ACID MINE DRAINAGE ABATEMENT AND TREATMENT (AMDAT) PLAN FOR
THE MIDDLE BASIN OF THE RACCOON CREEK WATERSHED

by
Chip Rice
Liza Flemming
J. B. Hoy
Ohio University, Institute for Local Government Administration and Rural Development

Mitchell Farley
Ohio Department of Natural Resources, Division of Mineral Resources Management

Ed Rankin

Center for Applied Bioassessment and Biocriteria
Scott O’ Dee

Tony Minamyer
Midwest Biodiversity Institute

September 2003



TABLE OF CONTENTS

N 1= 1= o O STR 6
Y= g0 L3P 6
Identification of HydrologiC UNit ...........coiiiieieiieiee e 9
AMD Effects on Water Quality and Biological RESOUICES........ccccceeveeereeneenee e eee e 9
Watershed DESCIIPLION .....ccueeciiieeecie ettt st st a et e esresreenesreennentenreas 9
BEOrOCK GEOIOGY .....cueeueeieeiiriesiesiest ettt 10
YT TT T 1 o Y 10
Hydrogeology And ACid Mine DraiNage.........cceceeveieeieesii e 11
Historical Water QUEIITY ........ccueiriiiriirieieee st 13
Target AIKalNITY LOVEIS. ..ot 18
Current Mainstem Water QUEAIILY .......cceecuveiiiiieree s e e e 19
Mainstem Of RACCOON CrEEK ..........uviriiiieieieirese sttt 19
Significant Tributaries to RACCOON Creek ..........ccoiiriririseieeeeeees e 22
SUD-WELEISNEAS........eeeeee ettt st e e st s be et e b sae et e sne e 26
BT FOTK .ttt bbbt 26

T o (1 30

00 00 ] 1 (1 o 42

2T o] FoTe Lo o = { o S 49
Biological Health ASSESSIMENL........cccuiiiirieieieeeee e 50
Summary of Middle Basin Biological Assessment, 2002..........ccocooerereierieneneneseneenas 53
0] 10 = o I 1= o S 57
Treatment SElCtioN AN COSE.......cuviiiririiee s 57
Benefits and Cost EffECtIVENESS.........oov et 60
FUNAiNG OPPOITUNITIES.......ceieeiie et e e e e s et nre e s re e sreesneesnneeneeenees 62
L1011V o 0Tl o] 1 oo RS 65
Pre-ConStruCtion MONITOMNG ........eiviruereeieeeerie st n e enes 65
POSt-CONSEFUCETON MONITOIING .....eeeeieeeeeie et sae e enee e e 65
Long-term watershed MONITOriNG ........ccoveieeiieriie e 65
LT 1= 107 TSRS 65
SECHION 2 AttACHIMENTS.......eceeee ettt sttt e e et e aesae e e e sneeneeeeeean 68



Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure5:
Figure 6:
Figure 7:
Figure 8:
Figure 9:

Figure 10:
Figure 11.
Figure 12
Figure 13:
Figure 14:
Figure 15:
Figure 16:
Figure 17:
Figure 18:
Figure 19:
Figure 20:
Figure 21.
Figure 22:

LIST OF FIGURES

Raccoon Creek Historical Water Quality Data, 1974-1983
Raccoon Creek Mainstem Conditions, 1983

Raccoon Creek Mainstem Conditions, July 1996

Raccoon Creek Mainstem Conditions, May 1997

Raccoon Creek Mainstem Conditions, April 2002 (623.6 cfs)
Raccoon Creek Mainstem Conditions, April 2002 (237.8 cfs)
Raccoon Creek Mainstem Conditions, August 2002

Net Load Contributions to Raccoon Creek, April 2002 (626.3 cfs)
Net Load Contributions to Raccoon Creek, April 2002 (237.8 cfs)
Net Load Contributions to Raccoon Creek Mainstem, August 2002
Elk Fork Loads to Raccoon Creek Mainstem

Net Conditionsin Elk Fork, March 2002

Net Conditionsin Elk Fork, September 2002

Pierce Run Loads to Raccoon Creek Mainstem

Net Conditionsin Pierce Run, May 1, 2002

Net Conditionsin Pierce Run, May 22, 2002

Net Conditions in Pierce Run, June 2002

Net Conditionsin Pierce Run, August 2002

Rockcamp Run Loads to Raccoon Creek Mainstem

Rockcamp Run Acid Loads, May 15, 2002

Rockcamp Run Acid Loads, May 29, 2002

Rockcamp Run Acid Loads, August 2002

14
15
17
18
20
21
22
23
24
25
27
28
29
31
32
33
34
35
42
43

45



LIST OF TABLES

Table 1: Sections and Sub-watersheds, Raccoon Creek Middle Basin

Table 2: Overview of Water Quality Conditions, Raccoon Creek Middle Basin
Table 3: Pierce Run Water Quality Data, March 2003

Table 4: Oreton Hollow Seep Water Quality Data, 2002

Table 5: Oreton Hollow Seep Water Quality Data, 2003

Table 6: PRO015 Water Quality Data, 2003

Table 7: PR0O016 Water Quality Data, 2003

Table 8: PRO017 Water Quality Data, 2003

Table 9: Variation in pH along the Raccoon Creek Mainstem, Middle Basin
Table 10: MSSR0034 Water Quality Data, 2003

Table 11: MSSR0039 Water Quality Data, 2003

Table 12: Biological Responses to Habitat Impairment and Degradation

Table 13: Ecoregion Biocriteria, Western Allegheny Plateau

Table 14: AMD-impaired sites, Raccoon Creek Mainstem (fish assessment)
Table 15: AMD-impaired sites, Raccoon Creek Mainstem (macros assessment)
Table 16: AMD-impaired sites, Pierce Run

Table 17: Treatment Selection and Costs for Priority Sites

Table 18: Cost-effectiveness of Priority Site Treatments

16
36
37
38
40
40
41
46
47
48
50
51
54

55
59
61



LIST OF MAPSIN BACK POCKET

MAP ONE: Long-term sites sampled for USGS Water Resources Report 85-4060

MAP TWO: Sites sampled during November 1983 for USGS Water Resources Report 85-4060
MAP THREE: Water Quality Assessment of the Raccoon Creek Basin, 1996-1997

MAP FOUR: Middle Basin Sub-Basins Delineated

MAP FIVE: Net Concentration Conditions on the Mainstem of Raccoon Creek

MAP SIX: Sampling Locations for the Discharge of the Major Tributaries

MAP SEVEN: Elk Fork Sub-Watershed

MAP EIGHT: Pierce Run and Rockcamp Run (plus M SSR0039)



SECTION 1 AMD ABATEMENT AND TREATMENT PLAN

ABSTRACT
The Raccoon Creek Middle Basin study includes all areathat drainsinto the mainstem

from River Mile 80.6 to river Mile 37.5. This report assesses 184 square miles of drainage area,
encompassing two major sub-watersheds and several smaller tributaries. The basin extends into
Athens, Hocking and Vinton Counties. According to several published studies, including two
USGS reports and a 1996 report by the Raccoon Creek Project Partners, Acid Mine Drainage
(AMD) isthe leading source of impairment and aquatic habitat degradation in the Middle Basin.
Pierce Run is consistently identified in these studies as a significant source of AMD. Previous
biological assessment of the Middle Basin in 1981 and 1995 identified AMD-related impairments
in Strongs Run, Rockcamp Run, and Pierce Run, and indicated that these streams were in partial-
or non-attainment of the Warmwater Habitat (WWH) biocriteria.

