cm)
UNT Left Fork Creek 100 >100.0 >100.( 2,070
UNT Tenmile Fork 100 >100.0 >100.0 1,850
UNT Boone Block Hollow 100 >100.0 >100.0 1,540
Big Horse Creek 100 >100.0 >100.0 2,130
Pond Fork 100 >100.0 >100.0 844
Cow Creek 100 >100.0 >100.0 1,090
Jarrell Branch 100 100.0 >100.0 1,520
Pond Fork 100 >100.0 >100.0 1,160
Moccasin Hollow 100 >100.0 >100.0 1,600
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Table 38 - Genus Level Benthic Macroinvertebrate
Summary for Toxicity Sampling Fall 2009

EPT Percent
Station Sample Taxa Taxa Percent Two Percent HEB
Method Richness . EPT Dominant | Chironomidae
Richness Taxa
Ballard Branch Kicknet 11 3 21.52 64.56 46.84 418
Calvin Branch Kicknet 16 5 46.45 57.92 26.23 519
White Oak Creek Kicknet 23 6 49.04 53.85 23.56 4.7
Joes Creek Kicknet 13 7 22.98 69.57 58.39 48
Tenmile Fork Kicknet 14 6 40.22 63.13 45.25 45
Stanley Fork Kicknet 12 4 34.38 77.08 48.96 4/8
Cow Creek Kicknet 12 6 61.96 50.00 7.07 4.2
Jarrell Branch Kicknet 18 6 27.78 65.66 56.57 511
Left Fork Kicknet 11 4 86.15 86.54 10.00 1.7
Table 39 - Family Level Benthic Macroinvertebrate
Summary for Toxicity Sampling Fall 2009
EPT FEIOE WVSCI | WvsCl
Station Sl T axa Taxa PEIEE TV.VO _Percer)t HBI Total Scoring
Method | Richness| . EPT Dominant | Chironomidae o
Richness Score Criteria
Taxa
Ballard |\ het| 7 1 2152|  68.35 46.84 Brg - -
Branch
Calvin . .
Kicknet 12 2 46.45 64.48 26.23 6.0 51.67 Impaired
Branch
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Percent

: Sample| Taxa =i Percent Two Percent WVSCI V\NS.CI
Station Method | Richness {lexal EPT Dominant | Chironomidae g Total SEELE
Richness Score Criteria
Taxa
White
Oak Kicknet 17 4 49.04 65.38 23.56 5.4 60.27 Impaired
Creek
Joes . )
Kicknet 10 4 22.98 70.81 58.39 6.2 40.88 Impaired
Creek
lg:‘km"e Kicknet | 11 4 40.22 82.12 45.25 6.0 44.40 Impaired
gg?ﬂ'ey Kicknet| 11 3 34.38 77.08 48.96 5.4 44.25 Impaired
Cow Kicknet 10 4 61.96 53.26 7.07 5.1 63.65 Grey Zone
Creek
Jarrell . .
Kicknet 14 4 27.78 71.21 56.57 6.1 45.23 Impaired
Branch
:;?)frtk Kicknet 8 2 86.15 86.54 10.00 3.7 57.96 Impaired

** Less than 180 organisms
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Table 40 - Genus Level Benthic Macroinvertebrate

Summary for Toxicity Sampling Fall 2010

EPT Percent
. Sample | Taxa Percent| Two Percent
Station Method | Richness T:_;lxa EPT Dominant Chironomidae S
Richness
Taxa

