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IN THE UNITED STATES DISTRICT COURT FOR
THE SOUTHERN DISTRICT OF WEST VIRGINIA

CHARLESTON DIVISION

OHIO VALLEY ENVIRONMENTAL
COALITION, WEST VIRGINIA
HIGHLANDS CONSERVANCY and
SIERRA CLUB,

Plaintiffs,
V. CIVIL ACTION NO. 2:1321588

(Consolidated with 2:13-16044)

FOLA COAL COMPANY, LLC,

Defendant.

MEMORANDUM OPINION AND ORDER

This suit conerns allegations that Defenddfdla Coal Company, LLC, has violated the
narrative water quality standards of three separate permits foadieshfrom three mines into
tributaries of Leatherwood Creek. On Jund, 12015, the Court held l@enchtrial regading
jurisdiction and liability,and the parties timely conducted po&tt briefing.

As explained below, the CouftNDS that Plaintiffs have established, by a preponderance
of the evidence, that Defendant has committed at least one violation of its gEweitsing Fola
Mine No. 2 and Fola Mine No. 6 by discharging into Road Fork and Cogar Holdwevels of
ionic pollution, which have caused or materially contributed to a significant @dveps.ct to the
chemical and biological components of the applicable streams’ aquaticteaosysviolation of
the narrative water quality standards that are incorporated in®pleosits. However, the Court

further FINDS that Plaintiffs have not met their burden in establishing liability &leged
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violations with respect to discharges from Fola Mine No. 4A into Right Fork, under NPDES
Permit No. WV1013815.
l. BACKGROUND

Plaintiffs Ohio Valley Environmental Coalition (“OVEC”), West Virginia Highlands
Conservancy, and Sierra Cléitked this case pursuant to the citizen suit provisions of the Federal
Water Pollution Control Act Clean Water Act” or “CWA”), 33 U.S.C. 8§ 1251 et seq., and the
Surface Mining Control and Reclamation Act (“SMCRA”), 30 U.S.C. § 1201 et seq. Compl., EC
No. 1.Before proceeding to the parties’idence anérguments, the Court will first discuss the
relevant regulatory framework and the factual lgaokind of this case.

A. Regulatory Framework

The primary goal of the CWA is “to restore and maintain the chemical, gathysind
biological integrity of the Nation’s waters.” 33 U.S.C. § 1251(a). To further thik tfeaAct
prohibits the “discharge of amppllutant by any person” unless a statutory exception applies; the
primary exception is the pracement of aNational Pollutant Discharge Elimination System
(“NPDES”) permit. 33 U.S.C. 88 1311(a), 1342. Under the NPDES, the U.S. Environmental
Protection Agency (“EPA”) or an authorized state agency can issue a permit for the desoharg
any pollutant, provided that the discharge complies with the conditions of the CWA. 33 U.S.C. §
1342. A state may receive approval to administer a state-run NPDES progrartheralghority
of 33 U.S.C. § 1342(b). West Virginia received such approval, and its NPDES program is
administered through the West Virginia Department of Environmental Boot¢6/NVVDEP”). 47
Fed. Reg. 223681 (May 24, 1982). All West Virginia NPDESrmits incorporate by reference
West Virginia Code of State Rulés47-30-5.1.f, which states that “discharges covered by a

WV/NPDES permit are to be of such quality so as not to cause violation of applicatele w



quality standards promulgated bwést Virginia Code of State Rule§ 472].”* This is an
enforceable permit conditiohSee, e.gQVECVv. Elk Run Coal Co., IncNo. 3:12¢cv-0785, 2014
WL 29562, at *3,*6 (S.D. W. Va. Jan. 3, 2014pDVEC v. Elk Run Coal Co., Inc.No.
3:12¢cv-0785 24 F.Supp.3d 532 (S.D. W. Va. June 4, 20BYEC v. Fola (Stillhouse)No.
2:13-5006, 2015 WL 362643 (Jan. 27, 2015).

Coal mines are also subject to regulation under the SMCRA, which prohibits any person
from engaging in or carrying out surface coal imgnoperations without first obtaining a permit
from the Office of Surface Mining Reclamation and Enforcement (“OSMRE”") or dnozed
state agency. 30 U.S.C. 88 1211, 1256, 1257. A state may receive approval to administer a
staterun surface mining permit program under the authority of 30 U.S.C. § 1253. In 1981, West
Virginia received conditional approval of its staten program, which is administered through the
WVDEP pursuant to the West Virginia Surface Coal Mining and Reclamation Act
("WVSCMRA"). W. Va. Code 88 23-1 to -33; 46 Fed. Reg. 591®1 (Jan. 21, 1981).
Regulations passed pursuant to the WVSCMRA require permittees to complpevidrns and
conditions of their permits and all applicable performance standards. W. Va. Co8e R.
38-2-3.33.cOne of these performance standards requires that mining dischargeadshallate
effluent limitations or cause a violation of applicable water quality standddd§"382-14.5.b.

Another performance standard mandates that “[a]dequate facilities shalidled®perated and

1 At the time of filing, the mining operations at issue here were each regulated under
WV/NPDES permits reissued in 2008. At that time, W.Va. Code R-34/1.f read as quoted
here.SeeMem. Op. & Order 12-21, May 29, 2015, ECF No. 94.

2 The Court pauss here to reject Defendant’s recurring and spurious mischaracterizations
of prior holdings. It is the express language of Defendant’'s federally approveNRRY¥S
permits as issued by the WVDEP that requires compliance with state narraterequality
standards as an enforceable permit condition. It is the WVDEP as the issuing-agehc
Congress and not this Couafthat incorporated narrative water quality standards as enforceable
WV/NPDES permit conditions.
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maintained using the best technology currently available . . . to treat anydigaharged from the
permit area so that it complies with the requirements of subdivision 14.5.b of thistsuhsét
§ 38-2-14.5.c.

B. Factual Background

This controversy concerns discharges from three surface mines along thenspaottien
of the Leatherwood Creek watershed: (1) Fola Surface Mine No. 2 in Clay and NiCbalatses,
West Virginia; (2) Fola Surface Mine No. 4A in Clay County, West Virgiarad (3) Fola Surface
Mine No. 6 in Nicholas County, West Virginia. Stipulation 16, ECF No. 53.

Defendant’s mining activities at Surface Mine No. 2 are regulated under W\ESDP
Permit WV1013840 and West Virginia Surface Mining Permit S201293, both originalgdiss
1994.1d. at 16-7. WVDEP reissued WV/NPDES Permit No. WV1013840 in 2001, 2004, 2008,
and 2014. At the time this complaint was filed, the 2008 reissuance was in efféall. @it of
Surface Mine No. 2 discharges into Road Fork and Leatherwood Gieek.

Defendant’s mining activities at Surface Mine No. 4A are regulated undéNRRDES
Permit WV1013815 and West Virginia Surface Mining Permit S200%@2at 121, 23.
WV/NPDES Permit WV1013815 was originally issued in 1993, \aad reissued in 1999, 2006,
2008, and 2014. At the time this complaint was filed, the 2008 reissuance was in effetis Outfa
22, 23, and 027 of Surface Mine No. 4A discharge into Right Fork of Leatherwood &réek

Cannal Coal Hollow. Id.

® Plaintiffs’ Amended Complaint also compiaiof discharges from Outlet 025 at Surface
Mine No. 4A. ECF No. 39. However, Plaintiffs did not present any testimony ragatditlet
025 during trial. Upon Defendant’s oral motion for a directed verdict regarding Outlet 025,
Plaintiffs’ counsel advised the Court and Defendant that they had intended to dropimsy cla
related to Outlet 025. Tr. 3 at 204, ECF No. 106. Accordingly, any claims relatingled Q25
were dismissed.
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Finally, Defendant’s mining activities at Surface Mine No. 6 are regulated under
WV/NPDES Permit WV1018001 and West Virginia Surface Mining Permit S2011999, both
originally issued in 2000d. at ¥2-44. WVDEP reissued WV/NPDES Permit WV1018001 in
2008.1d. at143. At the time this complaint was filed, the 2008 reissuance was in effei¢tOu
013, 015, and 017 of Surface Mine No. 6 discharge into Cogar Hollow, a small tributary of
Leatherwood Creeld. at 143.

In recent years, water quality measurements from thevea listed discharges have
routinely shown discharges of high conductivity. Stipulation 14, ECF No. 53 (showing
discharges from Outlet 001 at Mine No. 2 with conductivity measurements eotigistround
3000uScm); id. at 132 (showing discharges from Outlets 22, 23, 27 at Mine No. 4A consistently
ranging from approximately 1500Scm to above 300QuScm); id. at 47 (showing discharges
from Outlets 013, 015, 017 with conductivity measurements consistently ranging from
approximately 250QuScm to 4000 uScm). Water quality measurements have also revealed
elevated conductivity in Leatherwood Creek and its tributaliesit 13 (showing conductivity
levels ranging from 300QScm to 4000uScm in Road Fork)id. at 133 (showing conductivity
levels consigntly above 100QuScm below Mine No. 4A)id. at 146 (showing conductivity
levels ranging from 300QScm to 500QuScm in Cogar hollow).

On June #4, 2015, the Court conducted a bench trial on liability issues. At the close of
the evidence, the Court entered an oral finding on general causation, but reserreshjuaiy
issues of specific causatioft. 4 at 259-60, June 4, 2015, ECF No. 107Since that time, the
parties have provided timely pasial briefing. In Section Il, the Court will reviewdhevidence

and arguments concerning general causationetatmbrate onts general causatiofnding. In



Section lll, the Court will move on to review the evidence and arguments conceperifics

causation for each of the three mine permits at iSsue.

* Defendant expresses concern regarding potential bias related to one merttzer of
Court’s staff in an early and lengthy footnote in its gast briefing. ECF No. 116 at 3 n.3.
Specifically, Defendant provides a survey of publically available electroadiardetailing the
employment and advocacy history of one of the €auerm law clerks, Ms. McCradd.
Defendant refers to a denied recusal motion in a 2008 case, but does not exgrasstyarg/thing
from the Court on this occasion. Absent some motion, Defendant’s concerns are ndy prope
before the Court. The Court nevertheless offers the following comments.

“There is always some risk of bias; to constitute grounds for disqualification, the
probability that a judge will decide a case on a basis other than the meritbenuere than
‘trivial.”” United Statey. DeTemplel62 F.3d 279, 287 (4th Cir. 1998) (citigthe Matter of
Mason 916 F.2d 384, 386 (7th Cir. 1990)). “A judge should not allow family, social, political,
financial, or other relationships to influence judicial conduct or judgment.” Canon 2, Code of
Conduct of United States Judges.

In 1948, Congress authorized district courts to employ law clerks, though it did so without
elaborating on the specific duties of law clerks. 28 U.S.C. § 752. Law clerks are rexhgpialet
of a judge’s persal staff. Code of Conduct for Judicial Employees § 310.30(a). “The proper
role of the judicial adjunct, who in the federal setting may be defined as anyonelpswitie the
work of Article Il courts but whose conditions of employment are not as poesian Article lll,
is to advise and assist the real judge. It is not to be the real judge, daty sTahething else.”
Geras v. Lafayette Display Fixtures, In@42 F.2d 1037, 1047 (7th Cir. 1984) (Posner, J.,
dissenting). “No American judge today leses that a law clerk becomes a judge by preparing an
opinion draft.”ld. Judges decide cases; lawrkkeperform tasks as directed.

Here, Defendant appears to offer no complaint of bias on behalf of the Courtd instea
guestioning potential biases of a subordinate-st&fnber, a term law clerk. Such concerns are
trivial at best. At the risk of stating the obvious, a term law clerk is not a ju8germ law clerk
performs tasks as delegated to him or her by a supervising judge. Aveoketk does not enjoy
the exercise of discretion. That responsibility is reserved for the judtbtha judge alone. A
term law clerk merely acts in service of a supervising judge’s discretion.

Even ignoring that obvious point, the Court further notes that whatexepecific content
of individual statements, the surveyed conduct occurred over four yeaiSesgpeTemp|d &2
F.3d at 287 (holding that judge in a bankruptcy fraud proceeding was not required to recuse
himself, in part because the judge “last repnese: [defendant’s creditor] almost two years before
DeTemple filed for personal bankruptcy and five years prior to his indictenin’ the four
years or more that has elapsed since any of the surveyed conduct, Ms. McQuag¢edravith
honors from a distinguished law schawmid completed the majority of her service to this Court.
The passage of considerable tiwi@ addition to the simple fact that a law clerk is not a federal
judge—suggests that theris not a need for recusal herepoint presumably recognized by
Defendant as no such motion was made.

Moreover, this Court has decided cases similar to the case at bar for nesrhda.drhe
decision here is consistent with existing case law. That consistenn@g@xasse law pidaes not
only Ms. McCrae’s service as a tenterk with this Court, but also predates much of the conduct
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Il. General Causation

Generally speaking?laintiffs are faced with the dual burden of establishing both general
and specific causatioh. At the close of trial, the Court announced its finding that Plaintiffs met
their burden with respect to general causation. Tr. 4 at&ZBECF No. 107. Specifically,
Plaintiffs proved by a preponderance of the evidence that conductivity, as a eneasur
consistent mix of ions typical of alkaline mine degein the Appalachian region, may cause or
materially contribute to biological impairment to aquatic life as measured by the Weistia/ir
Stream Condition Inde§WVSCI”) , thereby constituting a Vi@tion of the narrative water quality
standards incorporated into Defendant’s perfith; accord OVEC v. Elk Run Mining Cp24

F.Supp. 3d 532 (S.D. W.Va. 2019VEC v. Fola Coal Co. (Stillhouse)015 WL 362643 (S.D.

causing Defendant’s concernAll told, given the nature of term clerk employment, the
remoteness of the conduct complained of, and the existencdief, @amsistent precedents, it is
difficult to characterize Defendant’s concerns as anything more thanad i tangential waste
of judicial resources.

> SeeDittrich-Bigley v. GerProbe, Inc, No. 111762, 2013 WL 3974107, at *7 (D. Minn.
July 31, 2013) (“Generally, causation is divided into two components: general and specific.
General causation is whethercdn cause Y. Specific causation is whethedid cause Y.”)
(emphasis in original}eller v. Shaw Indus., IndNo. 9507657, 1997 WL 53516&,*6 (E.D. Pa.
Aug. 18, 1997) (General causation addresses whether products of the same nature as [the]
defendant’s product are capable of causing the type of injuries alleged . . .€] sgatific
causation addresses whether [the] defendant’s prodwe likely than not caused injuries in this
particular case.”)But cf. Ranes v. Adams Labs. |n¢78 N.W.2d 677, 688 (lowa 2010)
(explaining that while it is analytically helpful to think in terms of generalsgettific causation in
toxic torts casedyoth are aspects of factual causation and are not necessarily separately required
elements

® The West Virginia Stream Condition Index, or WVSCI, is a multimetric inde# tse
conduct biological assessments of stream conditions. The WVDEP relied o6 MI¥ & means
to determine whether a violation of the biological standard in subsection 3.2.i was gc&ucim
that a stream needed to be listed as “impaired” under a Section 303(d) d¢dheV\Zater Act.
“[T]he EPA—the final authority regarding wheth a state’s narrative water quality are being
violated for the purposes of Section 303(d) listimgcently made thgpecific findinghat WVSCI
scores below 68 ‘indicate that [the] waters [at and in which such scores were dsiess&d
achieve the Wes¥irginia narrative criteria as applied to the aquatic life useifined by the
EPA to mean the biological standards embodied in 824%23 and-3.21.” Elk Run 24
F.Supp.3d at 550 (quoting March 25, 2013, Letter from EPA to WVDEP).
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W.Va. Jan. 27, 2015) The baskr the Court’s finding on general causation are explained in
further detail below, with the majority of discussion focused on Defendanigues of EPA’s
Benchmark, followed by a brief review of other scholarly publications on the question.