The Middle Basin Acid Mine Drainage Abatement and Treatment (AMDAT) Plan
supports these findings, and identifies prioritized projects in the Pierce Run and Rockcamp Run
sub-watersheds. It is hoped that the completion of reclamation and the application of abatement
strategies at the identified locations will lead to significant and immediate response of the
biologic resources and overal health of the stream. This plan attempts to reach this goal by
applying strategies that provide the appropriate level of technology and are cost effective.

Project costs for the plan total $1,000,109 including design, construction, post
construction monitoring and maintenance. The cost for the individual AMD abatement projects
are; Oreton Hollow Seep (PR00135) $418,702, Tributary PR0O015 Highwall Seep (PRO015)
$319,425, Hawks Mine (M SSR0034) $223,684, and Railroad Seep (M SSR0039) $19,548. There
isone small conventional reclamation project included in the restoration strategy. The Hawk
Station Surface Mine will cost $18,750 to reclaim. The small area of just under two acres did not
have a quantified effect on Raccoon Creek but the area, which is adjacent to the mainstem,

includes 140 feet of unstable stream bank consisting of coal refuse and mine spoils.

METHODS

The study areais broken down into three primary sub-watersheds and four mainstem
sections.  Sampling sites are named according to their location within a defined sub-watershed or
mainstem section (Figure 1). The section of the mainstem stretching from the beginning of the

study area at the US Route 50 Bridge over the mainstem (boundary of Raccoon Creek



Headwaters) to immediately upstream of the confluence with Elk Fork is designated as the
Mainstem to Elk Fork (MSEF). There are no large individual tributariesin this section. Elk
Fork, with its mgjor tributaries Wolf Run and Puncheon Fork, is designated as EF. The mainstem
section below the confluence of Elk Fork to upstream of the confluence of Pierce Runis
designated as the Mainstem to Pierce Run (MSPR). The Pierce Run sub-watershed is designated
as PR. The mainstem section below Pierce Run to upstream of the confluence with Strongs Run
is designated Mainstem to Strongs Run (MSSR). This section contains the Rockcamp Run sub-
watershed discharging to the mainstem at river mile 60. Strongs Run is designated SR, and the
final mainstem section that runs from below the discharge of Strongs Run to just upstream of the

confluence with Little Raccoon Creek is designated as Mainstem to Little Raccoon (MSLR).

Table1l: Primary Sectionsand Subwatershedsin the Raccoon Creek Middle Basin

Stream Section Sample Site Designation River Reach in River Miles
Mainstem to Elk Fork MSEF RM 83 to RM 68

Elk Fork EF Discharges at RM 68
Mainstem to Pierce Run MSPR RM 64 to RM 64

Pierce Run PR Discharges at RM 64
Mainstem to Strongs Run MSSR RM 64 to RM 43

Strongs Run SR Discharges at RM 43
Mainstem to Little Raccoon MSLR RM 43 to RM 37

A three-phased approach was used to prioritize pollution sources based on net acidity and metal
loads. A Hanna Combination pH Specific Conductivity meter was used to measure pH and
specific conductance, in order to determine a stream’ s likelihood of discharging water with acid
mine drainage characteristics. The meter was calibrated using a two-point calibration method
each day it wasin use.

During Phase I, 175 field pH readings were collected on the tributaries to the Raccoon
Creek mainstem to determine if they exhibited AMD characteristics. If a stream did exhibit low
pH at the discharge to Raccoon Creek, the stream was further screened for other field parameters.
AMD-identified sites were reviewed for proximity to known mining areas on the Ohio
Department of Natural Resources (ODNR) abandoned underground mine maps and the USGS
guadrangles for known surface mines.

Phase Il analysisinvolved characterizing the tributaries to the mainstem, identified during
Phase I, exhibiting AMD characteristics. AMD tributaries identified and studied during phase 11
included Pierce Run and Rockcamp Run. Elk Fork, the largest tributary to the mainstem in the
study area, did not appear to be an AMD contributor although it was also further assessed during

Phase Il. Because of the size of the Elk Fork sub-basin, field investigators felt it was necessary to




assess the basin to determine if Elk Fork’s mainstem was being degraded by AMD. Water
guality samples and flow measurements were collected during high and low flow regimes in these
tributaries. The waters discharging from Strongs Run to Raccoon Creek were also sampled
during high and low flow regimes.

The purpose of phase |11 was to identify and characterize AMD point sourcesin the
tributaries studied during Phases | and Il. A qualitative description was prepared for each point
source and water samples and discharge measurements were collected. Point source identification
was possible in Pierce Run and Rockcamp Run

Samples were collected in either a bucket and split into two bottles, or directly from the
stream in appropriate |ocations. Samples were placed in either a bottle or cubitainer. The 250 ml
bottle was acidified with 5 ml of 20% HCI solution; the other container was a cubitainer with the
air squeezed out of the headspace. Samples were not filtered. Samples were analyzed at
ODNR’s Cambridge lab. Parameters measured were the ODNR Group | suite (pH, total acidity
as CaCO;, total akalinity, specific conductance, total suspended solids, sulfate, total iron, total
manganese, total aluminum, hardness and total dissolved solids). Group | is sufficient to
prioritize sources based on acidity and metal |oads.

Discharge was measured during each sampling event in order to calculate loading
(concentration* discharge) using methods appropriate to flow volume. For large flow volumes a
pygmy meter was used. The meter was calibrated daily. For moderate discharges a collapsible
cutthroat Baski flume was used. Flume throat size (4” or 8") was selected in order to keep the
stage in the flume between 0.2 and 0.5 feet. For small discharges, the flow was dammed and
piped into alength of PV C to capture with a bucket; a stopwatch was then used to measure filling
time. Samples were packed iniceimmediately to limit reactions and shipped to arrive at the lab
on adaily basis. It was not possible to calculate accurate flow measurement at most sampling
locations in the mainstem. For this reason the mainstem was assessed using the net value of the
acidity and alkalinity concentration.