Mud

Lick Kicknet 7 3 40.00 50.00 30.00 6.
Branch

Jack

Smith Kicknet 18 7 33.67 75.88 48.74 6.
Branch

Big

Horse | Kicknet 13 5 35.96 71.92 46.31 5.
Creek

Pond | icknet| 18 8 61.14 33.16 11.92 4,
Fork

West | \icknet | 14 6 21.54 72.82 61.54 6.
Fork

Cabin | icknet| 8 4 11.76 84.13 66.67 5
Creek

Coal | \icknet| 14 7 28.17 77.46 67.14 6.
Fork

Seng | yicknet| 18 8 35.64 61.70 39.89 5
Creek

Tom's | icknet| 10 6 60.40 56.44 34.65 5
Fork

Little

White | Kicknet 15 7 55.93 66.10 28.81 5.
Fork
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Table 41 - Family Level Benthic Macroinvertebrate
Summary for Toxicity Sampling Fall 2010

Percent

Station Sample| Taxa .II.E;(Ta Percent Two Percent HBI \A!I_\(/)?a(lll \évgﬁ%

Method | Richness Richness EPT | Dominant | Chironomidae Score Criteria
Taxa

Mud

Lick Kicknet 6 2 40.00 60.00 30.00 6.0 46.10 Impaired

Branch

Jack

Smith Kicknet 15 6 33.67 77.89 48.74 5.8 49.38 Impaired

Branch

Big

Horse Kicknet 10 4 35.96 74.88 46.31 5.7 44.82 Impaired

Creek

Pond . .

Fork Kicknet 13 6 61.14 48.19 11.92 4.6 69.79 Unimpajred

West . .

Fork Kicknet 11 4 21.54 77.95 61.54 6.0 38.86 Impaired

Cabin . .
Kicknet 7 3 11.76 84.31 66.67 6.2 29.83 Impaired

Creek

ngll(l Kicknet 13 6 28.17 87.32 67.14 5.8 41.24 Impaired

Seng | icknet| 16 6 35.64 69.68 39.89 5.7 54.40 Impaired

Creek

Tom’s . -l

Fork Kicknet 8 4 60.40 80.69 34.65 5.5 48.82 Impaired

Little

White Kicknet 13 6 55.93 67.80 28.81 5.3 59.12 Impaired

Fork
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Table 42 - Genus Level Benthic Macroinvertebrate
Summary for Toxicity Sampling Fall 2011

EPT Percent
. Sample| Taxa Percent Two Percent
Station Method | Richness _Taxa EPT Dominant | Chironomidae A2
Richness
Taxa
*
F‘é'r\'kT Left | icknet| 16 8 49.28|  46.38 17.39 503
UNT
Tenmile Kicknet 14 3 12.05 54.22 42.17 6.4
Fork
*UNT
Boone Block| Kicknet 18 5 46.63 58.55 20.73 14.0
Hollow
o
Big Horse| \icknet| 14 2 1.24 71.43 43.48 61
Creek
*Pond Fork Kicknet 14 7 21.70 68.40 50.00 5.4
Cow Creek Kicknet 14 5 60.77 57.89 6.22 4.4
*
Jarrell Kicknet | 13 4 8.57 74.29 41.90 5.1
Branch
Pond Fork Kicknef 14 7 39.89 64.48 48.09 5.6
Moccasin | \ivnet| 18 8 51.98|  56.50 34.46 52
Hollow

* all organisms identified in kicknet sample
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Table 43 - Family Level Benthic Macroinvertebrate
Summary for Toxicity Sampling Fall 2011

Percent
EPT WVSCI WVSCI
Station el T axa Taxa PEIEE TV.VO _Percer)t HBI Total Scoring
Method | Richness| .. EPT | Dominant | Chironomidae .
Richness Taxa Score Criteria
UNT Left Fork * Kicknet 14 6 49.28 53.62 17.39 52 64.75 Grey Zone|
UNT Tenmile Fork | Kicknet 13 2 12.05 54.22 42.17 9.8 46.01 Impaired
P eoone Block \icknet | 13 4 46.63|  60.10 20.73 5p 5852  Impaired
Big Horse Creek * | Kickne 11 2 1.24 71.43 43.48 9.6 38.24 Impaired
Pond Fork * Kicknet 13 6 21.70 68.40 50.00 5.6 088.5 Impaired
Cow Creek Kicknet 11 4 60.77 77.99 6.22 4.9 58.02 mpdired
Jarrell Branch * Kicknet 12 3 8.57 74.29 41.90 5.6 41.23 Impaired
Pond Fork Kicknet 10 5 39.89 64.48 48.09 5.4 50.09 Impaired
Moccasin Hollow Kicknet 17 7 51.98 56.60 34.46 5.0 65.62 Grey Zone|