A. Introducing the EPA’s Benchmark

Yet again, the Court begins its analysis of general causation with argumentsicaite
import and reliability ofthe EPA’'s BenchmarkSeeElk Run 24 F.Supp.3dt 558-59;Fola
(Stillhouse) 2015 WL 362643. In March 2011, the EPA released “A Hislded Aquatic Life
Benchmark for Conductivity in Central Appalachian Streams” (“EPA’s Benchmark
“Benchmark”).JointEx. 17. The EPA’s Benchmark is the studied result of qualified authors and
reviewersld. at ix—xiii (listing authors, contributors, and reviewers, including Defendant’'srexpe
Dr. Charles Menzie).

In the nearly three hundred page BenchméaeBPA reached the conclusion that “salts, as
measured by conductivity, are a common cause of impairofi@guatic macroinvertebrates” in
central Appalachian streams only after considering and then ruling opotiretial confounding
effects of habitat, organic enrichment, nutrients, deposited sediments, pH, setemperature,
lack of headwaters, catctent areas, settling ponds, dissolved oxygen, and metals. EPA's
Benchmark at Al, B-1; see also idat A40 (“This causal assessment presents clear evidence that
the deleterious effects to benthic invertebratescaused by, not just associated wite ionic
strength [, i.e., conductivity,] of the water.... When [other potential] causes are absEnbved,

a relationship between conductivity and ephemeropteran [, i.e. mayfly,] richnéisisdent.”
(emphasis added)y. at A-37 (“As conductivity increases, the occurrence and capture probability
decreases for many genera in West Virginia ... at the conductivity levelstpretti cause effects.

The loss of these genera is a severe and clear effect.”). The Bekdalsmafound that “of the



[ning] land uses ... analyzed, only mining especially associated with valgyifd., mountaintop
mining with valley fills,] is a substantial source of the salts that are measuretdastoaty.” Id.
at A-18.

The EPA ultimately concluded that the “chronic aquatic life benchmark value for
conductivity” in West Virginia streams is 300 pS/cm. Id. at xv. To derive this recommended
high-end threshold value, the EPA used the 5th percentile of a species sensitivibytehstyi
based on the standard methodgldgr deriving waterquality criteria, meaning that this 300
uS/cm benchmark value for conductivity is “expected to avoid the local extirpation [due to the
salts measured as conductivity] of 95% of native spedi@sat xiv.

In support of both the spg 300 uS/cm benchmark value and the general causal linkage
between conductivity and impairment to aquatic macroinvertebrates, tlchrBark contains a
graph which charts, for 163 genera, the leveboit exposure above which a genus is effectively
absent from water bodies in a region, with conductivity readings on the x axis and proportion of
genera extirpated on the y axld. at xiv, 18 fig. 8. A fairly consistent line is formed as
conductivity and extirpation both increase, illustrating the causal connectiorebataductivity
and significant biological impairment which Plaintiffs seek to praSee id.at 18 fig. 8.
Relatedly, the EPA reported its finding that “the probability of impairment @uS@m is 0.72
and at 30QS/cm, is 0.59.” Tr. 2 at 111, June 2, 2015, ECF No. 100; Joint Ex. 173ét AStated
differently, when conductivity reaches 308/cm, it is more likely than not that the streams will
suffer impairment. Moreover, the likelihood of impairment continues to increasmdsctivity
further exceeds that threshold. Joint Ex. 17 at A-36; Tr. 2 at 110-12, ECF No. 100.

Upon reviewing theEPA'’s findings, the Scientific Advisory BoardSAB”) made the

follow comments:



Mountaintop mining and valley fills are important sourcésstoess to aquatic

systems in the Central Appalachian region, both from the perspective ofddcaliz

and cumulative regional impacts. In a companion report, the Panel provides a

review of EPA’s assessment of the impacts associated with mountaintop mining

and valley fills. There ixlear evidencehat valley fills are associated with
increased levels of dissolved ions (measured as conductivity) in downstream
waters, and that these increased levels of conductivity are associated wigaschan

in the composition of stream biological communities.

Pls.” Ex. 128 at PE1418, Tr. 2 at 3113 ECF No. 100 The SAB further concluded that the EPA
had presented a “convincing case” for establishing the causal relationshiprbetmeectivity
and loss of genera. PIs.” Ex. 128 at PE1431, Tr. 2 at 115, ECF No. 100.

Plaintiffs rely on EPA’s Benchmark here as they have elsewhere: as a scistoily
which, among others, supports Plaintiffs’ general causation theory that high coryletis in
streams impacted by alkaline mine drainageises or contributet® biological impairment
Defendant’s many critiques of the EPA Benchmark will be considered beBefore doing so,
however, it is necessary to briefly revisit general principéggmrding the degree of deferenc
owed EPA’s Benchmark in the analysis to follow.

“Particularly with environmental statutes such as the Clean Water Act, thiatory
framework ... requires sophisticated evaluation of complicated data.... [A couefptieedo[es]
not sit as a scierfitt body in such cases, meticulously reviewing all data under a laboratory
microscope.’Crutchfield v. Cnty. of Hanover, Virginid@25 F.3d 211, 218 (4th Cir.200@)tation
omitted) (internal quotation marks omitted)nstead, “[a] reviewing court must generally bé&st
most deferential when reviewing factual determinations within an agencysoarspecial
expertise.... It is not the role of a reviewing court to segpress the scientific judgments of the
EPA.” Sw. Pennsylvania Growth Alliance v. BrownE21 F.3d 106, 117 (3d €£1997)(citation

omitted) (internal quotation marks omittede alsdBaltimore Gas & Elec. Co. v. Natural Res.

Def. Council, Inc.462 U.S. 87, 103, 103 S.Ct. 2246, 76 L.Ed.2d 437 (19B8)reviewing court
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must remember that the [agency] is making predictions, within its area of speatis at the
frontiers of science. When examining this kind of scientific deternaima#is opposed to simple
findings of fact, a reviewing court must generally be at its most defer@ntiatvtl. Def. Ctr. 344

F.3d at 8694"We treat EPA's decision with great deference because we are reviewing the agency's
technical analysis and judgments, based on an evaluation of complex scierdifiittiat the
agency's technical expertise.”"Chem. Mfrs. Ass'n v. U.S. E.P.A19 F.2d 158, 167
(D.CCir.1990) (“[W]e give considerable latitude to the EPA in drawing conclusions from
scientific and technological research, even where it is imperfect or prelmiin@mternal
guotation marks omitted)).

“[T]echnological and scientific issues ... are by their very nature difftoutesolve by
traditional principles of judicial decisionmaking. For this reason, we must lotble alecision
not as the chemist, biologist or statistician that we are qualified neither by traamiagperience
to be, but as a reviewing court exercising our narrowly defined duty of holding agencestain
minimal standards of rationalityReynolds Metals Co. v. U.S. E.P.260 F.2d 549, 55&9 (4th
Cir. 1985) (internal quotation marks omitted). “[A]ln agency's data selection and chbice o
statistical methods are entitled to great deferencand.its conclusions with respect to data and
analysis need only fall within a zone of reasonablendédsdt 559(citations omitted) (internal
guotation marks omitted). In the context of agency action, “if the agencyahdlyably explains
its course of inquiry, its analysis, and its reasoning sufficiently enouglsftm discern a rational
connection between its decistomaking process and its ultimate decision, [a court] will let its
decision stand.”Crutchfield, 325 F.3d at 218brackets omitted) (internal quotation marks

omitted).
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In light of these precedents, and as previously analyzed by this EBdtts Benchmark
must be afforded deferenc®eeElk Run 24 F.Supp.3d ab58-59,Fola (Stillhouse) 2015 WL
362643 at *4—6. The EPA’s Benchmark methodically defines its inggxpfains its reasonable
analysis, anthoroughly supportgs ultimate, rational conclusionsAdditionally, the Benchmark
underwent extensive scientific review, and it is respected as-goodven &cellent—science
within the relevant scientific communifyDr. PalmerTr. 2 at96, ECF No. 100.

B. Critiques of the EPA Benchmark

Turning to considenewly presenteckvidenceand argument, two recurring questions
underlie the Court’s instant analysis ggneral causatioas related to EPA’s Benchmark: (1)
whether specific expertise in epidemiology is required for the development ow r@&ivEEPA’s
Benchmark; and, in a similar vein, (2) whether specific expertise in gcdagquired for the

developmenbr review of EPA’s Benchmark. We are faced with thefandamentakjuestions

" The Court furthemotes that suparts of the Benchmark were later published in an
esteemed peegeviewed scientific journal. SeeSusan M. Cormier, Glenn W. Suter Il & Lei
Zheng, Derivation of a Benchmark for Freshwater lonic Streng®B, Envtl. Toxicology &
Chemistry 263(2013), Joint Ex. 3; Susan M. Cormier & Glenn W. SuterAllMethod for
Assessing Causation of Field ExpostResponse Relationship82 Envtl. Toxicology &
Chemistry 272 (2013), PIs." Ex. 140; Susan M. Cormier etAakessing Causation of the
Extirpation of Stream Macroinvertebrates by a Mixture of 1088, Envtl. Toxicology &
Chemistry 277 (2013), Joint Ex. 4; Susan M. Cormier etRalationship of Land Use and
Elevated lonic Strength in Appalachia Watershe8® Envtl. Toxicology & Chemistry 296
(2013), Joint Ex. 6; Susan M. Cormier & Glenn W. SutefAIMethod for Deriving WateQuality
Benchmarks Using Field Dat&82 Envtl. Toxicology & Chemistry 255 (2013), Pls.” Ex. 139;
Glenn W. Suter Il & Susan M. Cormiek, Method for Assessing the Potential for Confounding
Applied to lonic Strength in Central Appalachian StreaB24:nvtl. Toxicology & Chemistry 288
(2013), Joint Ex. 5.

8 CompareDr. Garabrant, Tr. 1 at 49, ECF No. 105 (explaining his qualifications as a
reviewer of the EPA Benchmark despitaving no formal ecological training or experience as
follows: “Well, | understand epidemiology, and | understand how to analyzel'datapent my
career doing that. I've spent my career doing divisional research, agabamplex datasets,
publishing @pers in the peaeviewed literature, and | know how to analyze data. And | do
understand the principles of epidemiology. The EPA said they used epidemiology. Theyskdn’
it properly. They did not do what scientists agree they have to do to analyzeogatdypSo while
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because of the appardiaind unsurprising) difficultly in finding an expert in both epidemiology
and ecology. Insteadthe Court heard testimony of expert epidemiologists wihfearmal
ecological trainingindexpert ecologists with no formal epidemiological trainindgzrom this mix

of incomplete expertise, we are left with the task of sorting competperteapinions.

As argued by Defendant, because the EPA incorporatsdpes of epidemiology into its
causal analysis, assessing the reliability of the EPA’s findings requawsw by an
epidemiologist® Defendant’s expert epidemiologist, Dr. David Garabrant, reviewed the EPA’s
findings and found several areas where he believed the EPA misapplied epidemtiologic
principles.Tr. 1 at 11, June 1, 2015, ECF No. 105 (asked whether the EPA correctly applied
principles of epidemiology, Dr. Garabrant responded, “In some ways, yes; and ernwsyms,
no.”). Dr. Garabrant thusly criticized perceived failuogsthe part of EPAL) to corsider effect
modification, (3 to define reliable and valid criteria for assagstonfounding,3) to adequately

respond to the qu#yi of the available data, and)(to transparently and nemanipulatively

| am not an ecologist, | do understand complex data, | do understand biostatistics, and | do
understand epidemiology. The EPA is not entitled to their own version of scieame@D}. Wing,

Tr. 2 at 13, ECF No. 100 (explaining that “it's important to have substantive krgmilethe area

in which one conducts analyses and draws opinions. . . . Because science involves mora than dat
analysis. There’s an important distinction beswa data analyst and a scientist because variables

in data don’t speak for themselves. They require interpretation and understandirpahisras,
theories in the field, and so on.”).

® Meaning that whatever their qualifications, no testifying exper befraduatéevel
degree in both the natural scienaeslepidemiology, nor did any testifying expert claim expertise
in both fields. That said, testifying ecological experts, e.g., Dr. MenzieP&mer, and Dr.
Baker, each have considerable expeitisstatistical analysis of datasets within their respective
disciplines. In contrast, Dr. Garabrant has no formal training related to aquatic ecology and
testified to only reviewing literature on aquatic ecology and freshwateromeertebrates for
purpases of this litigation. Tr. 1 at 585, ECF No. 105.

19 However, also note that “epidemiological studies are not necessarily tetpijpeove
causation, as long as the methodology employed by the expert in reactonpdriconclusion is
sound.”Benedi v McNeilP.P.C., Inc, 66 F.3d 1378, 1384 (4th Cir. 1995&e also United States
v. W.R. Gracegb04 F.3d 745, 765 (9th Cir. 2007) (“the fact that a study is associaticathler
than an epidemiological study intended to show causatitwes not bar it fronbeing used to
inform an expert’s opinion”).
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discloseall data. Each ofDr. Garabrant’sritiques will be reviewed in turn below, but first the
Court observes th&tlaintiffs’ responses to these critiques can be boiled down to the suggestion
that Dr. Garabrarg critiques are fundamentally flawed insofar as Dr. Garabdatht not
adequately understand the underlying subject matter, i.e., freshwater eCology.

Taking a patrtialarly illustrative example, Dr. Gabrant’s critique of Table B of the
EPA Benchmark suggests an inability to corgeappply common statistical tools presumably well
within his epidemiological expertisnd, in doing so, to adequately interpret avédlazological
data Table B7 offers arelatively straightforward presentation of data purporting to represent
two regression lines. Joint Ex. 17J0773. Dr. Garabrant demonstrated therceivedailings
of the table byattempting to recreate the gtagseelr. 1 at 2224, ECF No. 105 Using the data
in the table, Dr. Garabrant’'s recreated graffered only the nonsensical resultmkdictinga
total absence of mayflies at background conductivity lele@ls.Basicknowledge of ecologgnd
observed conditionll us thatas graphed by Dr. Garabratfite numbers in Table-B cannot be
correct Thus, Dr. Garabrant offered his expert opinion that the table was nonsense. Tr. 1 at 22
(“Something'’s seriously wrong. Itis not a valid resultd);at 24 (“We know that the maximum
number of ephemeropteran genera is 14. Of course, the minimum has to be zelis [tAblE]
generates is negative numbers. It's nonsense.”).