Loading is calculated as the product of discharge with acidity, alkalinity or metal
concentration and is expressed in Ib/day for treatment considerations. In this report, metal loading

isthe sum of the individual loads of the three Group | metals, iron, manganese and a uminum.



I dentification of Hydrologic Unit

Name: Raccoon Creek Middle Basin Watershed

Tributary To: Ohio River Basin

L ocation: Athens, Vinton Meigs, and Gallia Counties

Quadrangles: Allensville, Zaleski, Albany, Hamden, McArthur, Mineral, Mulga, Vales
Mills, Wilkesville, Rio Grande, Vinton

Drainage: 184 square miles

AMD Effectson Water Quality and Biological Resour ces

Watershed Description

In the Raccoon Creek watershed, acid mine drainage (AMD) from abandoned
underground and surface coal mines has severely degraded water quality and reduced the
diversity and abundance of fish and macroinvertebrate populations. The entire Raccoon Creek
basin drains 683.5 square miles of the Western Allegheny Plateau Ecoregion in southeastern
Ohio. The portion of the watershed of interest for this project begins at the bridge for US 50 over
the mainstem (RM 80.6) to just upstream of the Little Raccoon Creek discharge (RM 37.5). The
two major tributaries in this portion of the watershed are Elk Fork (59.9 square miles) and
Strongs Run (17.4 square miles); two minor subsheds of note are Pierce Run (12.7 square miles)
and Rockcamp Run (2.9 square miles) The entire reach of Raccoon Creek is 111.9 mileslong.
This report assesses 43.1 miles of the mainstem and 184 square miles of drainage area.

The average annual temperature in the areawas 53°F between 1931-1980, with an annual
average precipitation of 40-41 inches per year (Harstine, 1991). The topography of the watershed
istypical of the unglaciated Appalachian Plateau physiographic province. The terrain consists of
steep hillsides combined with narrow valleys and highly erodible soils. Rock outcrops and
overhangs are common elements of the topography. The elevation ranges from 1,015 feet above
sealevel at the source of Brushy Fork to 518 feet above sealevel at the mouth. The average fall
of theriver is 3.8 feet per mile (Krolczyk, 1954).

Seventy to seventy-five percent of the entire Raccoon Creek watershed is forested. The
remaining land is cropland (four percent), pastureland (15 percent), urban land (four percent),
active or past mined land (10 percent), or other uses (one percent). The headwaters area has seen
little agricultural activity due to the steep topography. The major sources of employment in this

sparsely populated watershed are manufacturing and professional services.
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Bedrock Geology

The strata exposed in eastern Athens County and western Vinton County belong to the
Pennsylvanian System, which is divided in ascending stratigraphic order (youngest to oldest) into
the Pottsville, Allegheny, Conemaugh, and Monongahela Groups. In Ohio, these four groups
contain 50 different coal seams, all of which have been historically mined to some degree. In
Onhio sedimentary deposits, divisions between the major Pennsylvanian groups were originally
made on the basis of the amount of mineable coal, and constitute a practical, rather than a
lithological, framework. However, general trends and patterns of lithological change can be
recognized both within and among groups. From the base of the Pottsville Group to the top of the
Monongahela Group, the percentage of sandstone decreases while the percentages of shale and
limestone increase. Coal beds mined in Athensand Vinton counties include the Brookville (No.
4), Clarion (No. 4a), Lower Kittanning (No. 5), Middle Kittanning (No. 6), Lower Freeport (No.
6a), Upper Freeport (No. 7), and Pittsburgh (No. 8). Of these, the thickest, most persistent, and

most economically important coal isthe Middle Kittanning.

Within the Raccoon Creek watershed, strata are derived from the uppermost Pottsville
Group, the Allegheny Group, the Conemaugh Group, and the lowermost Monongahela Group.
These deposits consist of cyclical packages of aternating sandstone, shale, coal, clay, and
limestone beds. In the Middle Basin of Raccoon Creek, strata are derived primarily from the
Allegheny Group, with minor representation of Pottsville and Conemaugh Group sediments. The
bedrock geology is dominated by shale, coal, and fine-grained sandstones, with discontinuous
exposures of medium-grained sandstones and brackish-to-marine limestones.
Mining History

Coal mining in Raccoon Creek watershed has taken place since the 1840s and continues
today. Coa mining in Ohio began around 1800. Mining took place almost completely
underground, and consisted ailmost entirely of manual labor, until the 1910s. Large earth moving
equipment and techniques were introduced to the mining industry around 1940, providing the
capacity to move large amounts of earth very quickly. Increased efficiency led to more surface
mining, which today accounts for about half of the coal removal in Ohio: fifty-two companies
mined 152 sites to produce 30.6 million tons of coal in Ohio in 1997 (Office of Surface Mining
Reclamation and Enforcement, 1999). Ohio ranked 11" nationally in production of coal in 1995,
in part due to Ohio’ s location on the northern tip of the Appalachian Coal Basin (Ohio Division
of Mines and Reclamation, 1999). One of the largest coal fieldsin the United States, the
Appalachian Coal Basin covers 72,000 square milesin several states, including Ohio,
Pennsylvania, West Virginia, and Kentucky (National Energy Foundation, 1995).
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Four kinds of mining techniques have been used in the watershed. Strip mining is used
when the coal seam is near to the ground’ s surface. The soil and rock overburden is removed and
the coal istaken out before the overburden is replaced. In drift mining, atunnel isdriven into the
side of ahill at acoal outcrop. The coal is mined out by following the contour of the bed. Drift
mines are commonly found along stream bottoms where erosion has exposed a coa seam. Sope
mining uses tunnels on alow enough incline to permit mine carsto enter. More than half of all
coa mined in the watershed was taken from drift or slope mines (Ahmad, 1979). A vertica
opening is driven into the coal in shaft mining. This technique proceeds along the coal seam with
excessive depth increasing entry, exit and ventilation hazards.