*all organisms identified in kicknet sample

111



Literature Cited

American Petroleum Institute. 1998. The toxiafycommon ions to freshwater and
marine organisms. Document 0300-029. Washingi®, API Publication
4666. 75 p.

Barbour, M.T., J. Gerritsen, B.D. Snyder, and &8ibling. 1999. Rapid Bioassessment
Protocols for use in streams and wadeable riverperiphyton, benthic
macroinvertebrates, and Fish. 2nd Edition. EPAB£€9-002. pp. 1-1 — 11-22.

Bryant, G., S. McPhilliamy, and H. Childers. 2002. survey of the water quality of
streams in the primary region of mountaintop/valléyf coal mining.
Mountaintop mining/valley fill programmatic enviroemtal impact statement.
Region 3, US Environmental Protection Agency, Riglphia, Pennsylvania.
66 p.

Chapman, P. M. 1999. Whole effluent toxicity tegtirusefulness, level of protection,
and risk assessment. Environmental Toxicology amenh@stry 19: 3-13.

Chapman, P. M., H. Bailey, and E. Canaria. 200@xicity of total dissolved solids
associated with two mine effluents to chironomid/de and early life stages of
rainbow trout. Environmental Toxicology and Chemyid9: 210-214.

Cormier S. M., G .W. Suter, L. L. Yuan, and L. Zber2011. A field-based aquatic life
benchmark for conductivity in Central Appalachiaine8ms. US Environmental
Protection Agency, Washington. EPA/600/R-10/023F.

Cummins, K.W. 1975. Macroinvertebrates. In: WittB, editor. River Ecology.
London Blackwell Science Ltd, pp. 170 — 199.

EFMR Monitoring Group, Inc.: Lesson Plans. 2009. céssed 2012 Feb. 16
http://www.efmr.org

Fillo, J. P., S M. Koraido, and J. M. Evans. 199&ources, characteristics, and
management of produced waters from natural gasuptimh and storage
operations. In J. P. Ray & F. R. Engelhardt (Ed®joduced Water:
Technological/environmental Issues and Solutionswvirenmental Science
Research 46:151-162.

Goodfellow, W. L., L. W. Ausley, D.T. Burton, D. IDenton, P. B. Dorn, D. R. Grothe,
M. A. Heber, T. J. Norberg-King, and J. H. Rodge200. Major ion toxicity in
effluents: a review with permitting recommendasion Environmental
Toxicology and Chemistry 19: 175-182.

112



Hynes, H.B.N. 1970. The Ecology of Running Wateidsverpool: University
of Toronto Press. 555p.

lowa Department of Natural Resources — Water Moimigpand Assessment Section.
March 2007. Monitoring of Point Source OutfallsdaReceiving Streams for
Common lons and Total Dissolved Solids. CoopeeaBitudy Report by IWPCA,
Wastewater Facilities across lowa and lowa DNR.

Kennedy, A. J., D. S. Cherry, and R. J. Currie030Field and laboratory assessment of
a coal processing effluent in the Leading Creekafshted, Meigs County, Ohio.
Archives of Environmental Contamination and Toxamp 44: 324-331.

Kimmel, W.G. 1983. The impact of acid mine drai@amn the stream ecosystem. In
S.K. Majumdar & E.W. Miller Editors, Pennsylvaniaat: resources, technology
and utilization. Easton, Pennsylvania: Pennsylv&giademy of Science pp. 424-
437.