Contrary to Dr. Garabrant’s opinion, Plaintiffs’ expert found the sandeT&7 to be
perfectly sensible with the addition of a single interpretive move. Thoughregklsewhere in

the Benchmarksge e.g.,Figures 13a, 13b, 13c, 13d, and 13e), the authors made no explanation of

1 For instance, Plaintiffs’ expert, Dr. Wing opined that, in his assessment, “[Dr.
Garabrant’s] statistical analysis and his opinions about the Benchrearkiaformed for the most
part by a nuanced and thorough understanding of the topic of stream ecology, whichevould b
necessary for a proper evaluation of that topic.” Tr. 2 at 41, ECF No. 100.
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whether a logarithmic scale should be used to interpret the data shown at-Fal@Bough not
specifying that the data in the table would need to be logarithmically transfaaowedding to Dr.

Baker, the appropriateness of using a log scale would be obvious to an ecologist. Tr. 4 gt 229-30
ECFNo. 107 With that background expertise in ecological data analisisBaker produced

two graphs, each using different scales, and each showing results consisterttewadtat
analyzed. Pls.” Exs. 176 and 177.

Thus, what appeared to one epidemiatafjiexpert to be an incorrect and nonsensical
table, was in fact a perfectly sensible table that the authors merely negleadedtately label for
non-expert reviewers. While there is likely no acrtissboard answer to what respective
degrees of epidemiological and ecological expertise are necessary to evaluate the EPA
Benchmark, this example serves as a ready reminder in the analysis to followntlethisg
beyond wholly norcontextual data analysis may be neetfed

1. Assessment of Effect Modifiation

12 Dr. Baker recalled a general explanation specifying use of a logaritualie offered
elsewhere in the Benchmatt he was not able to quickly find such a reference while on the
stand. Even with the benefit of greater time and digital copy, the Coudimaarly unable to
find such a general reference.

13 As explained by Dr. Garabrant, “[i]ssues such as confognahd effect modification
are universal issues in complex, multivariate datasets. Epidemiologyphesd out approaches to
correctly recognize and, when possible, adjust for and deal with those issues. . . .ifElesare
not unique to ecologic datasets. They run through ecology, psychology, economics, human
health studies. Those are just characteristics of large multivariable sdtéset at SQECF No.

105 While these principles and concepts may be universally applicable, Dr. Garabra
newertheless managed to handily demonstrate how readily and unabashedly darcanahysstep
when applying them if he is unfamiliar with the subject matter under analysis.

Dr. Garabrant’s misstep gives pause precisely because it was the resulingflea s
mathematical exercise; one that required mastery of little more than most are taught in
high-school. Presumahlyt is not Dr. Garabrant’'s competency at graphing that failed him, but
his ability to sensibly interpret and analyzeologicaldata. As cautined by Dr. Wing, “the
further one goes from one’s substantive knowledge, the more difficultly one would havé even i
the methods used, for example, in statistics were the same.” Tr. 2 at 21, ECF No. 100.
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Turning to Dr. Garabrant'broadercritiques of the EPA Benchmark, we begin with the
suggestion that the Benchmark is fundamentally flawed insofdred&sPA failed to account for
effect modification. As explained by Dr. Garabrant, “fegct modification occurs when the
association between two factors is different depending on the presence or absghael factor.

If, for example, the association between an exposure and an outcome is diffeneer than for
women, sex modifies the relationship between the exposure and the outcome.” ECHA 40390
see alsoDictionary of Epidemiology (Miquel Porta ed., 6th ed. 201dgfining “effect
modification” as a “[v]ariation in the selected effect measure for the factor undigr atwoss
levels ofanother factor?)id. (defining “effect modifier” as “[a] preexposure factor across whose
levels the value of the effect measure of interest varies; [a] factor that ballggclinically,
socially, or otherwise alters the effects of another factornstddy”). When effect modification
is present, “[clombining the two groups to create a summary measure of assodati
meaningless: it is not true for men and it is not true for women.” ECF Nba®@. Thus, before
a causal analysis moves on to twone potential confounders, it is essentidinst assess whether
effect modification is present. Dr. Garabrant, Tr. 1 at 14-15, ECF No. 105.

Returningto Dr. Garabrant’s critique, indeed, the words “effect modification” cannot be
found in the text othe Benchmarksuggesting to Dr. Garabrant that the EPA did no analysis of
effect modification In an effort to assess the presence or absence of effect manhfidati
Garabrant turned to the underlying data and produced a series of figuresqullysbidwing the
presence of effect modificatio®eeDef.’s Exs. 3£36. In each tablethe percent of sites with
ephemeroptera present is represented along -#pasy conductivity is represented along the
x-axis, and blue, red, and green lines run acrasgtaph as representations of {omid-, and

upperfange values for a given potential effect modifier, respectively. fakmexample of pH
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as a potentizeffect modifier (Def.’s Ex. 31)Dr. Garabrant explained that the effect of pH can be
gleaned fran looking at “the vertical distance between the green line and the blueoloiagh
conductivity constant,” with greater vertical distance suggesting grékétihood of effect
modification. Tr. 1 at 36—37, ECF No. 105.

Using these tables thusly visialize the data, Dr. Garabrant reached the conclusion that
effect modification was present with respect to(jfH1 at 37, ECF No. 105 (discussing Def.’s Ex.
31:“[i]f pH is neutral to high, there is no relationship between conductivity and EgnarmifpH
is low, the insects are adversely affected. That's wffatt modification looks ikg), stream
size(Tr. 1 at 39, ECF No. 10&liscussing Def.’s Ex. 32: “I think you have evidence here of effect
modification . . . You are getting a different ansveecording to stream size. That's effect
modificatior?)), dissolved oxygen (Tr. 1 at 41, ECF No. 18Bcussing Def.’'s Ex. 3R)iron (Tr.

1 at 43, ECF No. 10f&iscussing Def.’s Ex. 3)andmanganese (Tr. 1 at 445, ECF No. 105
(discussing Def.’s Ex.&). Thus, the Court has one trained epidemiologist, with no formal
background or experience in ecologyaiming that the EPA neglected to consider effect
modification and in so doing missed the presence of several effect modifithereby
undermining the entirety of itsausal analysis

A second trained epidemiologist offered testimony on the saue,ibut reachestarkly
different conclusioa Responding to Dr. Garabrant’'s analysis of effect modification and EPA’s
Benchmark, Rintiffs’ expert, Dr. Wing, cautioned that, “in order to make a decision about
interaction or effect modification, it's first necessary to have some idea dimtpic one is
investigating because without that, one can make egregious mistakes abmlysis ahich can
be done by someone who doesn’t know anything about the topic but could result in essentially

meaningless conclusions or actually conclusions that are misleading.” T202EBCF No. 100.
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He further stated the belief “that the issuefbéct modification or interaction is one that should be
made based on subjective knowledge in the area, and it's not one that's simplytiaastatis
requirement or rule.” Tr. 2 at 20, ECF No. 100.

Consistent with that fundamental reservation and delsjsiteonsiderable epidemiological
expertise, Dr. Wing was unableagree withDr. Garabrant’s conclusion that effect modification
is present in the dataset and yet left unaddressed by EPA. Looking, for example, a
Garabrant’s figureassessg dissoled oxygen as a potential effect modifiPref.’s Ex. 33) Dr.
Wing observed similar trends across {pmid-, and uppr-range dissolved oxygen levels. 2 at
45, ECF No. 100. According to Dr. Wing, the similarity of the trend, or slope, ssggest
absence of effect modification.ld. Moreover, solely based on the graph relied upon by Dr.
Garabrant, Dr. Wing explained that it was impossible to definitively assesg afbdification
because Dr. Garabrant neglected to include any information on sample size ompi@cg., no
slope estimates or standard error estimates are provided). Tr. 2 at 46, ECF N&ntlOgo the
opinion of a second epidemiologistithout ecological training reaches not only a contrary
conclusion about effect modification, butirther identifies an analytical barrier teliably
interpreting the graphs relied upon by the first.

To that uncertain mix, Dr. Baker contributes his opinion on effect modification as an
ecologist without formal epidemiological training. Like Dr. Wiy, Baker similarly critiqued

the absence of informan on sample size or precisiéh. Dr. Bakerfurther called attention to the

4 On crossexamination, Dr. Baker was asked whydie not recreate plots, just as Dr.
Garabrant had done, and calculate measures of significance necessary to ineeppoes treated
by Dr. Garabrant. Tr. 4 at 2388 ECF No. 107. Like Dr. Garabrant, Dr. Baker did have access
to the dataset and the expertise necessary to repeat the analysis. Since heeogiatad Dr.
Garabrant’s analysis to reveal error bars and since we find ourselves wressaadl context, it is
not unreasonable to ask why Dr. Baker did not do so.

That said, even in ardeersarial context, it is arguably reasonable to expect that experts
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fact that values were binned across the conductivity gradient by Dr. Garabramiaimar that
failed to control for sample size within each bin.Most surprising, however, was Dr. Baker’s
testimony that the EPAid assess effect modification. According to Dr. Baker, the term “effect
modification” is not commonly used in ecology. Tr. 4 at 239, ECF No. 107. Instead, esologist

commonlyrefer to “covariation” as a “catchall term” used for both confounding aretteff

will proffer opinions in such a way that enables others to evaluate the sigrefaadceliability of

their work. As reminded by the current and past presidents of the Internafohainiological
Association in the Forward to the Sixth Edition of the Dictionary of Epidemiol§iglye nature of
science is not to reach consensus but to advance our knowledge by bringing condictstp
critical examinations.” Consistent with this interest in enabling critical examinatiorthe
context of science conducted purely for sake of advancing knowledge, experts eutecxp
provide sufficient information to enable peer review. This expectation opaeT®y ensures
integrity and dbws for meaningful discussions of what is known or unknown, and to what degree.
It is not unreasonable for a court to have similar minimum expectations inricese reaching
reliable final judgments.

Thus, the better question might have been whybdidsarabranhotinclude indicators of
significance in the analysis he conducted and presented to this Court. One caagimyg iwhat
dimensions of bias may be introduced to expert findings when moved from the theoretically
unbiased universe of Science to the purposefully adversarial universe of coutteut\Wiaking
judgments as to motive, reasonable possible inferences could be as troubling as thakimg t
Garabrant did not do so because he did not understand the interpretive significanck of s
indicators—ealling the competency of his analysis more generally into questonhat he did
not do so precisely because he did understand the interpretive signifiezaiteg the credibility
of his analysis more generally into question. Such musings could and should be rendered
unnecessary merely by experts taking care to present findings to thewithua degree of
transparency that enables critical examination of conflicting ideas.

15 Whatever conclusion is to be reached in light of the allegstholes to interpreting the
significance of the plots, Dr. Baker added that conclusions regarding pH would la¢enmam
because EPA controlled for any effect modification occurring at pH<@umgcating the data
accordingly.

Though criticized, truncatgn data and sample selection appear to be accepted
methodological approaches to control for confoundeg e.gVirginia Tech, Pls.” Ex. 173 at PE
1692 (“This was accomplished by seeking study streams with attributessduabit@t quality that
were asisnilar as possible to minimalgisturbed reference streams of the region. The design was
intended to ensure that TDS, including its component ions, was the primary facteataedswsith
biotic stress in these streams”); Dr. Wing, Tr. 2 a+3X ECF No. 100 (explaining the
methodological validity of truncating data as a means of controlling for poteatiddunding
effects).
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modification. Tr. 4 at 191, ECF No. 107Though never using the term, Dr. Baker remains
assured that the EPA considered effect modification through alternats.mdeah 191, 239.

Even standing independently, the rebuttal arguments offered by Dr. Wing aBdker.
arguably do enough to dispose of Dr. Garabrant’s critique of the EPA Benchmaekl relat
analysis of effect modification. Dr. Wing's testimosffectively draws the adequacy of Dr.
Garabrant’s expertise into question, and Dr. Baker’s testimony demosdtratenportance of
ecological expertise in reading and evaluating th&’&®ork. FurthermorePlaintiffs’ expert
testimony does not stand aky it is accompanied by and consistent with the expertise and analysis
of the EPA—an expert federal agenegting in its area of expertise.

2. Analysis of Confounding

Dr. Garabrant further argued that the EPA performed an unreliable analysis of
confounding thereby rendering EPA’s causal conclusions invalidihe Dictionary of
Epidemiology defines “confounding” as

[T]he distortion of a measure of the effect of an exposure on an outcome due to the

association of the exposure with other factors ithfiience the occurrence of the

outcome. Confounding occurs when all or part of the apparent association between

the exposure and the outcome is in fact accounted for by other variables that affect
the outcome and are not themselves affected by expo<ure.”

16 As previously noted by the Court, in developing the Benchmark, the EPA’s findings
were subjected to review and comment by thier®e Advisory Board-ola (Stillhouse) 2015
WL 362643, at *6. As noted by Dr. Garabrant, not only are there epidemiologists on tieeScie
Advisory Board, “there are some very fine [epidemiologists]” serving incidgadicity. Tr. 1 at 71
ECF No. 105 While offering constructive criticisms for further analysis, these epidegigis
evidently accepted the EPA’s Benchmark as adequate, to say the least.

" In addition to this textbook definition, we might also keep in mind that, “confounding,
like many concepts in science, is a basic concept, but it'’s not a settled concept, niezrtingre
are disagreements between epidemiologists, even in textbooks, about exactly Hefine
‘confounding.” Dr. Wing, Tr. 2 at 25, ECF No. 108ee alsdSharon Scivartz et al., Toward a
Clarification of the Taxonomy of “Bias” in Epidemiology Textbookpjidemiology26:2 (March
2015), PIs.’ Ex. 170 (“We identified and reviewed 28 textbooks that met the inclusemac@ur
review verified the norm of categorizing bias into confounding, selection biaspfmohation
bias. All textbooks that included an organizing scheme (24/28) used these catétmsiesger,
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As argued by Dr. Garabrant, the EPA failed to adequatelyreliablyassess confounding, instead
relying on an unverified and subjective methodology. Tr. 1 at 16—-18, ECF No. 105.

Asked to comment on the validity of EPA’s approach to analyzing confounding, Dr.
Garabrant hestitated to say whether the approackalidsor not. Tr. 1 at 16, ECRo. 105 (“It's
hard to say whether it is valid. | have never seen it used. | haven't seen anyorabildt | have
never seen any test this method to shothat itworks. So | would say it's not known whether it's
reliable or not. EPA created it.”). Beginning broadBy,. Garabrant called attention to the
following paragraph from the Benchmark explaining the EPA’s approach to confoundisg in it
causal analys:

Weighing evidence for confounding factors differs from weighing evidence for

causation. The causal assessment in Appendix A determines whether dissolved

salts are an important cause of biological impairment in the region. This
assessment of confoumndj accepts the result of the causal assessment and attempts
to determine whether any of the known potential confounders interfere with
estimating effects of conductivity to a significant degree.
EPA Benchmark at 8. As explained by Dr. Garabrant, thiarpgraph reflects an analytical
error on the part of the EPA akin to “putting the cart before the horse.” Tr. 1 at 17, &GQBN
(“[T]he idea that you accept the result of causal assessment and then look at configisiahply
putting the cart before the horse. It's backwards.li. addition to this analytical error, Dr.
Garabrant suggested that EPA’s approach was relatively arbitrdusujective. Tr. 1 at 16, ECF
No. 105.