Shaft and deep mines were originally used until the 1940s, before strip mines became
more common. From the 1940s to the present, strip mining has replaced underground mining as
the dominant method. According to calculations based on digitized layers of surface and
underground mines on U.S. Geological Survey 1:24,000, 7.5 minute quadrangles, approximately
25,610 acres of underground mines and 21,550 acres of surface mines were established in the
Raccoon Creek watershed. In addition to coal and limestone, clay, sand and iron ore are found in
the basin, though the high-grade iron ore was essentially depleted in the early 1900s.
Hydrogeology And Acid Mine Drainage
The following discussion is adapted from the Pennsylvania DEP web page:
<http://www.dep.state.pa.us/dep/deputate/minres/bamr/amd/science_of amd.htm>

The formation of AMD is primarily afunction of the geology, hydrology and mining
technology employed at the mine site. AMD isformed by a series of complex geo-chemical and
microbial reactions that occur when water comes in contact with pyrite (iron disulfide minerals)
in coal, refuse or the overburden of a mine operation. The resulting water is usually high in
acidity and dissolved metals. The metals stay dissolved in solution until the pH risesto alevel

where precipitation occurs.

There are four commonly accepted chemical reactions that represent the chemistry of pyrite

weathering to form AMD. An overall summary reaction is as follows:
4 FeS, + 15 0, + 14 H,0 > 4 Fe(OH); 4 + 8 H,S0O,

Pyrite + Oxygen + Water 2 "Yellowboy" + Sulfuric Acid
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The first reaction in the weathering of pyrite includes the oxidation of pyrite by oxygen. Sulfur is
oxidized to sulfate and ferrousiron is released. This reaction generates two moles of acidity for

each mole of pyrite oxidized.
2FeS, +70,+2H,0 > 2Fe” +4S07 + 4 H* (1)
Pyrite + Oxygen + Water = Ferrous Iron + Sulfate + Acidity

The second reaction involves the conversion of ferrousiron to ferric iron. The conversion of
ferrous iron to ferric iron consumes one mole of acidity. Certain bacteriaincrease the rate of
oxidation from ferrous to ferric iron. This reaction rate is pH dependant with the reaction
proceeding slowly under acidic conditions (pH 2-3) with no bacteria present and several orders of
magnitude faster at pH values near 5. Thisreaction isreferred to as the "rate determining step” in

the overall acid-generating sequence.
4Fe +0,+4H" > 4Fe* + 2H,0 (2)
Ferrouslron + Oxygen + Acidity - Ferric Iron + Water

The third reaction that may occur isthe hydrolysis of iron. Hydrolysisis areaction that splits the
water molecule. Three moles of acidity are generated as a byproduct. Many metals are capabl e of
undergoing hydrolysis. The formation of ferric hydroxide precipitate (solid) is pH dependant.
Solids form if the pH is above about 3.5 but below pH 3.5 little or no solids will precipitate.

4Fe* +12H,0 > 4Fe(OH); + 12 H* (3)
Ferric Iron + Water 2 Ferric Hydroxide (yellowboy) + acidity

The fourth reaction is the oxidation of additional pyrite by ferric iron. The ferriciron is generated
in reaction steps 1 and 2. Thisis the cyclic and self-propagating part of the overall reaction and
takes place very rapidly, and continues until either ferric iron or pyrite is depleted. In this

reaction, iron is the oxidizing agent, not oxygen.
FeS, + 14 Fe* + 8 H,0 > 15 Fey+ + 2 SO,% + 16 H' (4)

Pyrite + Ferric Iron + Water - FerrousIron + Sulfate + Acidity
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Historical Water Quality

In the mid 1980’ s the USGS partnered with ODNR to devel op water-resource investigation
reports to assist with prioritizing reclamation in the Raccoon Creek basin. The data from those
reportsis very useful for establishing the context of the chemical quality in the basin over the past
20 years.

The study “ Surface Water Quality of Coal-Mine Lands in Raccoon Creek Basin, Ohio”
(Water-Resources | nvestigations Report 85-4060) analyzed eight AMD parameters from 1975
through 1983 and provides the data for samples collected at 41 sitesin November of 1983. The
conclusions drawn from the report do not focus on AMD problems specific to the Middle Basin
study area. Figure 1 graphs the median net concentration values for nine sites that lie with in the
study area. The data set included over 400 samples taken between 1974 and 1984. Median values
were computed basin wide and for individual sites. The sites have been renamed to reflect the

current site identification scheme.

Figure 1. Median values of samples taken 1974 - '83 in the Raccoon Creek Basin OALK. mg/l
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MSEF0010, located at the upper end the study area, reflects the affect of AMD on the
headwaters of Raccoon Creek (See Map #1 for site locations). Moving downstream, Elk Fork
(EF0010) discharges a net alkaline condition. MSPR0070, a mainstem site, shows the highest
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median akalinity. The other two major tributariesin this reach are Pierce Run (PR0010),
discharging water with nearly a zero net condition and Strongs Run (SR0010), discharging net
alkaline water upstream of MSSR1700. Sites M SSR0040 (downstream of Pierce Run and
Rockcamp Run) MSSR1700, and M SLR0050 (the downstream endpoint of the study area) are al
mainstem Raccoon Creek sites and all remain in anet acidic state. The worst conditions are near
M SSR0040.

Figure #2 graphs relevant portions of the data collected in November 1983. Samples
were taken during low flow conditions. Not all of the sites used in devel oping the median value
historical database were sampled during the November 1983 event. The waters enter the Middle
Basin study area at M SEF0010 with a net acidic concentration of 39 mg/l and reach a peak of
acidity concentration at MSSR0040. In the November sampling the stream made a dramatic
change, reverting to a highly alkaline conditions on reaching the final sampling location MSLR
0050. The report does not specifically address the Middle Basin section of the Raccoon Creek
watershed. The only portion of the Middle Basin that is described as being degraded chemically
by mine drainage is the Pierce Run subwatershed.

Figure 2. Concentration conditions Raccoon Creek M ainstem T ALK mg/l
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The USGS also produced the water resources report (88-4022) entitled “Chemical
Quality, Benthic Organisms, and Sedimentation in Streams Draining Coal-Mined Landsin
Raccoon Creek Basin, July 1984 Through September 1986”". Thisinvestigation provides data
from several sampling eventsfor four sites in the Middle Basin study area. Table #1 shows data
for sites M SEF0010, EF0010, PR0010, and M SLR0050 (downstream endpoint for study area)
over varying flow regimes. The reference flow refersto the recorded flow at MSLR0050 (See
Map #2 for site locations).