Lind, O. T. 1979. Handbook of common methods imiblogy. 39 edition. St. Louis,
Missouri: The C.V. Mosby Company. 199 p.

Lottermoser, B.G. 2010. Mine wastes: charactgéamatreatment, and environmental
impacts. London: Springer. pp. 179-195

McCulloch, W.L., W.L. Goodfellow Jr., and J.A. Blac 1993. Characterization,
identification and confirmation of total dissolvesblids as effluent toxicants.
Environmental Toxicology and Risk Assessment. 13-227.

McElfish, J. M. and A. E. Bier. 1990. Environmeahtegulation of coal mining
SMCRA'’s second decade. Washington D.C.: Environtaldraw Institute. 282

p.

Merritt, R.W. and K.W. Cummins. Editors. 1996n MAtroduction to the aquatic insects
of North America. % edition. Dubuque, lowa: Kendall/Hunt Publishing
Company. 862 p.

Mount, D.I. and T.J. Norberg. 1984. A seven-diég tycle cladoceran toxicity test.
Environmental Toxicology and Chemistry 3:425-434.

Mount, D. R., J. M. Gulley, J. R. Hockett, T. D.r@son, J. M. Evans. 1997. Statistical
models to predict the toxicity of major ions to ©daphnia dubia, Daphnia
magna, and fathead minnows (Pimephales prome&syironmental Toxicology
and Chemistry 16:2009-2019.

113



Naddy R.B., T.W. La Point & S. J. Klaine. 19950xicity or arsenic, molybdenum and
selenium combinations to Ceriodaphnia dubia. Emwirental Toxicology and
Chemistry 14:329-336.

Nimmo D. R., M. H. Dodson., P. H. Davies, J. C. &@re, and M.A. Kerr. 1990. Three
studies using Ceriodaphnia to detect nonpoint ssuraf metals from mine
drainage. Journal of the Water Pollution Contralération 62:7-15.

Parsons, J.D. 1968. The effects of acid strip-neffieents on the ecology of a stream.
Archives of Hydrobiology 65:25-50.

Pepper, I. L., C. P. Gerba, and M. L. Brusseau0620Environmental and pollution
science. # edition. Burlington, MA: Academic Press. 532 p.

Plummer, C. C., D. McGeary, and D.H. Carlson. 19%hysical Geology. "Bedition.
Boston: The McGraw Hill Companies. pp.529-532

Pond, G. J., M. E. Passmore, F. A. Borsuk, L. R&Egjoand C. J. Rose. 2008.
Downstream effects of mountaintop coal mining: canmy biological conditions
using family- and genus-level macroinvertebratemssessment tools. Journal of
the American Benthological Society 27 (3):717-737.

Ragland, K. W. and K. M. Bryden. 2011. Combustibngineering. Boca Raton,
Florida: CRC Press. pp.30-36.

Resh, V.H. and J.K. Jackson. 1993. Rapid Assessigproaches to Biomonitoring
Using Benthic Macroinvertebrates. In Freshwateon®nitoring and Benthic
Macroinvertebrates. Ed. by D.M. Rosenbert and VRé&sh. New York:
Chapman and Hall. 488 p.

Roback, S. S. and J.W. Richardson. 1969. Thetsffef acid mine drainage on aquatic
insects. Academy of Natural Sciences 121: 81-107.

[SETAC] Society of Environmental Toxicology and @fistry. 2004a. Technical issue
paper: Whole effluent toxicity testing: lon imbat®. Pensacola FL, USA:
SETAC. 4 p.

[SETAC] Society of Environmental Toxicology and @fistry. 2004b. Technical issue
paper: Whole effluent toxicity testing. Pensadéla USA: SETAC. 4 p.