Dr. Garabrant then went on to explaiattpidemiologists commonly rely arelatively

straightforward way to identify the presence of confounding effects: aentiparesults of a crude

only one textbook articulated the 2 elements of a consistent taxenanfigature that unites
confounding, slection bias, and information bias and a feature that differentiates them. Hsere w
variation across textbooks as to how close they came to a clear description eictiueestf their
schema.”).
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analysis testing the association between conductivity and extirpatiamsiatee results of an
adjusted analysis that introduces a potential confounding f&cfor.1 at 1819, ECF No. 105.
Using the same dataset relied upon by the EPA, Dr. Garabrant performed pthatseialysis.

SeeDef.’s Ex. 40. The results of that analysis are reproduced in the following table:

Percent change in

Adjusted parameter parameter estimate after

Variable estimate of conductivity adjustment
Dissolved Manganese -2.13 81.94%
Sulfate -3.16 22.85%
Total Magnesium -4.77 18.67%
Total Orthophosphates -4.69 17.17%
Hardness -4.45 12.81%
Alkalinity -4.42 12.23%
Watershed Square 441 12.04%
Kilometers
Dissolved Calcium -3.47 11.87%
Total Selenium -4.40 11.82%
Dissolved Orthophosphate -4.40 11.72%
Total Manganese -3.50 10.90%

Table 1: Confounders present in the EPA dataset. Adjusted conductivity

parameter estimate and percent of change effected by each confounder. Crude

conductivity (logarithm transformed) parameter estimat8.88. Def.’s Ex. 40.
Referring to this table, Dr. Garabrant offered testimony that any changeimeter estimate after
adjusting for a given variable greater than 10% signals the presence of confolindag+72.
On crossexamination, howeverDr. Garabrantreadily ackiowledgedthat while “there is

widespread agreement that more than fifty percent change is imgoinaifite range of ten to

twenty percent judgments about confounding would depend on the anslysickground

18 In contrast, Dr. Wing offered testimony that “there is not a set of ruleayorgswhether

or not there’s confounding.” Tr. 2 at 27, ECF No. 100. Moreover, “different epidemislogis
have somewhat different definitions of ‘confounding™ such that “even if there wees, they
would have different rules.” Dr. Wing, Tr. 2 at-Z8, ECF No. 100. Ultimately, according to Dr.
Wing, “[you have to understand the substance of the topic” when conducting a aalgals
precisely because “[t]here’s no generic analytic method which produddeeacience.” . 2 at

28, ECF No. 100. Here, itis perfectly reasonable to expect that the EPA posseksegertise.
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knowledge in the subject matter at issue.ITat 72 ECF No. 105 As alreadymentioned, Dr.
Garabrant is withoupreciselythat background knowledge. Accordingly, the Court is left to
conclude that Dr. Garabrant’s ten percent threshatda¥ arbitraryand unreliable.

Beyondanalytical diffeences of opinion, the Court is further unmoved by Dr. Garabrant’s
analysis of confounding given the quality of underlying data and the natuesetaincvariables.
First, as will be discussed at length in the next section, some of the variablgsedrinlDr.
Garabrant for confounding are known to ecologists to have little to no relevancecontagt of
West Virginia streams impacted by alkaline mine drainage. (e.qopdrdosphatesseeinfra
Section 1.B.3.% Second, and also discussed below, the database lacks a significant number of
data points for some of these variahliedesstotal and dissolvedtlaluesare considered together.
(e.g., magnesium, calcium, selenium, and mangasesmjfra Section 11.B.3.

Like Dr. Garabrant, this Court would be unable toassfthing but an arbitrary threshold
for recognizing potential confounding variables. Instead, the Court continues tonrehe
expertise of ecologists and testimony assuring the Court that the ERgeeng reasonable and
verified analysis of confounag.*®

3. Adequacy of the underlying data

19 Furthermore, the Court notes that EPA's findings are corroborated by considerable
peerreviewed scientific literature&See infraSection II.C. Saoh studies, which will be reviewed
below, reach corroborating conclusions regarding the causal relationship between iatianpol
and loss of freshwater macroinvertebrates despite reliance on unique methodcuidgikestinct
datasets. Dr. Baker estiredtthat, across the published literature, roughly six to ten different
statistical techniques have been relied upon to test that causal relationship. T233E€F No.

106. Whatever technique is used, experts have consistently identified condudithigy mnost

likely cause of biological impairment. Similarly, Dr. Baker estimated thaiaat fere different
methods had been used across the published literature to analyze potential confoulodsniglfac

at 124. Again, whatever the method used, experts have consistently ruled out potential
confounders and identified conductivity as the most likely cause of biological imggsir
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Dr. Garabrant offered two critiques the datarelied upon by EPA irdeveloping the
Benchmark. First, Dr. Garabrant highlighted missing data points (e.g., limited numberaf dat
points for dissolved calcium).Second, Dr. Garabrant criticized EPA’s presentation of data and its
analysis thereads misleading

a. “Missing” Data

With respect to allegations of fatally missing data, Dr. Garabrant pcepaable reporting

the number and percent of missing data points for each variable missing greati%haf the

possible data points. Def. Ex. 38 (reproduced below)

Number Missing Percent Missing
(out of 2,210 total (out of 2,210 total
Variable observations) observations)

Dissolved magnesium 2209 99.95%
Dissolved calcium 2201 99.59%
Dissolved manganese 2190 99.10%
Dissolved orthophosphate 2171 98.24%
Total orthophosphates 2170 98.19%
Dissolved selenium 1897 85.84%
Total selenium 1714 77.56%
Percent brush 1493 67.56%
Percent barren 1493 67.56%
Percent wetland 1493 67.56%
Percent agricultural 1493 67.56%
Percent urban 1493 67.56%
Percent woodland 1493 67.56%
Table 2: Number and percent of missing for each variable (Missing > 50% o

Def.’s Ex. 38.

According to the table, greater than 98%ihe data points are missing for dissolved magnesium,
dissolved calcium, dissolved manganese, dissolved orthophosphates, and total orthophosphates.
Def.’s Ex. 38. Additionally, between 67% and 78% of the data was missing for various land
cover variable, 85% of the data was missing for dissolved selenium and 77% missing for total

selenium. According to Dr. Garabrant, these deficiencies in the dataset pdetfenEPA from
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meaningfully analyzing potential effects of these variaBleEr. 1 at 24—25ECF No. 105.

However, as an ecologist, Bakerwas not similarly troubled by the missing data. First,
he explained that deficiencies found in dissolved magnesium, were well cotegeiosdy data
on total magnesiurf: Tr. 4 at 199201, ECF No. 107 As is the case with magnesium, greater
than 50% of the sites in the WVDEP database had available data points for tatah eald total
manganeseld. Similarly, when the data points for both dissolved and total selenium are
combined, greater than 50%tbe sites had data on selenium levél.

With respect to alleged missing data on land cover categories, Dr. Bakemvilaslsi
untroubled. Dr. Baker testified that, as an ecologist, one would not be likely to congiddr an
these variables as potait confounding variables and would therefore likely ignore these
categories as immateriddl. Finally, with respect to orthophosphates, Dr. Baker explained again
that the lack of data would not trouble an ecologist in this context, because orthopdssphigih
concentrations are associated with agricultural landscapes, which arallgenet found
near—much less coextensive withmining areas in West Virginidd. at 201. Stated differently,
the absence of land cover data or orthophosphate measurements would only trouble atoeviewe

the extent that he did not have the necessary background familiarity with eeolddgnd use

20 Surprisingly, Dr. Garabrant did not similarly conclude that these perceived data
deficiencies prevent meaningful ansily of potential effect modification. Nearly half of Dr.
Garabrant’s likely effect modifiers also appear in his table listing variakiis insufficient
datapointsCompareDef.’s Ex. 38andDef.’s Ex. 40. For example, we see that there is only one
data entry for dissolved magnesium among a total 2,210 observations, yet Dr. Garabrant
concluded that dissolved magnesium is a likely effect modifier. Similarly, BralBant
identified dissolved manganese as the most likely effect modifier, desgiéetidng only twenty
data points for dissolved manganese among a total 2,210 observations.

2L Dr. Baker represented that the dataset includes over 1,000 data points for Total
Magnesium, Total Calcium, and Total Manganese. No testimony was offeredggest
different effects based on whether substances are present in ionized or net-foms.

22 Notwithstanding observations about the amount of selenium data available, a exper
agreed that the EPA Benchmark recognized that given the limited available dategrarcand
effects of selenium should be investigated further.
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patterns to independently recognize the insignificance of the variables.
b. “Hidden” Data

In addition to purportedly fatally nssng data, Dr. Garabrant also criticized the EPA
Benchmark for “hiding data.” As explained by Dr. Garabrant, a series of tableslguawi
Appendix B (Table B-8 (habitat), B13 (Embeddedness)-B (pH), B23 (stream size), B5
(dissolved oxygen), 8 (iron), B-29 (Aluminum), B30 (Manganese)) all shaaecommon flaw:
failure to include significant chunks of data for conductivity levels betweem®@t and 1500
uS/cm, instead, only showing data at extreme conductivity conditions (i.e., < 200 uS/cm and >
1,500 uS/cm). In some instances, these tables fail to include significantramge data for not
only conductivity, but also for the variable of interest (e.g.-raije iron data was not included in
Table B28). Dr. Garabrant recognizeohd critiqued the absence of mithnge dataandwas
unable to provide any methodological or analytical justification for its absence

Making gooduse of database access, Dr. Garabrant recreated the suspect tables to include
mid-range datdéseeDef.’s Exs. 39, 43-49)and then continued to plot the data represented in each
table(seeDef.’s Exs. 36:36). Based on this information, Dr. Garabrant reached two conclusions:
(1) effect modification is present with respectetach cevariaterepresentedand (2)there is a
consistenabsence of conductivity effects regardless efaonate levels until conductivity reaches
1200uS/cm to 1500uS/cm. These conclusions suggested to Dr. Garabrant that there are serious
flaws in the EPA’s analysisTr. 1 at 3346, ECF No. 105 In turn, Dr. Garabrant’s only
explanation for how the Benchmark reached publication despite hidden data biéwame
suggestion that the SAB and peer reviewers would not have had access to the dataset and the
ability to perform the analysis he did. Tr. 1 at 48-ECF No. 105.

Through the testimony of Dr. Baker and Dr. Wing, Plaintiffs supplied convincing ributta
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to each criticisnrelated to “hidden datafaised by Dr. Garabrant. Not only are these rebuttal
arguments convincing, but to some extent, they also highlight the drawbacks @indbtsis
performed with relatively limited understanding of the subject matter beagzed. First, Dr.
Baker explained a methodological reason EPA did not includeangk data in the tablegiven

the natire of the data, midange valuesvereirrelevant to answering the question asked. Tr. 4 at
203-04, 207-11, ECF No. 107The EPA datasatas qualitatively limited (or coge)in that the
data captured presence or absence of mayflies, but not information on abundanceyor Vaeet
category “mayflies” includes a variety of discrete species, each with parteensitivity to
conductivity. Some mayflies are uniquely sensitive, while others are uniquehaniolt
conductivity. As established in the thgmblished literaturegll mayflies—sensitive and tolerant
alike—can be expected to have a negative response to conductivity levels in extegs30of
uS/cm. Stated differently, until conductivity exceeds 1,50)cm, the available data would
likely showsomemayfly presenf® If somemayfly is present, however, that does not necessarily
tell us anything about abundance (i.e., only one bug could be present) or variety (i.enenly
species of mayfly could be presenti\ccordingly, if the question is whether or not mayflies may
be present regardless ofcariate influences, the data only allow us to answer that question if we
look to the extreme conductiy ranges (i.e., lowest conductivities where we would expect even
the most sensitive mayflies to peesent and the highest conductivities where we would expect
even the most tolerant mayflies to be absent).

Given Dr. Baker’'s more nuanced explanation of the import of the data shown and the data

23 As explained directly by Dr. Baker, “[t]he criteria the EPA was using here anirst
any site with a mayfly. Now because the mayfly is an order, there are mangs$aniih diffeent
characteristics and also genera within those families, and we know that at e&asifafem can
tolerate exceptionally high conductivities. Therefore, it would not be surprisiayj & find
mayflies, a mayfly, anearly all of the sites betweef®and 1,50@S/cm.” Tr. 4 at 203—-04, ECF
No. 107.
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not shown, Dr. Garabrant’s criticism of hidden data does little to impugn the work of EPA
scientists, instead illustrating Dr. Wing's point that data analysis is not the sartiee as
interpretation of data. While an epidemiologist may be qualified to run datessesain any
dataset, it should not be assumed thatepidemiologist is necessarily otherwise qualified to
interpret the results of that analysis.

Second, Dr. Baker tailored his interpretation of the data presented accordiaduodtion
of the tables in theverall analysis Importantly, these tables were not relied upon by the EPA to
identify threshold effects; these tables were introduced to explain EPA'sutaliig analysis.
Presence or absence of some mayfly genera without any data on abundance ocexaiety
very little that would help to ehtify a conductivitythresholdat which the most sensitive
macroinvertebrates suffer extirpation.

4. Inter-state differences in species sensitivity

Dr. Garabrant’s observations about the differences between XC95 values inivyesa V
and in Kentucky are among his most immediately compelling observations. eRcarBarks
XC95 valuesreport generaspecific response thresholds at which you can expect 95% of
freshwater macroinveteratés tolerate conductivityevels. While 1 is not surprising to expect
different generato have different response thresholds, Dr. Garabrant made the troubling
observation that there avariancesn the response thresholdghin generabased on whether the
data was sourced from West Virginia or Kentuckiyor example, crossomparison of tables
reveals the following differences between response thresholdef@rain West Virginia and

Kentucky, among others:
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Genera West Virginia Kentucky

Diphetor 632 190
Oulimnius >2,791 320
Pycnopsyche 295 >775
Wormaldia >1,553 235
Dolophilodes >863 270
Oulimnius >2,791 320
Ablabesmyia >11,646 >1,410
Lepidostoma ~121 149

Table 3: XC95 thresholds identified in EPA’s

Benchmark for selected genera under the West Virginia

and Kentucky datasets.
It is easy toshareDr. Garabrant’s shock upon noticing that differgenheraapparently have
different response thresholds depending on whether they are observed in one state rof*anothe
Surely biological responses should not vary according to political boundaries;,iadeapltly
stated by Dr. Garabrant, “bugs don’t know where they live.” Tr. 1 at 29, ECF No. 105.

Though Dr. Garabrant could only imagine such discrepancies suggested fatal
methodological and analytical flaws, Dr. Baker readily offered sound exjgasaboted in the
nature of data analysis and data collection. Tr. 4 atPAIECF No. 107 First, whatever the
differences in XC95 values of a few genera, across the entire datasets, the XC&y avellv
correlated® I1d. at 21+12. Second,hie West Virginia dataset includes several thousand
samples; the Kentucky dataset includes roughly two hunidteat.213-14. All else being equal,
based on sample size alone, the Kentucky data would have a larger possibility ahdrtbe
West Virginia database would be more reliaite. In addition to differences in the quantity of

data, the quality of the data for each state is uniguat 214-15.In Kentucky, sampling protocol

24 1t is worth noting that Plaintiffs are not complaining of conductivity levels rifitdly
exceed EPA’s Benchmark of 3Q(G/cm. With few exceptions, the conditions at issue here
exceed nearly all the XG2xhreshold values from either state.