The general trend of this data reflects a varying condition at the head of the study area,
such that concentrations were net alkaline during lower flow regimes, net acidic at elevated flow
volumes, and then during higher flow events (above 300cfs) returned to net alkalinity. At the
downstream end (M SLR0050) the water consistently remained akaline but appeared to be

dropping in akaline concentration as the flow volume increased.
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Table 2: Chemical Water Quality for Sitesin the Raccoon Creek Middle Basin (USGS,

1988).
pH Alkalinity Acidity Each sampling event capturesdata from the Upper end
1984 September mg/l mg/l Net of the study area (M SEF0010), two main tributaries
(EF0010, PR0010), and the downstream terminus
MSEF0010 no data no data (MSL R0050) of the study area.
EF0010 7.1 56 0 56
PR0010 6.1 8 9.9 -1.9
MSLR0050 68 39 0 39
Reference flow: (cfs) 2.7
pH Alkalinity Acidity pH Alkalinity Acidity
1985 June mg/l mg/l Net 1986 April mg/l mg/l Net
MSEF0010 5.0 2 25 -23 MSEF0010 51 2 12 -10
EF0010 7.3 27 0 27 EF0010 7.1 23 0 23
PR0010 5.6 4 27 -23 PR0O010 6.3 6 6 0
MSLR0050 71 18 0 18 M SLR0050 6.7 10 0 10
Reference flow: (cfs) 54 Reference flow: (cfs) 156
pHAIlKkalinityAcidity PH Alkalinity Acidity
1985 September mg/| mg/| Net 1986 June mg/| mg/l Net
MSEF0010 6.8 9 0 9 MSEF0010 65 12 0 12
EF0010 78 62 0 62 EF0010 76 38 0 38
PR0010 nodata nodata 0 PR0010 65 8 5 3
M SL R0050 71 26 0 26 M SLR0050 67 6 0 6
Reference flow: (cfs) 4.4 Reference flow: (cfs) 28
pPH Alkalinity Acidity PHAIKalinity Acidity
1985 December mg/l mg/l Net 1986 August mg/l mg/l Net
MSEF0010 7.3 5 0 5 MSEF0010 7.0 26 0 26
EF0010 66 12 0 12 EF0010 71 44 0 44
PR0010 60 12 9.9 2.1 PRO010 6.2 5 6 -1
MSLR0050 6.9 8 0 8 MSLR0050 70 38 0 38
Reference flow: (cfs) 393 Reference flow: (cfs) 6.2

The report “Water Quality Assessment of the Raccoon Creek Watershed” (Hughes et al.,
1996) was the result of ajoint project supported by the Raccoon Creek partners. The study was

designed to sample the headwaters and Elk Fork basins in June of 1996 with limited follow up

sampling that occurred in 1997. The purpose of the project was to augment the existing database

developed through the two USGS investigations. The data does not significantly deviate from

trends established in earlier reports. Figures #3 and #4 provide concentrations for mainstem

sampling sites. The water enters the study area at a net acidic condition, then receives some
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buffering from Elk Fork, as reflected at site MSPR0015 in each graph. In 1996 the stream
maintained a constant net alkaline condition through the study area, but pH dropped below 6.0
downstream of Pierce Run at site MSSR0600. In 1997 (Figure #4) the stream reverted to net

acidic conditions after receiving discharges from Pierce Run, Rockcamp Run and other AMD
contributors.

Figure 3. Net Concentration Conditions Raccoon Creek Mainstem |== ALK. mg/I
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Conclusions for this report do not focus on AMD causes specific to the Middle Basin. The report
does confirm the USGS data showing Elk Fork as a constant alkaline contributor and Pierce Run
as a constant acid contributor. (See Map #3 for site locations).

Target Alkalinity Levels

The Ohio EPA’s TMDL for Upper Raccoon Creek developed atarget parameter and
concentration levels for comparing in-stream conditions and desired water quality. Thisalows
for adetermination of changes that must occur in the watershed so that the WWH use designation
can be achieved. Though pH islisted onthe TMDL as a cause for non-attainment, pH
fluctuations cannot be modeled. Metals are also listed as a cause of impairment, but Ohio does
not currently have surface water quality standards for the metals of interest-aluminum, iron, and
manganese (TMDL for the Upper Raccoon Creek Basin, P.13, Ohio EPA, 2002). Alkalinity was
chosen as a surrogate in modeling water quality conditions. Ohio EPA’s modeling team used the
USEPA water quality criteriato determine a corresponding minimum net alkalinity level. The
OEPA model calculated that water meeting USEPA criteriafor iron (1.0 mg/L), aluminum (.75
mg/L), and manganese (2.0 mg/L) should have a corresponding net alkalinity of at least 20 mg/I.
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Net alkalinity concentrations of 20 mg/I then correspond to apH of at least 6.5, thereby meeting
Ohio’s Warmwater Habitat (WWH) criteria. The Raccoon Creek Watershed Project Partners
have accepted the 20 mg/L target as our goal for in-stream concentration conditionsin the

mainstem of Raccoon Creek.

Current Mainstem Water Quality

The 184 square mile middle basin has been divided into seven subwatersheds. Mainstem
to Elk Fork (MSEF) begins at the upper end of the study area and reaches to just upstream of the
Elk Fork discharge. Elk Fork (EF) isthe largest tributary to the Raccoon Creek in the study area.
Mainstem to Pierce Run (MSPR) begins just downstream of the Elk Fork discharge, and
concludes upstream of Pierce Run. The Pierce Run (PR) sub-basin is one of the major tributaries
in this section and a known contributor of AMD to Raccoon Creek. Mainstem to Strongs Run
(MSSR) starts just downstream of Pierce Run and concludes upstream of Strongs Run. This
segment includes Rockcamp Run. Strongs Run (SR) is the second largest tributary in middle
basin. Thefina segment is Mainstem to Little Raccoon Creek (MSLR) (See Map #4).

During each sampling event a determination of the flow volume was calculated for the
endpoint of the study area. The flow at this sampling site, MSLR 0050, is the reference site that
isused in discussion in this report. The reference site flow is used to distinguish the relative flow
regime across the study area (low, medium, or high.) The flow is determined in the field when
possible, or by calculation using the formula:

(Q1-Q2/.643) * .898, where Q1 isthe reported flow at the USGS Adamsville gauge (station
number 03202000.) and Q2 isthe flow at the gage on Little Raccoon Creek (03201980),
corrected for its location in the Little Raccoon drainage basin. Q1 minus the corrected Q2 gives
the value for Raccoon Creek calculated flow minus Little Raccoon Creek(See Map #1 for site
locations). That volumeis then corrected for itslocation. The flow reference site drains 89.8%
of the basin. The OEPA TMDL modeling team devel oped the above flow-cal culating formula
that allows for an understanding of conditions at the time of sampling. (See Map #4 for site
locations).