Smith, D. G. 2001. Pennak’s freshwater invertewaif the United States Porifera to
Crustacea. R edition. New York: John Wiley & Sons, Inc. 688

114



Soucek, D. J., and A. J. Kennedy. 2005. Effettsandness, chloride, and acclimation
on the acute toxicity of sulfate to freshwater ingbrates. Environmental
Toxicology and Chemistry 24:1204-1210.

Southerland, M.T. and J.B. Stribling. 1995. Statdi biological criteria development
and implementation. Biological assessment anérait Tools for water resource
planning and decision making. Lewis Publishers,&BRaton, Florida. Pages 81-
96.

Spellman, F. R. 2009. Handbook of wastewaterrreat plant operations. Boca Raton,
Florida: CRC Press. 826 p.

Stewart, A. J., L.A. Kszos, B.C. Harvey, L.F. Wick&.J. Haynes, and R.D. Bailey.
1990. Ambient toxicity dynamics: Assessments gisteriodaphnia dubia and
fathead minnowRimephales promelas) larvae in short-term tests. Environmental
Toxicology and Chemistry 9:367-379.

Stewart, J.S. and B.K. Konetsky. 1998. Longewuaityl Reproduction of Ceriodaphnia
dubia in receiving waters. Environmental Toxicolognd Chemistry 17:1165—
1171.

Stewart, K.W. and B. P. Stark. 2002. Nymphs ef orth American Stonefly Genera
(Plecoptera). ¥ edition. Columbus, OH: The Caddis Press. 476 p.

Timpano, A.J., S.H. Schoenholtz, D.J. Soucek, artfl Zipper. 2010. Isolating effects
of total dissolved solids on aquatic life in ceh#palachian coalfield streams.
In: Proceedings, National Meeting of the AmericaaciSty of Mining and
Reclamation. pp. 1284-1302

[USEPA] US Environmental Protection Agency. 2002Short-term methods for
estimating the chronic toxicity of effluents ancce®ing waters to freshwater
organisms. 4 edition. Washington DC; USEPA, Office of WatePA&821-R-
02-013. 335 p.

Ward Jr., K. “Corps. pulls plug on Massey permibpito hearing.”_The Coal Tattoo
[Charleston] 20 April 2012. 6p.
http://blogs.wvgazette.com/coaltattoo/2011/04/2(sepulls-plug-on-massey-
permit-prior-to-hearing/

Warner, R.W. 1971. Distribution of biota in aestm polluted by acid mine-drainage.
Ohio Journal of Science 71: 202-215.

Weber-Scannell, P. K. and L. K. Duffey. 2007. d€ts of total dissolved solids on
aguatic organisms: a review of literature and meoendation for salmonid
species. American Journal of Environmental Scisi3c&—6.

115



West Virginia Division of Natural Resources SciéntiCollecting Permit Standard
Conditions for Environmental Assessments on WadeabGtreams.
November 13, 2008, Elkins Operation Center.

Wiley, J. B. and F. D. Brogan. 2003. Comparisbperak discharges among sites with
and without valley fills for the July 8-9, 2001odld in the headwaters of Clear
Fork, Coal River Basin, mountaintop coal-miningioeg Southern West Virginia.
Open-File Report 03-133. US Geological Survey, iéiston, West Virginia.12
p.

WVDEP (West Virginia Department of Environmentabtction), 2008. 303d and 305b
Integrated Water quality Monitoring and Assessniggport, 21p.

WVDEP (West Virginia Department of Environmentalbtection), 2010a. Watershed
Branch 2010 Standard Operating Procedures. Divigib Water and Waste
Management, Watershed Branch, Charleston, WV.p302

WVDEP (West Virginia Department of Environmentalbtection), 2010b. Permitting

Guidance for Surface Coal Mining Operations to &btWest Virginia’s
Narrative Water Quality Standards, 47 C.S.R. 2.8&3and 3.2.i., 8 p.