%5 Dr. Baker further noted that the particular taxa discussed by Dr. Garalejamsent the
most extreme outliers, so they are an example of just taking the [worst] caseskéoa
comparison.” Tr. 4 at 212, ECF No. 107.
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directs thatall bugs collected in the sampbe countedid. In West Virginia, the sampling
protocol directs that only a subset of the total sample be coudted.

Given these differences in collection methods @etdbassize, one would expect that the
EPA would identify two different and loosely associated benchmarks. h& edéthodology used
by the EPA identified remarkabsimilar benchmark values noithstandng speciespecific
differences’®® Dr. Garabrantorrectly concludesthat the datasets are imperfeéndividually
and relatively. So far as this Court understands ecological study, datasetsnvariably
imperfect. Notwithstanding perennial deficiencies in information, it remains #ke dathe
scientist to distill reliable (and in the regulatory context, actionable) resBlésed on Dr. Baker’s
explanation of the distorting effect of the quality and quantity of data in WeshMias opposed
to Kentucky, the Court remains confident that the EPA Benchnmrasepts reliable findings
based on the information availablelhis is particularly the case with respect to #RA's
analysis and conclusions based on the WVDEP database. Tr. 4 at 216, ECF (lOv&éall, |
would expect the West Virginia dataset toabigtle bit more precise given the nature of the data
size.”).

C. Scholarly Publications and Expert Opinions

In addition to EPA’s BenchmarlRlaintiffs further relied on a seeminggvergrowing
collection of published, peeeviewed journal articlesaddressing the connection between
conductivity and impairmenin Appalachian streams Through the testimony of experts, the
Court was introduced to myriad paewviewed articles. In revisiting that collection of articles

below, note the complete absence of pegiewed scientific articles to the contrafyTr. 2 at 95,

2 Dr. Baker offered testimony explaining that the XC95 values in both statesosety
correlated even in the aggregate and in an arsgialg. Tr. 4 at 227, ECF No. 107.
" In collaboration with colleagues, Dr. Menzie developed a paper titled tAidery
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ECF No. 100. Instead, the scientific communigpeatedly reaches and repott® same
conclusion despite the use of multiple methodologies relying on a variety of tdatame
conductedy a range of expert scientists. Given that growing and consistent body of scientific
study, it is not surprising that Dr. Palmer is of the opinion ‘tia&re is a strong relationship and
evidence of causation between high conductivity and impairmecgntral Appalachian streams
impacted by alkaline mine dreage. Tr. 2 at 94, ECF No. 100 have at this point absolutely no
doubt. There are so many studies that have been done, using very different methodg and ver
different places that have all reached the same conclusiseéalsolr. 3 at 12526 (Dr. Baker
explains that the relationship between elevated conductivity and biological nmepéairs very
strongly supported, to the point that he would sooner consider it a fact of science thap)a theor
The scientific literature concerning the relationship between conductidtyngpairment
likely began in earnest in 2003 with publication of an Environmental Impact $HI8Y of
mountaintop mining valley fillsTr. 2 at 99, ECF No. 100 Authors of he EIS examined changes
in water chemistry and biological assemblages, finding increased conoastait sulfates and
dissolved solids, increased specific conductance, and a coincident decreaséive $axs in

impacted streams. Tr. 2 at-99Q ECFNo. 100 Other early publicatiamincludeda paper by

Note About Deriving Causal Relationships in Water Quality Benchmarks frelcth®bservations

Data: A Case Study in West Virginia Headwaters.” That paper includes some of theataral,
tables, and conclusions offered as testimony before this Court, on this and prevasisnscdr.

4 at 89, ECF No. 107. Development for publication was supported and funded by Fola, Alpha,
and Rio Tinto.Id. at 96-91. Dr. Menzie submitted the paper for publicatiofEtwvironmental
Science and Technolagg jaurnal which has previously published Dr. Menzie’s work and the
journal that published a series of articles by Cormier and Suter ostensilpyisiogithe EPA’s
Benchmarkld. at 83-90. “A Cautionary Note” was not accepted for publication.

28 As relayed by Dr. Palmer, “[o]ne of the things we're taught very early arsagentist,
that the strongest form of inference you can make is if you have multiple evesach the same
conclusion; if you use multiple methods, different kinds of experiments, observatmahs, a
particularly if different people do this work so you can eliminate potential methgidal
differences that individuals might impart.” Tr. 2 at 96, ECF No. 100.
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Kennedy et althe following yearrelaying the finding that exposure to elevated conductivity
levels resulted in loss of organisfdsint Ex. 9Tr. 2 at 100, ECF No. 100), and a 2@blication

by Hartmanexamining the relationship between conductivity and mayfly richness. Tr. 2 at 100
ECF No. 100.

In 2008, Gregory Pond et al. published a paper in the Journal of North American
Benthological Society, titled “Downstream effects of mountaintop coaingt comparing
biological conditions using familyand genusdevel macroinvertebrate bioassessment totls.”
Joint Ex. 13. In the underlying study, the authors conducted field sanplorder toanalyze
differencesn water chemistry and macroinvertebrate assemblageisatl and unmined sites. Tr.

2 at 104. Pond et al., concluded that there was strong evidence of a causal relationsbkip betw
conductivity and biological impairmentd. at 104 (“Our results indicate that [mountaintop
removal mining] is strongly related to downstream biological impairment, whetlvéaxonomic
data, individual metrics that represent important components of the macroinveréssenhblage,

or [multimetric indexes] are considered. The severity of the impairment rises to the level of
violation of waterquality standards (WQS) when states use biological data to interprativearr
standards.”) Moreover the authorgarticularlynoted that mayflies were especiadlgnsitive to
changes in water chemistig. at 104.

Furthermore, Pond et al. calculated correlation coefficients of “[GLIMP S|\ SClI]
and genusand familylevel nonmetric multidimensional scaling (NMS) axis scdresses]a
truncated list of environmental variables,” including conductivity, embeddedoesss, sediment

deposition scores, and total rapid biological protocol (“RBfbitat scored’ SeeTable 5, PIs.’

29 Authors include Gregory J. Pond, Margaret E. Passmore, Frank A. Borsuk, Lou
Reynolds, and Carole J. Rose.
%0 The EPA’s rapid bioassessment protocol is a multimetric tool for scoring hakmtéyq

-32-



Ex. 173 at JE0196. The authors found statistically significant correlationsdretineemetrics and

the total RBP habitat score (GLIMPSS 0.38; WVSCI 0.43), but not the embeddedness scores
(GLIMPSS 0.23; WVSCI 0.22) or the sediment deposition scores (GLIMPSS 0.20; WVSCI 0.28)
Id. The correlation coefficient for conductivity was almtvgb-fold the other values (GLIMPSS

0.91; WVSCI-0.80).1d. These findings support the conclusion that ‘[w]ater quality structured
benthic communities more than habitat quali§ls.” Ex. 173at JE0198.

Though relatively insignificant, Pond 2008 did fisdme positive correlation between
habitat quality and aquatic life; however, subsequent studies have made furthete@ffarse the
difference between habitat influenced effects and the effects of water cheBesty.gPIs.” Ex.

173 at PE 1537 (“This suggests that degradation of water quality and the resuleagaadn
specific conductivity, component ions, and trace metals limit aquatic life regaroiehabitat
quality.”); Virginia Tech, Pls.” Ex. 173 at PE 1703 (“Nonetheless, the exteriore undertaken

to locate test sites with abiotic conditions comparable to those of referenceastesccessful in
minimizing biotic influence from noffDS [total dissolved solidsktressors, including poor
habitat quality. This was an important step toward defining TDS sensitivity *%.Pond 2014
(“Habitat can be a limiting factor, but by design, we removed significant habijaadion
factors by selecting sample reaches with relatively good habitat and ipt@im vegetation at
reference ad VF sites . . .”)id. (“Overall, biological variation was strongly correlated with water
chemistry and less by reashale habitat and landscape conditions. Since ion concentrations
explained the greatest amount of biological impacts and were the teyetd gcompared to

reference), this suggests that recovery is potentially hindered by ionsndgeested reaches long

based on the aggregation of scores assigned to ten different variables. Tetat®tBs are
grouped into four different categories, or levels: optimal, suboptimal, margnaahcer.

31 «TDS stressors” would include the sort of ionic pollution alleged in this casda8y,
an assessment of “TDS sensitivity” would include analysis of ionic pollutiontiséies.
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after reclamation.”); Hitt et alJoint Ex. 8, PIs.” Ex. 173 at JE0129 (regarding impacts to fish
assemblages, the authors noted tf@bserved effects of [mountaintop removal mining] could
not be explained by changes in physical habitat conditions”).

The following year, Pond published a second arti€latterns of Ephemeroptera taxa loss
in Appalachian headwater streams,’Hgdrobiologia Pls.” Ex. 131. As was the case with his
earlier work, Pond again relied on experimental fieldwork, but he conducted uniguefiein a
different areald. In this second article, Pond compared mayfly assemblages at somewmety-
sites in Kentucky, focusing on taxa richness (i.e., “the number of different groups of mayflies,” T
2 at 105, ECF No. 100) and relative abundance. In so doing, Pond discovered that both mayfly
richness and relative abundance were significantly higher at refestieseand both were
significantly lower at mined sites. Tr. 2 at 305, ECF No. 100 Furthermoregonsistent with
earlier analyses?ond reported that “[r]elative mayfly abundance was most strongly ceddtat
specific conductancer = 0.72) comparedo total habitat scorer (= 0.59).” Pls.” Ex. 173 at
PE1526;d. at PE1536 (“Analyses from WV mining areas (Hartman et al., 2005; Merticks e
2007; Pond et al. 2008) indicated that the decline in mayflies from mountaintop minielgtesr
most strongly to specific conductance.”).

In the same year that Pond 2010 was publisBeignce Policy Forumpublished an article
co-authored by Dr. Palmer and titlétMountaintop Mining Consequence&®'Pls.” Ex. 133.
Here, rather than experimental fieldwork, the authors relied on data fromety & sources,
including data from the WVDEP database. Tr. 2 at 106, ECF No. 100. Through that data, the

authorsagainexamined the relationship between water chemistry and mining actildtias 106.

32 Additional authors include E.S. Bernhardt, W.H. Schlesinger, K.N. Eshleman, E.
FoufoulaGeorgiou, M.S. Hendryx, A.D. Lemly, G.E. Likens, O.L. Loucks, M.E. Power, and P.R.
Wilcock.
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In so doing, the authors again observed that mining contributed to poor water chemistry,
particularly marked byelevated conductivity levels, and that significant declines in
macroinvertebrate taxa resultédl.

The following year, thdournal of the North American Benthological Sociplished a
paper by Eric Merriam et al., titled “Additive effects of mining and residedgvelopment on
stream conditions in a central Appalachian watershldrit Ex. 11. As explained by Dr. Palmer,
Merriam et al.,examined the combined effects of streams impacted by mining as compared to
streams otherwise impacted by development, finding that mining impacts do coritribliéages
in macroinvertebrate community structure. Tr. 2 at-D8 ECF No. 100 These changes in
community $ructure would appear to have been more closely related to changes in water
chemistry as compared to changes in habitat. Pls.” Ex. 173 at3&E@17We found significant
effects of mining on irstream conditions. Increased levels of mining resulting orgrowater
quality, primarily through increases in specific conductance and associatedatissbémical
constituents. . . . Mining had no measurable effect on habitat complexity or qualithis,
relying on unique data and methodology the authors akle to conclude as follows:

Our results are similar to those of recent studies that have identified changes in

water quality to be the dominant stressor in mined systems (Fulk et al. 2603d Fr

and Petty 2007, Pond et al. 2008, Petty et al. 2010, FPal@). Increased specific

conductanceis consistently the dominant stressor in streams affected by

mountaintop removal mining in southern West Virginia (Hartman et al. 2005,

Merricks et al. 2007, Pond et al. 2008). . . . Furthermore, increased specific

conductance is a consistnely important predictor of ecological condition in these

systems . . . Our results corroborate those of numerous studies in which

Ephemeroptera was identified as one of the most sensitive taxa to increases in ion

strength associalewith largescale surface mining in the Central Appalachian

region.

Pls.” Ex. 173 at JE0174.
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This brings us to publication of EPA’'s Benchmark. As evident by the foregoing
discussionby the time the EPA published the Benchmark, scientific literatuthe subject was
already well developed, and according to Dr. Palmer, had already estahbligtedg relationship
between conductivity and impairment in Appalachiti@asns impacted by alkaline mideainage.
Tr. 2 at 110, ECF No. 100Neverthelessstudiesexaminingthe probableelationship between
mining, high conductivity, and impairment continued to reach publication inrpeewed
scientific journals.

In 2011, Dr. Bernhardt and Palmer published an article titled “The environmental costs of
mountaintop mining valley fill operations for aquatic ecosystems of the Centralagppans” in
the Annals of the New York Academy of Scient@stEx. 1;Tr. 2 at 117, ECF No. 100 There,
the authors concluded that there was a significant relationship between nutiuiges and
changes in the chemical composition of streams below mining. Tr. 2 at 117,&ABIN Such
changes were strongly associated with dgadal impairment of those stream#d. at 117.
Particularly, the authors explained that “[a]ll available data show thacrbes increasingly
unlikely to find an unimpaired aquatic benthic community as conductivity increddes Ex.
173 at JEO010.Elaborating on the same point, the article goes on to say that:

Whether or not individual component ions within minroherived runoff reach

streamwater concentrations that are individually lethal or toxic to aquatithkfe,

cumulative effect of elevateconcentrations of multiple contaminants is clearly
associated with a substantial reduction in water quality and biologicatiipteg
streams and rivers below mine sitesAll research to date indicates that
conductivity is a robust measure of the cutative or additive impacts of the
elevated concentrations of multiple chemical stressors from mine sites|taal

to biological impairment of streams.

Pls.” Ex. 173 at JE0014 (emphasis added).
Dr. Lindberg next joined Dr. Bernhardn a paper publisttein the Proceedings of the

National Academy of Science#led “Cumulative impacts of mountaintop mining on an
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Appalachian watershed® Pls.” Ex. 136. In this study, the authors “document the cumulative
impact of more than 100 mining discharge outlets and approximately 2&fkactive and
reclaimed surface coal mines on the Upper Mud River of West Virginia.”"BX{s173 at PE1759.

In so doing, they observed that “[a]ll tributaries draining mountaimopngimpacted
catchments were characterized hghhconductivity and increased sulfate concentratiod.”
More broadly, the unique approach taken in this paper established the cumulatives iofipac
mining in a watershed, with conductivity, sulfates, and selenium all sigmtifjdacreasing with
increased mining. Tr. 2 at 1389, ECF No. 100; PlIs.’ Ex. 173 at PE1763 (“Our synoptic survey
approach conclusively demonstrates that the observed increases in conductiviglamdm]
concentration can be attributed directly to the areal extent of sudatenming occurring in the
watershed.”).