Mainstem of Raccoon Creek

The mainstem was sampled over awide range of flow regimesin 2002. The basin was
assessed twice in April with calculated discharge rates at the reference site of 624 cubic feet per
second (cfs) and 238 cfs. It was again assessed in August when the discharge was measured in
thefield at 25 cfs.
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The three sampling events, even with such wide variation in flow regimes, reflect the
same general trend. The water quality in the middle basin is dependent on the impact that AMD
is having on the headwaters of the stream. Asthe water enters the study area it does not generally
meet the target level of net 20mg/L alkalinity. The akalinity improves, but then drops during
high flows (less during lower flow) at site MSSR0010. Thissiteisjust downstream of the Pierce
Run discharge. Downstream of M SSR0010 the water quality recoversto net alkaline conditions
at the final sampling location. During the 600 cfs sampling event (Figure #5) water chemistry
meets the target net alkaline concentration of >20mg/I at MSLRO0050. The pH drops .3 standard
units between sites M SPR0130 and MSSR0010. A drop of .3 unitsis significant in a stream the
size of Raccoon Creek Thisdrop isaresult of the discharge of Pierce Run into the mainstem of
Raccoon Creek. During this high flow event the stream was able to maintain a net alkaline

condition but with avery low net alkalinity of 6mg/L (See map #5 for site locations).

Figure 5. Net concentration conditions Raccoon Creek = ALK. mg/l
April 2002 = ACIDITY my/l
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The second sampling event in April (Figure #6) was conducted at approximately half the

flow of the earlier April sampling event (reference site flow = 237.8 cfs) and produced a similar
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trend. The water enters the study area with approximately 9 mg/l of alkalinity. Alkalinity
increases through the Elk Fork discharge area at sites M SPR0O015 and M SPR0130, and then drops
after the stream receives the Pierce Run discharge. At this medium flow level the stream reverts
to net acidic conditions with adrop in pH from 6.2 to 5.3. The downstream reach recovers
akalinity, but not enough to meet the target goal of > 20 mg/l of net alkalinity. Each of the April
sampling events point to Pierce Run as the greatest limiting factor in the study area, as reflected
by site MSSR0010.

Figure 6. Net concentration conditions Raccoon Creek 3 ALK. mg/l
April 2002 mmm ACIDITY ngl/l
Reference flow 237.8 cfs 1 Net Condition
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The last basin-wide sampling event was conducted in August during low and relatively
stable stream conditions (Fig. 7). The reference site discharge was measured in the field at 25 cfs.
Previous studies suggested that the basin would suffer the worst acid concentration conditions
during low flow, but the sampling results actually show otherwise. There was one modification
to the sampling locations during this event- M SSR0010 was moved downstream far enough to
warrant a new site number, MSSR0020. The site was moved to assure that the downstream
mainstem sample was well past the mixing zone of the Pierce Run discharge into Raccoon Creek.

The water entered the study area at a slightly elevated alkaline concentration in comparison with
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other basin sampling events, but the overall trend remained the same. Alkalinity increased until
the stream received the Pierce Run discharge. The net alkalinity concentration at M SSR0040 did
drop but remains above the 20mg/l target level through the study area.

Figure 7. Net concentration conditions Raccoon Creek | =2 ALK. mg/I
August 2002 Reference flow 25.4 cfs . ACIDITY mg/I
1 Net condition
—a— pH
45 7.15

\]

- NI [ |-

169 &

Concentration (no/L
b
|
|
|
> |
|
|
|
T~
|
[ }l
o
&

20 \\
1 685
] N /
15 ke 4 1 68
10 mEEmE e Ll L] [ e
1 67
6.65

(@) )]
|
sTootsN [
octosN [
ocoossnN [
ovooessN [

OTOO-EBN
oota=sn [l

0S00d BN

Significant Tributariesto Raccoon Creek

During phase | field reconnaissance, 175 field pH readings were taken to determine
which tributaries might be degrading the mainstem. Only 36 of those readings indicated pH
below 6.0, and over half of these were in either the Rockcamp Run or Pierce Run subwatersheds.
Therest were in the Mainstem to Elk Fork reach or in Elk Fork, and were above apH of 5.0. The
four tributaries that were selected for phase 11 sampling include Elk Fork (EF0010), Rockcamp
Run (MSSR0030), Pierce Run (PR0010) and Strongs Run (SR0040.) The data provided for these
sites reflect the discharging load (samples were taken at the mouth of the stream) to the
mainstem. The negative acid load reflects an alkaline load to the mainstem (See Map #6 for site
locations).

The phase 11 loading data for the selected tributary streams also indicates consistent
trends. Elk Fork and Strongs Run produce net alkaline loads during each sampling event. The
buffering capacities provided by these discharges correspond well to the increase in net alkalinity
in both the mainstem M SPR segment and below Strongs Run through the MSLR reach. Also, the



data indicate that alkaline loads in these two streams tend to increase with increased flow

volumes. Pierce Run and Rockcamp Run produced net acidic loads during most sampling events

and in each of the basin wide sampling events shown below. The Pierce Run load is strongly
correlated to the downward trend in quality in the downstream site M SSR0010 or M SSR0020

(figures #8, #9, #10). The metal load isthe total contribution of the concentration of iron,

auminum, and manganese multiplied by the discharge rate at the location the sample was taken.
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Figure 9. Net Load Contributions Raccoon Creek Mainstem = Acid Load
April 2002 Reference flow 237.8 cfs — Metal Load
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Figure 10. Net Load Contributions to mainstem Em Acid Load
August 2002 Reference Site flow 25.4 cfs — Metal Load
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Sub-water sheds

Three sub-watersheds were selected for further sampling. Elk Fork was selected because
of itsimportance as arefuge for biology in the watershed and because it is a source of alkalinity
to the mainstem of Raccoon Creek. Pierce Run and Rockcamp Run were selected due to their

significant contribution of acid load to the mainstem.

Elk Fork

Name: Elk Fork

Tributary To: Raccoon Creek

Location: Vinton County

Quadrangles: Allensville, Zaleski, Hamden, McArthur
Drainage: 59.9 square miles

The Elk Fork subwatershed received a basin-wide assessment in March and September of
2002. Historically the stream has been a consistent net alkaline contributor to the mainstem. But
because of the size and quality of the sub-basin, the creek provides a valuable resource as a part
of the Vinton County landscape and warrants a detailed determination of its chemical

characteristics.
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Figure #11 displays the datafor all samples that were taken at the confluence of Elk Fork
and Raccoon Creek (EF0010).

Figure 11. Elk Fork (EF0010) alkaline load discharge |— Alkaline Load
to Raccoon Creek
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The graph confirms the consistent alkaline load discharging to Raccoon Creek over varying flow
regimes. The metals |oad represented on the graph is the sum of the iron, aluminum and
manganese loads carried by the stream.
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Each of the Elk Fork sub-basin sampling events shows that adequate levels of akalinity
are maintained along the entire reach of Elk Fork’smainstem. In March, Elk Fork (Site EF0010)
delivered net alkaline discharge of 21 mg/l to Raccoon Creek at arate of 25 cfs, under a moderate
basin-wide flow regime (Fig. #12). See Map #7 for sample locations.