116



Appendix A
Table 1 — Stream Sampling Locations Company 1
Table 2 — Stream Sampling Locations Company 2
Table 3 — Field Water Chemistry Analysis 2008
Table 4 - Field Water Chemistry Analysis 2009
Table 5 - Field Water Chemistry Analysis 2010
Table 6 - Field Water Chemistry Analysis 2011
Table 7 — Water Data Spring 2010
Table 8 — Company 1 Water Data Spring 2011
Table 9 - lon Imbalance Calculations from the GRldal from Spring 2011
Table 10 - lon Imbalance Calculations from the @#idel from Fall 2011
Table 11 — Company 1 Water Data Fall 2011
Table 12 — Company 2 Water Data Winter 2011
Table 13 — Company 2 Water Data Fall 2011
Table 14 — Survival o€eriodaphnia dubia Seven-day Chronic Toxicity Tests 2008
Table 15 - Survival o€eriodaphnia dubia Seven-day Chronic Toxicity Tests 2009
Table 16 - Survival o€eriodaphnia dubia Seven-day Chronic Toxicity Tests 2010
Table 17 - Survival o€eriodaphnia dubia Seven-day Chronic Toxicity Tests 2011
Table 18 - Reproduction @eriodaphnia dubia Seven-day Chronic Toxicity Tests 2008
Table 19— Benthic Macroinvertebrate Metrics andiTResponse to Disturbance
Table 20 — West Virginia Stream Condition Index (8M) Scoring Criteria
Table 21 - Reproduction @eriodaphnia dubia Seven-day Chronic Toxicity Tests 2009
Table 22 - Reproduction @eriodaphnia dubia Seven-day Chronic Toxicity Tests 2010
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Table 23 - Reproduction @eriodaphnia dubia Seven-day Chronic Toxicity Tests 2011

Table 24 — Habitat Assessment for Benthic Macrait@rate Toxicity Sampling Fall
2009

Table 25 — Habitat Assessment for Benthic Macrait@rate Toxicity Sampling Fall
2010

Table 26 — Habitat Assessment for Benthic Macrait@rate Toxicity Sampling Fall
2011

Table 27 — Inorganic Substrate Component ResultsBenthic Macroinvertebrate
Toxicity Sampling Fall 2009

Table 28 — Inorganic Substrate Component ResultsBenthic Macroinvertebrate
Toxicity Sampling Fall 2010

Table 29 — Inorganic Substrate Component ResultsBenthic Macroinvertebrate
Toxicity Sampling Fall 2011

Table 30 - Water Chemistry Results for Benthic Maorertebrate Sampling Fall 2009
Table 31 - Water Chemistry Results for Benthic Maorertebrate Sampling Fall 2010
Table 32 - Water Chemistry Results for Benthic Maorertebrate Sampling Fall 2011
Table 33 - Survival o€eriodaphnia dubia in Seven-day Toxicity Tests Fall 2009

Table 34 - Results of Reproductive ComparisonsQeriodaphnia dubia Seven-day
Toxicity Tests Fall 2009

Table 35 - Survival o€eriodaphnia dubia in Seven-day Toxicity Tests Fall 2010

Table 36 - Results of Reproductive ComparisonsGeriodaphnia dubia Seven-day
Toxicity Tests Fall 2010

Table 37 - Survival o€eriodaphnia dubia in Seven-day Toxicity Tests Fall 2011

Table 38 - Results of Reproductive ComparisonsQeriodaphnia dubia Seven-day
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2009
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Table 40 - Family Level Benthic Macroinvertebratev®nary for Toxicity Sampling Fall
2009

Table 41 - Genus Level Benthic Macroinvertebrate®ary for Toxicity Sampling Fall
2010

Table 42 - Family Level Benthic Macroinvertebraten®nary for Toxicity Sampling Fall
2010

Table 43 - Genus Level Benthic Macroinvertebrate@®ary for Toxicity Sampling Fall
2011

Table 44 - Family Level Benthic Macroinvertebraten®nary for Toxicity Sampling Fall
2011
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