Still in 2011, another study authored by Dr. Pond reached publicatidgpdrobiologia
“Biodiversity loss in Appalachian headwater streams (Kentucky, USAgcoptera and
Trichoptera communities.” PIs.” Ex. 137Here, Dr. Pond again documented the effects of mining
and residential land use disturbances on macroinvertebrates, particularlly{tleebptera) and
caddisfly (Trichoptera) assemblages. Tr. 2 at 119, ECF No. 100. Dr. Pond found not only
extirpationof these genera associated with mining disturbances, but further renfaakbdlitat
factors could not explain the observed impacts. Tr. 2 at20ECF No. 100; Pls.” Ex. 173 at
PE1775%6 (“no habitat factors were significantly correlated with relative alice metrics”)

In 2013, Pond published yet another-aighored paper on the subject; this time in
Environmental Monitoring and Assessmant titled “Calibration and validation of a regionally

and seasonally stratified macroinvertebrate indeXMfest Virginia wadeable strearh®ls.” Ex.

3 The Proceedings of the National Academy of Scieisceegarded as a rigorously
peerreviewed scientific journal. Tr. 2 at 119.
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138. The article describes “the development, validation, and application of sagbagily and
seasonally paribned genudevel index of most probable stream status (GLIMPSS) for West
Virginia wadeable st@ams.” PIs.” Ex. 173 at PE1786. Importantly, the gdeusl index
developed therein proved to be a more reliable predictor of stream ghalityts familylevel
counterpart, WVSCI. Tr. 2 at 121, ECF No. 10fointing out that a gendevel index is mule
more appropriate to use because the fateNgl index is not adequately sensitive [] because it
lumps genera that have very different tolerance levels.”). These findioglel wuggest that
WVDEP reporting of streams impaired according to WVSCI scowmderinclusive. Pls.” EX.
173 at PE1803 (“Overall, GLIMPSS rate more than twice the number of sites azlgever
degraded’ compared with WVSCI across all strata.”).

Adding to the variety of methods used to address the question, Bernhardtlaemal.
published “How Many Mountains” iEnvironmental Science and TechnologgintEx.2. Inan
attempt to further assess the extent of pollution resulting from mining, the authappéd
surface mining from 1976 to 2005 for a 19,581%larea of southern Wefirginia and linked
these maps with water quality and biological data for 223 streams.” Pls.” Ex. JH3020. In so
doing, they observed that the amount of mining in an area was highly correlated toethcreas
conductivity in area streams. PIs.” Ex. 173 at JE0O020 (“The extent of surface miring w
catchments is highly correlated with the ionic strength and sulfate corieergraf receiving
streams.”). Then, relying on generalized additive models, the authordiedetite following
thresholds atvhich amount of watershed mining, stream ionic strength, or sulfate caataardr
render impairment likely: “We find this threshold is reached once surface aeabegupy >5.4%
of their contributing watershed area, ionic strength exceedp 86617, or sulfate concentrations

exceed 50 mg/L.” I1d. Though the authors relied on different data and a unique methodology,
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they nonetheless arrived at a conductivity threshold remarkably simitse threshold identified

by the EPA. Further consistent witthe Benchmark, the authors did so only after controlling for
the potential effects of habitat. Pls.” Ex. 173 at JE0022 (“Finfdjgneral additive models]
allowed us to model the stressesponse relationship after controlling the effect of instream
habitat quality, a variable that influences community metrics independently of cattimming
and stream chemistry.”).

In 2013, Dr. James Kunz introduced yet another novel methodological approach and
reached consistent result@inz et al. Use ofReconstituted Waters to Evaluate Effects of Elevated
Major lons Associated with Mountaintop Coal Mining on Freshwater InverteQraegnvtl.
Toxicology & Chemistry 2826 (2013JointEx. 10. The authors of this paper expossdected
freshwateorganisns to mixtures with different ionic strengths in a laboratory in ai@eerform
toxicity testing Particularly of note, the ionic composition of some the reconstituted mixtures
was representative of the ionic composition of central Appalachian waters échjyctlkaline
mine drainage from mountaintop removal and valley fills:

Two of the reconstituted waters had ionic compositions representative of alkaline

mine drainage associated with mountaintop removal and valleynpkcted

streams (Winding Shoals and Boaedir with elevated Mg, Ca, K, SCHCO?),

and a third reconstituted water had an ionic composition repreentative of

neutralized mine drainage (Upper Dempsey, with elevated Na, KaB®HCGS).

The waters with similar conductivites but, withfdient ionic compositions had

different effects on the test organisms. The Winding Shoals and Boardtree
reconstituted waters were consistently toxic to the mussel, the amphipod, and the

mayfly.
Pls.” Ex. 173 at JEO15Z;r. 2 at 137, ECF No. 100 Furthemore, through laboratory analysis,
Kunz et al, identified toxic impacts t@€entroptilum a mayfly, between 800 ang300 uS/cm,;
remarkably consistent with the Benchmark value,092uS/cm derived from statistical analysis

of the WVDEP databasédoint Ex. 17at D-3.
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Next, the scientific literature returns to the authors of EPA’'s Benchmaik, Susan
Cormier and Glenn Suter, and the subsequent publication of sesarpbnentsections of the
Benchmark in theeerreviewedscientific journalEnvironmental Toxicology and Chemistfy
In one of these component articles, Cormier and Suter analyzed six chdrestarisausation:
co-occurrence, preceding causation, interaction, alteration, sufficiencypandrder, finding all
but one strongly supported the causal relationship, with no evidence available for thedmgst
characteristic®> Susan M. Cormier et alAssessing Causation of the Extirpation of Stream
Macroinvertebrates by a Mixture of lor&2 Envtl. Toxicology & Chemistry 277 (2013), Joint Ex.
4. Cormier and Sutdurtherfound that “[t|he conductivity at mined sites is 10 to 50 times greater
than at unmined stiesThe source of increased conductivity is independently corroborated and
consistent.”PIs.” Ex. 173 at JEO083 Relying on multiple lines of evidence, including not only
their own findings in developing the Benchmark, but also based on the collectioseafcte
available in the published literature, Cormier and Suter conducted a formalaaaiyals linking
high conduetivity and extirpation of sensitive macroinvertebrates in central Appalactieams:

Through this assessment, the authors found that a mixture containing the ions

34 SeeCormier et al.Derivation of a Benchmark for Freshwater lonic Strengtipranote 5
Cormier et al. A Method for Assessing Causatjosupra note 5; Cormier et al.,Assessing
Causation of the Extirpation of Stream Macroinvertebrates by a Mixture of dapsanote 5
Cormier et al.Relationship of Land Use and Elevated lonic Strength in Appalachia Watersheds
supranote 5 Cormieret al, A Method for Deriving WateQudity Benchmarks Using Field Data
supranote 5 Suter et aJ.A Method for Assessing the Potential for Confounding Applied to lonic
Strength in Central Appalachian Streammgpranote 5.

% Of note, time order was the only factor that did not strongly suppe causal
relationship. Instead, Cormier and Suter found that they lacked the necesdangeo assess
whether time order supported the causal relationship, and therefore scored tinas praoeiding
“no evidence” either way. Pls. Ex. 173 (explaining that the authors “could not obtain cornguctivi
and biological survey data collected before and after construction of a filill@yrelease of
ion-rich effluents from other sources. Hence, this characteristic of causstgcored as no
evidence’). Though Cormier and Suter were unable to obtain the necessary infortoeassess
the significance of time order in assessing the causal relationship, the heceris replete with
such information and evidence.
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[calcium, magnesium, bicarbonate, and sulfate], as measured by conductivity, is a
common ause of extirpation of aquatic macroinvertebrates in Appalachia where
surface coal mining is prevalent. The mixture of ions is implicated as the cause
rather than any individual constituent of the mixture. The authors also expect that
ionic concentrationsufficient to cause extirpations would occur with a similar salt
mixture containing predominantly [bicarbonate, sulfate, calcium, and magresium

in other regions with naturally low conductivity.

Pls.” Ex. 173 at JEOO80.

Cormier and Suter independently published their confounding factor analysisllas we
Cormier & SuterA Method for Assessing the Potential for Confounding Applied to lonic Strength
in Central Appalachian Stream82(2) Envtl. Toxicology and Chemistry 2830(3), PIs.’Ex.
139. Using a weighof-evidence approacthat analysis considetwelve potential confounders
habitat, organic enrichment, nutrients, deposited sediments, pH, selenium, tempkeiktuoé
headwaters, catchment area, settling ponds, dissolved oxygen, and metals. Pls.” BXQU3lat
By adapting principles of epidemiology to the applied study of multivariate ecaldgld data,
Cormier and Suter examarand methodic#y eliminae each potential confounder. Particularly
of note, Cormier and Suter considered and rejected the idea that embeddednes&seribe pf
upstream ponds confounds the relationship between conductivity and impairment..PIZ3 Bk
JEO094 (“No evidence supported embeddedness as a fadtbrgt JEO096 (“The weight of
evidence for confounding from ponds is uniformly negative, so we conclude that the presenc
ponds has little or no effect on invertebrate response to conductivity.”).

More recently, in2014, Ds. Pond, Margaret Passmore, Kelly Krock, and Jennifer
Fulton—all with the EPA—along with Nancy Pointon, John Felbinger, Craig Walker, and
Whitney Nash—colleagues from the OSMREpublished a peeteviewed scientific article in

Environmental Managemefinding, among other conclusions, that the vast majority of streams

adjacent to reclaimed mine sites with valley fills were still impaired eleven to-thrgg years
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after reclamation. Pond et alLong-Term Impacts on Macroinvertebrates Downstream of
Reclaimed Mountaintop Mining Valley Fills in Central Appalachtd(4) Envtl. Mgmt. 919
(October 2014)PIs.” Ex. 141,Tr. 2 at 129-33(“Although these [valley fills] were constructed
pursuant to permits and regulatory programs that have as their statechgbél$ tmined land be
reclaimed and restored to its original use or a use of higher value, anaif) does not cause or
contribute to violations of water quality standards, we found sustained ecoldgioalge in
headwater streams draining [vall&lls] long after reclamation was completed”). The article
explains thatesearcher§ound that known sensitive taxa such as the maytigisemerellaand
Epeorusand the caddisflfNeophylaxwere found at 100% of the reference sites but were absent
from 12 of 15 (~80%) of the [valley fill] sitesPIs.” Ex. 173 at PE182. As explained by Dr.
Palmer, this most recent article by Dr. Pond and colleagues, based on a nparnadezx, showed
thatthe likely explanation for finding unexpected organismdgh leconductivity waters is that the
organisms are drifting into these areas. Tr. 2 at 130, ECF No. 100.

Furthermore, it is also of note that in selecting reference streams for thisoerdtstudy,
Dr. Pond and his collaborators selected sites with caabf@temperature and habitat regimes to
the mined site®Is.” Ex. 173 at PE182{‘Local reference streams were sighted in close proximity
(range .75 to 10.6m) to pairedvalley fills] . . .and had similar catchment areas, forest types, and
base geolog). That methodological approach had the effect of eliminating temperaiare
habitat scores as potential confounding factels. Ex. 173 at PEL836(“Habitat can be a limiting
factor, but by design, we removed significant habitat degradation famyoselecting sample
reaches with relatively good habitat and intact riparian vegetation at referehpeabey fill]
sites”). The experiment also relied on reference sites that “were natgressi their catchments

frequently had poorly maintained roads and culverts, utility 1ofiways, gas wellsor
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underground mining that did not discharge to the watershed,” thereby further Bhmina
potentially confounding factors. Pl&k. 173 at PE1827

On the basis of this outstanding collection of pesiewed studieghe Court finds that the
link between surface mining and biological impairment of dowastrevaters has been
sufficiently—if not definitively—established in the scigfic literature. “There’s field data.
There’s lab data. Ther®'olservational data. There’s field experimental data. There’s toxicity
testing.” Tr. 2 at 141, ECF No. 100Through myriad lines of evidence, researchers have reached
the same generalausationconclusion, without a single pesviewed publication reportyn
contrary findings. In Dr. Palmer’s expert opinion, there is no remaining doubt on stequ#
general causation, leaving only surprise that researchers are continuudytthe questiond. at
141 (“I would say there’s no doubt. What surprised me is that the studies continue to go on. . . .
because it's been so wastablished.”).

II. Specific Causation

Having met the burden of establishing the general principle that high conduetwalty in
streams, caused by alkaline mine draindgad to mlogical impairment, Plaintiffs’ must next
establish by a preponderance of the evidence that high conductivity levels, cabDsfdrnuant’s
mine discharges, are causing or materially contributing to biological imp#irmghis particular
instance®®

A. Stream Conditions

3¢ SeeSanne H. KnudseiThe LongTerm Tort: In Search of a New Causation Framework
for Natural Resource Damage$09 Nw. U. L. Rev. 475, 532 (Winter 2004) (“In the oil spill
context, proving general causation would require showing that exposure to ojlaislecaf
causing the alleged iny—e.g., disrupting the reproductive capacity of sea otters. Proving
specific causation would require showing that sea otters were exposed to oil icajusde of
causing injury and that the oil came from the defendant’s release.”)
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As introduced above, this case concerns disckdrge three surface mines operated by
Defendant: (1) Fola Surface Mine No. 2, discharging into Road Fork; (2) Fola SurfacélMine
4A, discharging into Right Fork; and (3) Fola Surface Mine No. 6, discharging into CogawHoll
Largely through the testimony of ®rPalmer,Swan, and Menzjethe Court heard detailed
information on the each of the associated streams, spanning from before Defenmiaints
operations began through to current conditions. Factual findings relating-toirpng and
current conditions for each surface mine are provided belds/demonstrated by that evidence,
these streams have endured a pattern of increasing conductivity levels, muceedfsites, and
decining WVSCI scores.

1. Fola Surface Mine No.2 — Road Fork

Fola Surface Mine No. 2 is regulated under WV/NPDES Permit No. WV1013840 and
West Virginia Surface Mining Permit S2012%3ipulation|6-7, ECF No. 53. Three valley fills
at Mine No. 2 drain into Outlet 001, which discharges into Road Farét 113-5, 10.

Prior to Defendant’s mining activities, Road Fork was withmmiablewater quality issues.
Collected in 1992 and 1993, pm@ining samples taken downstream from Outlet 001 and upstream
from the confluence of Road Fork and Leatherwood Cr&lebywed conductivity levels ranging
from 40uS/cm to 73uS/cm and sulfates ranging from 0.@dg/I to 30mg/I. Stipulation, ECF No.
53, PIs.” Ex. 73. In its 1994 Cumulative Hydrologic Impact Assessment (CHIA), WVDEP
observed that “Road Fork does not appear heavily impacted by extensive past minmbaghi
occurred in this area. This is indicated by low medats sulfates that are less than 30 milligrams
per liter.” Pls.” Ex. 118 at PE1209-10.

Since Defendant’s mining activities began, Road Fork water quality has naiéfehed.