Figure 12. Net Concentration Conditions Elk Fork 3/2002 | =3 ALK. mg/I
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In September under amuch lower flow regime (Elk Fork: .355 cfs, Reference Site: 21cfs) Elk
Fork (Site EF 0010) produced even higher alkalinity values across the sub-basin (Figure #13).

Figure 13. Net Concentration Conditions Hk Fork 9/3/2002 = ALK. mg/I
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While alkaline conditions vary in Elk Fork, and alkalinity levels drop in the lower reach,
conditions do not reach alevel assumed to be affecting aquatic life. Even at the highest measured
discharge levels the akalinity levels are at or above the 20mg/| target level at the confluence with
Raccoon Creek.

Priority Stes:

There are no priority sites within the EIk Fork subwatershed. There are areas of the Elk
Fork basin that have been surface mined with much of it having been reclaimed. Some small
tributaries to Elk Fork are not supporting healthy aguatic assemblages. It is not apparent whether
thisis dueto AMD or the small drainage area and limited flow. Asthe graphs show thereisa
limited amount of acid present in mainstem samples from Elk Fork. The cost to abate AMD for
this small load does not provide enough benefit to undergo further consideration as priority

projects for treatment in this report. However, other factors that may or may not be mining



30

related (siltation) should be considered as opportunities to improve the physical habitat of the

stream.

Location/access:

The Elk Fork drainage basin discharges into Raccoon Creek in Vinton Township, Vinton
County near the intersection of State Route 32 and County Road 43B with nearly all of the
drainage basin located in Vinton County. The headwaters are located near Mt Pleasant, Ohio,
which sits on the Vinton and Hocking County border along State Route 93. The Mead
WesVaco/US Forest Service manage through partnership the Raccoon Creek Ecological
Management Arealocated in the Elk Fork Basin. This 16,000 acre forest is not accessible by

auto in most cases but is open to foot travel.

Pierce Run

Name: Pierce Run

Tributary To: Raccoon Creek

L ocation: Vinton County

Quadrangles: McArthur, Mulga, Wilkesville
Drainage: 12.7 square miles

Pierce Run was identified as a source of AMD to Raccoon Creek prior to the current
Middle Basin study. Itisthe only tributary in the study areato receive mention in any of the
historical water quality literature. The Pierce Run sub-basin does not exhibit a very consistent
water quality trend, and alternates between net alkaline and acidic states. This may be due to
influx of treated discharge from active surface mining and coal preparation facilitiesin the
headwaters of the sub-basin. Figure 14 shows that samples taken in May and into June of 2002 in
the mainstem of Pierce Run very near the confluence with Raccoon Creek were in anet alkaline
state (negative values on the pollutant load graphs represent an alkaline load.)

The Entire Pierce Run mainstem was assessed on four occasions; twicein May, oncein
June, and once in August of 2002 (providing four PRO010 samples). The May sampling events
took place during very high basin-wide flow regimes (reference site flow conditions of 2514 cfs
and 1665 cfs.) The June sampling occurred under much more moderate flows, (Reference Site
flow: 119 cfs) and in August during alow flow scenario of 5 cfs at the reference site. The
discharge of Pierce Run was sampled on six more occasions during basin wide sampling that
occurred during assessment of the mainstem of Raccoon Creek. The corresponding Pierce Run
discharge is provided for each date samples were collected. These ten samples representing

PRO010 provide a good look at the changes in contribution to Raccoon Creek through the
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variation of season and discharge levels. While net conditions do change between very high and
low flow events, it is not apparent what factors play into the variation. Some of the fluctuation
between acidic and akaline conditions may be due to the coal preparation facility in the
headwaters of the stream. The remaining effect comes from the complex combination of surface
runoff and deep mine discharge sites that enter into the Pierce Run mainstem. There are
numerous tributaries in the sub basin, some of which are not substantially degraded by AMD and
provide relatively high alkaline water to the mainstem.
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The sub basin sampling that took place along Pierce Run’s mainstem indicates two
specific sources provide the bulk of the AMD degrading the stream. Each of the May sub-basin
assessments (Fig.#15 and #16) shows anet alkaline discharge for Pierce Run at its mouth (for
graphs depicting concentration conditions, negative values reflect acidic conditions). Whether
this condition is aresult of the active mining operations or dilution from elevated levels of surface
run-off is not easily determined. However, the sampling data for each occasion show a change
from net alkaline conditions to net acid conditions between sites PR0140 and PR0130. The deep
mine seep at this location has since been sampled and |abeled PR0135. On each occasion the
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water quality improved downstream of the seep until discharging with net alkalinity at PRO010.
(See Map # 8 for site locations).

Figure 15. Net Concentration Conditions 5/1/02 =3 ALK. mg/I
Reference Site Discharge 2514 cfs Pierce Run Discharge 8,58 cfs mmm ACIDITY mgl
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Figure 16. Net Concentration Conditions 5/22/02
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The June sampling data (Fig. #17) does not show net acidic conditionsin Pierce Run, but
the seep at site PRO135 again degrades the water causing a reduction in net alkalinity from 130
mg/l to 15 mg/l. It removes nearly all of the buffering capacity available in the stream. At this
low flow Pierce Run exhibited a new trend. This sampling event shows the stream degrading
between PR0O060 and the final site PRO010. The stream loses over ahalf point of pH from 6.6 to
5.9 and almost all of its net alkalinity from 25 mg/L to 4 mg/L.

Figure 17. Net Concentration Conditions 6/20/02 ALK, mg/l
Reference Site Discharge 119.5 cfs Pierce Run Discharge 1.3 cfs mmm ACIDITY mg/l
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The August sampling (Fig. #18) shows even worse net conditions in Pierce Run, as the
impact of PR0O135’ s discharge to the stream consumes al the available alkalinity. The stream
revertsto net acidic conditions and degrades further before reaching Raccoon Creek. The
observed low flow trend of degradation downstream of site PR0O130 led to the identification of the
second priority sight in the Pierce Run sub-watershed. This site has since been sampled and
labeled PROO16. This site is located adjacent to the junction of State Route 32 in Vinton County
Road 10, upstream of the mouth of Pierce Run tributary 0015 (sampled at PR0O015).