Monitoring in 2010 through 2012 at that same discharge point revealed conglei®is ranging
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from 1,803uS/cm to 5,700uS/cm and sulfates ranging from 886g/L to 3,304mg/L. In May
2014, the conductivity level of water discharged from Outlet 001 v@29@S/cm and tle sulfate
level was 1900 mg/L. PIs.” Exs. 2, 3.The following table provided by Dr. Palmer compiles the
data collected at Fola Mine No. 4A discharges, inclu@rnopdtree Branch measuremeatsa

comparison point for water chemistry characteristic of alkaline mine draiSagels.” Ex. 38.

Location pH | Conductivity |Ca |Mg |Na |K CL SO,

Road Fork
Outlet 001 8.28 3290 358| 310 12 n/g 2 419
(11/2006)

Road Fork
BASD-RFI 7.8 3200 385/ 382 11.9 10.7 18/5 18p0
(5/21/2011)

Road Fork
BASD-RFI 7.98 2700 370 356 118 22p n/a 1860
(5/21/2012)

Road Fork
BASD-RFI 8.1 2530 330 320 12.v 19.1 n/a 19170
(5/20/2013)

Road Fork
Outlet 001 7.18 3370 290 300 10 17 ND | 2100
(Hansen 9/9/2014)

Road Fork
BASD-RFI 7.18 3370 3200 292 10.
(Hansen 5/19/2014)

17.7 nfa  16R0

(o))

Boardtree Branch 8 2367 241 | 260 | 12 21 11 1580

Table 4 Water quality data for Mine No. 2 discharges into Road Fork, including data from
Boardtree Branch as a reference point.

Consistent with the observed decline in water quality, the aquatic communagcHark
is biologically impaired. Between 2011 and 2014, Defendant reported WVSCI bebresn 46
and 56 in Road Fork downstream of Outlet Xipulation][17. These scores are well below the
accepted EPA threshold marking impairment at WVSCI scores undesegfElk Run 24
F.Supp.3d at 5546 (discussing reliance on WVSCI scores lower than 68 as an ageriegd

and federally approved marker of biolagligmpairment);see alspsupranote 6. On May 9,
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2014, Dr. Christopher Swan conducted field sampling immediately downstream of Outlet 001.
Based on that sampling effort, Dr. Swan identified a WVSCI score of 39.66 and a G: 184B&

of 20.22 PIs.” Ex.25. Both numbers clearly indicate impairmeseePIs.’ Ex. 173 at JE0O024; Tr.

2 at 8990, 161, ECF No. 100; Tr. 3 at-3&7, June 3, 2015, ECF No. 106. Given these numbers,
it is not at all surprising that WVDEP lists Road Fork and Leatherwood Crelbklagically
impaired due to mining on its 2012 CWA 303(d) List. Joint Ex.T202 at 149, ECF No. 100
Furthermore, WVDEP observed in its Elk River Watershed TMDL that ioricitg is a definite
stressorat Road Fork Joint Ex. 16 at 24/Tr. 2 at 14950 ECF No. 100(“In [Road
Fork/Leatherwood Creek] . . ., the [stressor identification] process deterinme toxicity to be a
significant stressor. A strong presence of sulfates and other dissolved ssl&igx@éhose waters
and in all other streasnwhere ionic toxicity has been determined to be a significant biological
stressor.”).

In addition to conducting water sampling, multiple experts also provided assessients
habitat aRoad Fork. Dr. Swan reported a 163 RBP habitat score in Road P8K.Ex. 31. In
contrast to Dr. Swan’s optimahnge RBP score, Dr. Menzatso conducted or oversaw RBP
assessments. The average RBP score taken by two Exponemestéiiérsn October 2014 was
137.5, orsuboptimal®’ Def.’s Ex. 138. Drs. Swan and Menzie both reported the presence of
metal hydroxides in some stretches of strefma3 at 58, 6469 ECF No. 106; Tr. 4 at 2ECF

No. 107.

37 Whatever critiques one may have of RBP habitat assessment protocol, presaiinably
can agree that the experience and qualifications of the person performingithedssessment
are extremely relevant to determining the reliability of that assessnidrugh he deliberately
deviated from the WVDEP protocol for conducting an RBP habitat assessment, the Coort has
doubt that Dr. Menzie possesses the necessary experience and qualificatiendeto his
assessment reliable. However, the Court heard nothing on the identity, experience, or
qualifications of Exponent staff members that performed RBP habitat assésatrier. Menzie’'s
request. Accordingly, the Court hesitates to rely on such assessments.
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2. Fola Surface Mine No. 4A Right Fork

Fola Surface Mine No. 4A is regulated under WV/NPDES Permit No. WV1013815 and
West Virginia Surface Mining Permit S2005®&ipulation{23-24, 26, ECF No. 53. Plaintiffs
specified three outlets in their complai®Dutlets 22, 23, and 2#each of which discharges into
tributaries ofLeatherwood Creekd. at 112122.

Though there was some gfela mining in the area, Right Fork was unimpaired and in fair
shape prior to Defendant’s mining operations. its 2003 CHIA, the WVDEP observed that
though some uh-watersheds of Right Fork had elevated Manganese and sulfates related to
pre-Fola mining, the upper reaches of the watershed maintained low sulfates.xPI89 &t
PEO574%5. Indicating high water quality, the report further noted that “all [monigjratations
provide adequate habitat and contain populations of benthic macroinvertedlaties.stations
have high EPT indices.” Pls.” Ex. 89 at PE 0578. The majority of pra~ola water samples
showed conductivity levels below the EPA threshold@ff 8S/cm, with some samples deviating
upward as high as 15@@/cm. PIs.” Ex. 44.

Not surprisingly, the relatively good water quality at Right Fork contribtdechimpaired
conditions. In 1997, WVDEP reported an excellent WVSCI score of 84 for RightJont EX.

23 at 68, Tr. 2 at 173, ECF No. 100n 2000 and 2001, Fola’s consultant collected a number of
biological surveys from seventeen different sampling locations. Among-thigg samples
from those seventeen sites, only six returned WVSCI scores beldBtip8lation{22, 2931,

Tr. 2 at 177, ECF No. 100.

Since Defendant’s mining activities began, Right Fork water quality has netatdred.
Though jumps in conductivity had previoudlgenrare, since 2001, conductivity levels in Right

Fork havebeenalmost entirely above,300 uS/cm, now with jumps up to and exceeding@0
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uS/cm. Stipulation{33. Similarly, since 2001, sulfate levels are consistently above 600 mg/l; and
sometimes as high a®200 mg/l.Stipulation33.

Consistent witltonditions in Right Fork itself, in 2011 and 2012, discharges from Outlets
022, 023, and 027 consistently ranged frgg0@ uS/cm to more than 00 uS/cm. Stipulation
132. In May and September 2014, conductivity from the three discharges ranged from 1820 to
2,958uS/cm, with sulfate levels between 920 an8a0 mg/l. Pls.” Ex. 25. The following table
provided by Dr. Palmer compiles the data collected at Fola Mine No. 4A disshancluding
Broadtree Branch measurememts a comparison point for watehemistry characteristic of

alkaline mine drainag&eePIs.” Ex. 49.

Location pH | Conductivity | Ca | Mg |Na | K CL | SO
o | FOLA —6
£ (2001) 7.15 461 34| 25 8 3 3 120
=
K
g FOLA -7
b -
& | (2001) 7.35 367 34| 75 2 3 1 110
BASD3RLW L
(2012) 8.38 1689 265 211 30 16 nfa 1150
o | BASD1RLW \
é (2012) 8.17 1538 202 156 31 14 nla 942
Outlet 022
© D D
S | (Hansen 2014) 7.9 1820 140 120 62 12 32 920
% | Outlet 023 A
g (Hansen 2014) 8.1 2720 280 260 100 16 ND | 1800
Outlet 027
(Hansen 2014) 7.12 2390 220 130 140 14 ND | 1300
g
% Boardtree Branch 8 2367 241 260 12 21 11 1580
(O]
@

Table 5 Water quality data for Mine No. 4A discharges into Right Fork, including data fror
Boardtree Branch as a reference point.
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The noted decline in water quality has been accompanied by a decline in WVE&SI sco
On May 9, 2014, Dr. Christopher Swan conducted field sampling downstream of Outlets 022, 023,
and 027%® Based on that sampling effort, Dr. Swan identified a WVSCI score of 38.21 and a
GLIMPSS score of 25.79. PIs.” Ex. 25; Tr. 2 at 184, ECF No. 1B6th numbers clearly indicate
impairmentand are a far cry from the pF®la mining scores Given these numbers, it is not at all
surprising that WVDEP lists Right Fork and Leatherwood Creek as biologiogligiied due to
mining on its 2012 CWA 303(d) List. Joint Ex. ZDx. 2 at 149, ECF No. 100 Furthermore,
WVDEP observed in its EIk River Watershed TMDL that ionic toxicity levels im&fgrk are a
definite stressorJoint Ex. 16 at 24Tr. 2 at 14950, ECF No. 10Q"In [Right Fork/Leatherwood
Creek] . . ., the [stressor identification] process determined ionic tox@ibeta significant
stressor. A strong presence of sulfates and other dissolved solids exisseiw#ters and in all
other streams where ionic toxicity has been determined to be a significagfidabktressor.”).

With respect to habitat, Dr. Swan calculated an RBP score of 172 at Right Fotkjsihic
the optimal range. Pls.” Ex. 32; Tr. 2 at 185, ECF No. 100e average RBP score taken by two
Exponent staff members in October 2014 was 128, or suboptimal. Def.’s Ex. 138.

3. Fola Surface Mine No. 6 — Cogar Hollow

Fola Surface Mine No. 6 is regulated under WV/NPDES Permit No. WV1018001 and
Wed Virginia Surface Mining Permit S20119%tipulation{ Y4244, ECF No. 53. Three valley
fills at Mine No. 6 drain into Outlets 013, 015, and 017, to be discharged to Cogar Hollow, a
tributary of Leatherwood CreeBtipulation{§46-41; Tr. 2 at 187-8&CF No. 100

Before Defendant’s mining activities began, Cogar Hollow enjoyed healksr quality.

% As will be discussed in greater detail below, Bwan’s sampling area was not
immediately downstream @utlets022, 023, and 027 and did not isolate the impacts of these
three discharge outlets. Instead, Dr. Swan’s sampling area accountednianysas twelve
additional outlets.
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Measured at monitoring point 93, conductivity levels were usually well below 308/cm.
Stipulation 145. Sulfate levels were similarly lowd. As it did with other Leatherwood
Tributaries, here WVDEP again noted that “all [monitoring] stations prowddguate habitat and
contain populations of benthic macroinvertebragédisthe stationshave high EPT indices.” PIs.’
Ex. 89 at PE 0577-78.

Since Defedant’s mining activities began, Cogar Hollow water quality tiasinished
considerablyincluding extremely elevated conductivity and sulfate levels. Measuremagen
since July 2012 consistently reveal conductivity levels ranging frO803S/cm to 5000uS/cm.
Stipulation 47; Tr. 2 at 19492 ECF No. 100 In May 2014, conductivity from the three
discharges ranged from@0uS/cm to 3,202uS/cm and the sulfate level was9D0 mg/l to 2400
mg/l. Pls.” Ex. 23, 5. The following table provided by DRalmer compiles the data collected at
Fola Mine No. 4A discharges, includii8foadtree Branch measuremeassa comparison point

for water chemistry characteristic of alkaline mine drainage. PIs.” Ex. 57.

Location pH | Conductivity |Ca |Mg |Na |K CL SO,
?g'l:‘ls 2N(;)d76) Outlets 6.03 3420 486| 254 9| nig 1| 1912
?g'l:‘r?e'\éo Z%le;“et 013 | 752 n/a na| 448 n/a nida 893 2786
(MJil?r?el\g,). Z%le;tlet 015 1 7.09 n/a nfa| nia n/d nid 7.98 2018
'(\l’\'/'lr;? e So(flz’)ﬂet 017 | 653 n/a na| 284 nig  nla 1024 2183
('\ﬂ;gﬁs'i‘r’] 2(50(13“1’)“& 013 1 773| 4200 | 360/ 400 63 20 ND | 2700
Boardtree Branch 8 2367 241 | 260 | 12 21 11 1580

Table 6: Water quality data for Mine No. 6 discharges into Cogar Hollow, including data fr
Boardtree Branch as a reference point.

On May 9, 2014, Dr. Christopher Swan conducted field sampling immediately

downstream of Outlets 013, 015 and 017. Based on that sampling effort, Dr. Swédieddant
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WVSCI score of 41.81 and a GLIMPSS score of 20.03. PIs.” Ex. 25; Tr. 2 at 194, ECBQNo. 1
Both numbers clearly indicate impairmentDr. Swan further conducted a RBP habitat
assessment, scoring the stream at 145, or suboptimal. Pls.” Ex. 30; Tr. 3 at 44, ECF.No. 106
Similarly, the average RBP score taken by two Exponent staff membé&stober 204 was
138.5, again, suboptimal. Def.’s Ex. 138.

On the basis of the foregoing s&pecific evidence, the CoUftNDS by a preponderance
of the evidence that Road Fork, Right Fork, and Cogar Hollow are biologically imhpaire

B. Legal Standard

The Court must find a violation here if Defendant's discharges cause or materially
contribute to a significant adverse impact to the chemical or biological comparfeatjuatic
ecosystems. W. Va. Code R. §2-8.2.i. Through requiring that a discharge “sawor materially
contribute” to biological impairment, West Virginia law imposes something lesgestitirthan
traditional butfor causation. Unfortunately, availablestatelaw does not elaborate on what
precisely that standard means as applied.

This Court has previously ruled that “[i]t is readily conceivable that multiple @witstor
stream characteristics might simultaneously materially contribute to impairment; jplachféf]
need only provide evidence showing it is more probable than not that ionic pollution asedeas
by conductivity is among some collection of material contributdfsla (Stillhouse)2015 WL
362643, at *8. This approach to “material contribution” is consistent with the Ninth Circuit’s
explanation that “material contribah” suggests that “more than one factor can be a substantial
cause, and no single factor need be the sole causative elefmgatl’ay, Inc. v. Local Union No.
137, 623 F.2d 1354, 1363 (9th Cir. 1988)cord Feather v. United Mine Works of Ameri&03

F.2d 961, 967 (3rd Cir. 1990).
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This Court’s interpretation of thematerial contributionstandard flow from the
observation that, “as a matter of plain meaning and common sense, it is possiblefioadeactior
that is materially contributing ta given condition without conclusively eliminating contributions
by additional factors in a dynamic systerRdla (Stillhouse)2015 WL 362643, at *9.Similarly,
in the context of environmental litigation, it is reasonable to expect that biological cotesu
may besimultaneouslympaired byariedandmultiple pollutants. Liability cannot be skirted by
the mere presence of multiple stressors, lest we enable the simple nature a¢acstems to
invariably frustrate the Clean Water Act.

While something less than traditional ¥at causation isequired Defendant argues that,
if the word “material” is to have any import, “material contribution” must amount to thamge
more than a contributing factor test. Def.’s Pbsal Brief, ECF No. 116 aR7 (citing Artz v.
Chicago, R.l. & P.R. Cp.38 lowa 293, 2987 (lowa 1874))But seeCoeur D’Alene Tribe v.
Asarco Inc, No. CV910342NEJL, 2001 WL 34139603, at *4 (D. Idaho March 30, 2001)
(considering liability for comingled pollutants under a contributing fa@st, the court observed
that “[plaintiffs] have the burden of proving a release that results in commingkaddbas
substances is a ‘contributing factor’ [more than a de minimum ardordn extent that at least
some of the injury would haveccurred if only the Defendant's amount of release had
occurred].”) cf. Sanne H. KnudsenThe LongTerm Tort: In Search of a New Causation
Framework for Natural Resource Damage)9 Nw. U. L. Rev. 475, 532 (Winter 2004)
(explaining that the “[contributing factor] doctrine appears suited to handle proldéms
synergistic harms?”) As argued by Defendant, “even if the conductivity [here] were fully treated
it is unclear what the resulting stream score would be given the othesfatiesue.ld. at 28.

This framing reflects dundamental misunderstandingObtaining a WVNPDES permit to
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discharge into a given waterway does not transmute a permiteeeguerantothat the receiving
streamhas orwill maintain a passing WVSCI score. More modesguance of the permit
requiresthat a permitee not cause or materially contribute to impairnteshbes notrequireor
guarantee nonimpairment generally

Thus, the Court continues to require that Plaintiffs demonstrate that it is notab|er
than not that ionic pollution, measured as conductivity, is among some collection oaimate
contributors to biological impairment. Conductivity levels in the streams at issdenot be the
sole cause of observed biological impairment, but must be a substamitabutor. This
standard does not require scientific certainty,rhattierlegal probability.Fola (Stillhouse) 2015
WL 362643, at *17guoting Ferebee v. Co736 F.2d 1529, 1536 (D.C. Cir. 1988ynting v.
Secretary of Health & Human Servic®@81 F.2d 867, 873 (Fed. Cir. 1991).

C. Specific Causation Analysis

1. Defendant’s Motion for a Directed Verdict regarding Fola Surface Mine No. 4A

At the close of Plaintiffs’ case in chief, Defendant moved for a directelict@s to claims
involving Fola Surface Mine No. 4A, covered by WV/NPDES Permit No. WV1013815. Tr. 3 at
202 ECF No. 106 Defendant argues that it is entitled to a directed verdict regarding Féda&ur
Mine No. 4A because Plaintiffs’ compliance evidence does not isolate the effdmdisharges
from Outlets 022, 023, and 02d. Outlets 022 and 023 at Mine No. 4A discharge into Right
Fork, a tributary of Leatherwood Creek. Outlet 027 at Mine No. 4A dischertgeSannel Coal
Hollow, a small tributary of Leatherwood Creek. Plaintif€®&nsultant conducted biological
sampling to determine a WVSCI score for Right Fork at a stream reach bel@arntuence of
Cannel Coal Hollow. In addition to Outlets 022, 023, and 027, some twelve additional outlets

discharge into Right Fork or Cannébal Hollow upstream of Plaintiff¢ompliancesampling
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location. As a result, Plaintiffs’ sampling does not isolate the effedisgharges only from
Outlets 022, 023, and 027. Tr. 2 at 199, ECF No. (i€@timony of Dr. Palmer, agreeing that
sampling dd not isolate the effects of discharges only from Outlets 022, 023, and 027).

In answer to Defendant’s oral motion, Plaintiffs maintained that, under aiahater
contribution standard, they presented sufficient evidence to show that high conductohtygés
from the three outle@rematerially contributing to the impairment observed downstream in Right
Fork. Tr. 3 at 203, ECF No. 106Plaintiffs report that the combined flow from Outlets 022, 023,
and 027 is approximately 480420 gallons per minute, or roughly 576,000 to 604,800 gallons per
day. In April 2012, WVDEP reported that the total flow at the mouth of Right Fork is
approximately7.49 cubic feet per second, or roughly 4.5 million gallons per day. Def.’s Ex. 198 at
FOLA#4A000986. Rsailing onthose flow estimates, Plaingftalculate that Outlets 022, 023,
and 027 contribute oneighth or more of the total Right Fork flow. As reasoned by Plaintiffs,
though their compliance sampling did not isolate the effects of Outlets 022, 023, and 027, a
one-<eighth contribution to the total flow is sufficient to meet the material contributionastand

The Court disagrees. While “material contribution” does not require evidence that
single stressor independently causes impairméntust require sontking more than what
Plaintiffs have demonstrated her&irst, the flow evidence offered by Plaintiffs is thin at best. It
does not account for seasonal variations or for the variability of inputs from raiMalteover,
the Court heard no expert testimony to suggest that the some 600,000 gallons peirt@afraom
the three outlets at issue materially contributes to impairment observedtdamsfter the
introduction of nearly four million additional gallons from sources unknown, but includingsat le
twelve other discharge outleteeach of which is a potential source of ionic pollutiowithout

supporting scientific testimony, the Court cannot connect the discharges abidsiarea where
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Plaintiffs perforned compliance sampling. Doing so would be little more than-swentific
speculation. Thus, the Court cannot conclude that Plaintiffs have demonstratedtléist 022,
023, and 027 are materially contributing to downstream impairment.

Accordingly, the CourfINDS that Plaintiffs have rtomet their burden of proving that
discharges from Outlets 022, 023, and 027 cause or materially contribute to biologaiatient
of Right Fork, and Defendant is therefore entitled to judgment as a mater iigarding alleged
violations of WV/NPDES Permit No. WV1013815, governing Fola Surface Mine No. 4A.

2. Liability with respect to Fola Surface Mine No. 2 and No. 6.

Having found that both Road Fork and Cogar Hollow are biologically impaired, the Court
finally turns to the question of whether Plaintiffs’ have met their burdestabkshing that high
conductivity discharges from Defendant's Mine No. 2 and Mine No. 6 cause or fhhateria
contribute to impairment.

Plaintiffs have sufficiently demonstrated that the discharges in question dieare
chaacteristic ionic composition identified and analyzed by the EPA in itsBeak. Dr.
Palmer testified that the ionic composition of the discharges matches the cisi@ctaic
composition associated with alkaline mine drainage in the region (eligtes, bicarbonates,
calcium, and magnesiynttipulationf 118, 36, 38, 48; Pls.” Exs. 38, 49, 57; Tr. 2 at 93;-236
181-84, and 19293 ECF No. 100 To demonstrate the similarity, Dr. Palmer compared water
guality measurements at each dischaogélet to the composition of reconstituted watesm
Boardtree Branch-recognized agepresentingthe particular ionic composition of regional
alkaline mine drainag&ee gpraTables 4 5, and6; Kunz et al. Use ofReconstitutedVaters to
Evaluate Effect of Elevated Major lons Associated with Mountaintop Coal Mining on Freshwat

Invertebrates 32 Envtl. Toxicology & Chemistry 2826 (2013), Joint Ex. 1Qesting the
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characteristically composed water, Kunz et al., reported adetfests to the mayflysonychiaat
conductivity levels of 109QS/cm—well below the conductivity levels at issue here.

Additionally, Plaintiffs have unequivocally demonstrated that the conductivity levels at
issue here are sufficiently high to cause the obsempdirment. Discharges from Fola Surface
Mine No. 2 and No. 6 consistentiynd grosslyexceed the threshold identified by EPA at which it
becomes more likely than not that a stream will suffer biological impairrBeeiMancuso v.
Consolidated Edison Co. of New York, Jné6 F.Supp. 391, 403 (S.D.N.Y. 1999) (“A
fundamental tenet of toxicology is that the ‘dose makes the poison’ and tha¢raical agents,
including water, are harmful if consumed in large quantities, while even thearessibstances
are harmless in minute quantitiesaff’'d in part, vacated in part, 216 F.3d 1072 (2nd Cir. 2000)
Here, Defendant’s discharges are consistently in the rang@QtfiS/cm to 3,000uS/cm, and are
sometimes as high ad00uS/cm to 5000uS/cm. Pls.” Ex. 37, 45, 55; Tr. 2 at 1556, 178, 191
ECF No. 100 Those conductivity levels are several times the threshold identifiad lexpert
federal agencyas well asthresholds independently researched and reported inrrgpaewed
scientific journals®

Sampling at Road Fork and Cogar Hollow revealed changes in the macroinvertebrate
community that are consistent with impairmeatusedby high conductivity levels. Multiple
peerreviewed scientific articles report finding that high conductivity assed with alkaline
mine drainage leads to the extirpation of mayflies. Pls.” Ex. 173 at PE1536, JEOD282PE.

2 at 10507, 137, ECF No. 100. Here, consistent with those reported findings, sampling revealed

the complete extirpation of mayflie$r. 3 at 16264, ECF No. 106noting that the complete

% Though not required for a finding of violation, the Court notes that the evidence
presented is arguably sufficient to establish that though conductivity may rinat be@lé driver of
impairment here, conductivity levels such as these are likely capablesaigampairmenéven
standing alone.
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extirpation of mayflies—organisms known to be particularly sensitive to conductivit/strong
evidence that conductivity is driving impairmenipint Ex. 1 (“The clear patterns linking high
conductivily to a loss of mayfly taxa has ecosystetale importance since mayflies often account
for 25-50 percent of total macroinvertebrate abundance in thedesistbed Central Appalachian
streams.”)

On the basis of the evidence presented, the GoNBS that Plaintiffs have demonstrated
the following by a preponderance of the evidence: (1) Road Fork and Cogar Hollow are
biologically impaired, as measured by WVSCI scores below the federallgvagabthreshold
score of 68; (2) the discharges complainedhafre the same characteristic composition presently
known in the scientific community to cause or materially contribute to impatrmecentral
Appalachian streams; (3) the conductivity levels observed at Defendasttsadjes are far in
excess of the tiesholds identified by the EPA atitk available scientific literatukenownto cause
stress to aquatic communities; (4) Defendant’s mining operations are ther@hlyskathat could
have caused impairment; and (5) changes in the biological community partichtasiylee loss
of conductivityintolerant organiss Thus, the CourEINDS that high conductivity discharges
from Fola Surface Mine No. 2 and No. 6 are causing or materially contributing baotbgical
impairment of Road Fork and Cogar Hollow in violation of Defendant’'s cuMNWNPDES
permits.

These findings are consistent with WVDEP’s determination that ionic toxicity is a
“significant stressor” in both Road Fork and Right Fork. Joint Ex. 16 at JEO578 (“A strong
presence of sulfates and other dissolved solids exists in those waters and in stitedhes where

ionic toxicity has been determined to be a significant biological stressor.”
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Moreover,thesefindings are consistent with the testimony of Dr. Menzie, Defendant’s
only expert testifing on specific causation. Dr. Menzie offered consistent and repeated
testimony that conductivity is one among a small collection of substantial causesaofer.

Tr. 3 at 240, ECF No. 108[Conductivity is] going to play some role.”); Tr. 4 at 1@ECF No.
107 (*I include conductivity as a stressor along with that”); Tr. 4 at 76, ECF No.(liHding
precipitates, temperature, and conductivity as the drivers of impairment aedtleerwood
tributaries); Tr. 4 at 9800 ECF No. 107(explaining thatconductivity is one of the factors
causing impairment, but adding that he did not think it possible to allocate contribution more
precisely). Though inconsistent with all other scientific evidence addressiesholds Dr.
Menzie further maintained thapinion that conductivity levels in the range of 1,0(00cm to
3,000uS/cm are capable of independently influencing WVSCI scores. Tr18@ECF No. 107
Even assuming Dr. Menzie’s idiomatic thresholaasrect despite all evidence to the contrary,
this case concerns discharges with conductivity levels in that range and well abous,
WVDEP and all testifying experts in this case share the opinion that conduoctivéls lare
causing omaterially contributing to biological impairment.

3. Defendants Rebuttal Arguments

Defendant advances a variety of arguments designed to defeat Plaintiffg’dhspecific
causation. These arguments question the reliability and credibility oftifdaiexperts, the
adequacy of Plaintiff's causation evidence, and the possibilaiterhative drivers of impairment.
Notwithstanding the fact that experts for both parties agree that condulengty are materially
contributing to the observed biological impairment of Road Fork and Cogar Hollow, counsel
continues to piecemeal attalaintiffs’ evidence on specific causation.

As stated by Defendant, with regard to specific causation, “[d]etergwwinich factors are
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material is the stuff of scientific investigation, not assumption.” ECF No. 116 &8, Plaintiffs’
experts, Defedant's expert, and the WVDEP all agree: high conductivity is materially
contributing to biological impairment at Road Fork and Cogar Hollow. The Colrhaeti
displace these expert opinions based on independent scientific investigation iroffdagr
assumptions. Accordingly, the Court declines to delve further into counsetisneebased
argumentsteaving only Defendant’s legal argument regarding the adequacy of noticewtiglot
liability.

Contrary to Defendant’s assertion, in 2008, when Defendant’s permits wernkased,
Defendant had notice of potential liability should it cause or contribute to bialogipairment.
Defendant’s permits incorporate §-3@-5.1.f., an unambiguous permit condition imposing
liability should a permitee violate West Virginia’s narrative water quality statsdSee OVEC v.

Elk Run 2014 WL 29562, at *10. At the earliest, permittees have had notice opetenttial
liability since the predecessor to §30-5.1.1. first became effective in 1985, or at the latest, upon
original issuance or renewal of a particular peridit.

Not only did Defendant therefore have notice of potential liability providetiarptain
language of its permits and each subsefitessuancehut at the time of reissuancBgefendant
further had the benefit ofdentific literature demonstratinghe harmful effects of high
conductivity. As reviewed above, in a 2003 Programmatic Environmental Impact Statement on
Mountaintop Mining/Valley Fills in Appalachia, the EPA reported a known asgatibétween

increases in conductivity and coincident downstream biological impairfieithe EPA’s

0 Commenters on the draft EIS included several representatives for the \\gstaVir
Coal Association, as well as representatives on behalf of the Kentucky Coalatiss and Ohio
Coal Association. EPA, Public Comment Compendiunouiaintop Mining/Valley Fills in
Appalachia Final Programmatic Environmental Impact Statement, Vol. 1 (O&). @3ailable at:
http://www.epa.gov/region3/mtntop/documents.htm#cd).
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Environmental Impact Statement was followsd additionalpublications in the peaeviewed
scientific literature well before Defendant’'s 2008 permit reissuase®e supraSection II.C.

Accordingly, the Court concludes that Defendant had the benefit of adequate notice.

V. CONCLUSION

In sum, the CourFINDS that Plaintiffs have established, by apgmederance of the
evidence, that the Defendant has committed at least one violation of its geriise No. 2 and
Mine No. 6by discharging int®Road Fork and Cogar Hollokigh levels of ionic pollution, which
have caused or materially contributed tcsignificant adverse impact to the chemical and
biological components of the applicable streams’ aquatic ecosystem, inoviaéthe narrative
water quality standards that are incorporated into those permits.

The CourDIRECTS the Clerk to send a copy of this written Opinion and Order to counsel

of record and any unrepresented parties.

ENTER: August 12, 2015

ROBERT C. CHAMBERS, CHIEF JUDGE

Given the prevalence of such commenters, it is difficult to imagirteFbla could have
remained uninformed of the EPA’s draft EIS. To the contrary, it more likglgesis regional,
industrywide awareness.
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