Figure 18. Net Concentrations Conditions 8/13/2002 EALK. mg/l
Reference site discharge 5.1cfs Piece Run Discharge .223cfs mm ACIDITY mg/l
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A complete acid load mass balance for Pierce Run was attempted in March of 2003.
Unfortunately, the discharge measurements did not allow for an accurate accounting and
balancing of the chemical conditions of the stream. Table 3 provides the data for the mass
balance samples taken in March of 2003. The sum of the tributary discharge was just over 4 cfs,
less than the measured discharge at the confluence of Pierce Run. The sum of the acid and
alkaline loads from all the tributaries in the watershed equaled 102 pounds per day of alkalinity.
The calculated load for Pierce Run at its confluence was 610 |bs per day of acidity. Such
discrepanciesin flow and calculated |oads make modeling the chemical conditions difficult. The

data does show that eight of the eleven tributaries provide an alkaline load to the mainstem of
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Pierce Run. Tributaries PR0O040, 0050, 0070, 0112 and 0115 had acidity values less than 5mg/L.
The sampling event also confirmed sites PR0O016 and PR0135 as the biggest contributors of acid
to the Pierce Drainage system. The sum of the three acidic sources (tributary PR0015, PR0O135,
PR0137) account for the entire acid load measured at PRO010. Due to elevated flows over the
anticipated summer dry season it was not possible to conduct a mass-balance sampling event at

low flow. Itisrecommended that when conditions alow a second sampling is done.

Table 3: March 2003 Pierce Run Water shed Water Quality Data

SitelD Flow (cfs) Acid /Alkaline L cad(# s/day)

Pierce Run confluence PR0010 10.79 610 Acid

Sum of all Tributaries: 6.78 102 Alkaline Acidity  alkalinity

Individual tributaries PR0015 1.681 418.921224 Acid 46.3 0
PR0040 0.108 -7.5279579 Alkaline 345 16.4
PR0050 0.137 -16.798014 Alkaline 4,02 26.8
PR0070 1.498 -63.778156 Alkaline 4.99 129
PRO112 1.05 -63.863307 Alkaline 48 16.1
PR0115 0.725 -9.2484725 Alkaline 4.29 6.66
PR0135 0.121 133.838437 Acid 205.5 0
PRO137 0.152 48.9656362 Acid 59.85 0
PR0150 0.137 -11.783682 Alkaline 5.82 21.8
PR0160 0.331 -312.26207 Alkaline 9.73 185
PR0180 0.355 -53.693082 Alkaline 27.3 55.4
PR0190 0.488 -164.9541 Alkaline 11.9 74.7

(See Map # 8 for site locations)

Priority Sites:
PRO0135: Oreton Hollow Seep

The Pierce Run subwatershed has been extensively deep mined and continues to be surface
mined. There are countless diffuse seeps from early 1900’ s auger and drift mines, barren spail
piles, and even sites reclaimed under early state reclamation programs that seep acidic water from
slopes and road cuts. The most consistent offender is the deep mine seep site PRO135. Theinitial
discharge from the mine comes out at one single location on the side of a steep hill. It travelsina
channel for a short distance before entering awetland area covering approximately two acres.
The wetland isfilled to the depth of two to three feet in some locations with iron and aluminum
precipitate. The water flows over the deposited metals as a shallow sheet flow and discharges to
Pierce Run at a number of locations. Investigation along the streambed near the wetland found

soil piping that transported flow subsurface from the wetland to Pierce Run.
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PR0135 is associated with an entry to mine complex Vn-80 in Section 33, Vinton
Township, Vinton County, Ohio. Historic mine maps show an extensive underground minein the
area. The entry at PRO135 was the main entry to the west side of the complex. Numerous
openings were located up drainage from the main entry on the east and west side of the mine, but
are no longer present. The Waterloo Coal Company is working on an active strip mine permit
with limits extending within 25 yards of PRO135. The area has recently been strip-mined,
resulting in the removal of at |east the mine entries and possibly much of the old mine. It isnot
clear how this may affect the quality or quantity of water discharging at PR0135. The mine map
dates the last work to have been certified in October of 1924 and that the mine had been active as
early as 1907. The coal seam being mined was the Clarion (no. 4a) seam, and the mine was
owned and operated by the Oreton Mining Company.

PR0135 was sampled three times (May, June, and August) during the summer of 2002.
Discharge was not measured during these first three samples. Table 4 briefly describes the acid
and metals concentrations as the water exits the degp mine portal, which has collapsed almost
entirely.

Table 4: 2002 Water Quality Data for PR0135 Oreton Hollow Seep

Date pH ACIDITY ALK.mg/l IRON mg/l ALUMINUM MANGANESE
mg/l mg/| mg/l
5/22/2002 3.87 860 0 409 40.1 4.59
6/20/2002 2.65 1015 0 324 435 5.94
8/13/2002 2.38 1160 0 215 53.8 6.98

PR0135 was then revisited and sampled during the months of June and July of 2003.
Both water quality samples and discharge measurements were collected on five occasions. Table
5 provides the water quality data for these sampling events. During this period the chemical
water quality data appears to be relatively stable. The discharge from the seep ranged from 20 to
30 gallons per minute (GPM) and acidity levels were consistently at or dlightly above 1000 mg/L.
Peak degradation conditions for each category are highlighted in bold text in the graph. These
conditions show that acidity concentration and loading along with the greatest combined metal
load (iron, aluminum and manganese) peaked during the highest measured discharge level while
metal concentrations peaked during the lowest discharge level. On average the seep is producing
426.9 pounds of acid aday and 190 pounds of combined metals a day at a discharge of 33.2

gallons per minute.
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Table 5: 2003 Water Quality Data for PR0135 Oreton Hollow Seep

Gallons o 11y acipiTy METALS | £ oNALUMINUMMANGANESE
Date pH Per " “mgl  LOADING-OAPING o mgil mg/|
Minute Ibs/day
6/25/2003 431 370496 1003 44592 21801 443 39.1 6.61
7/1/2003 424 228928 1108 30438 14983 494 427 6.88
7/9/2003 419 319424 910 34881 16243 384 323 6.04
7/15/2003 436 425152 1195  609.66 25159 448 371 6.37
7/22/2003 438 319424 1111 42585  170.76 39 4.5 6.48
AverageVaues 4.296 3326848 10654 42692 19052 433 3854 6.476
Peak Discharge 42.5 GPM
L owest Discharge 22.9 GPM

Tributary PR0015 — Unnamed tributary to Pierce Run

PRO0015 is the last tributary to discharge to Pierce Run before its confluence with
Raccoon Creek. During theinitial reconnaissance of the Pierce Run subwatershed PR0O015 did
not appear to affect the acidity conditions in Pierce Run. Samples above and below the tributary
showed improvement in the net chemical condition. The final two phase Il sub-basin assessments
indicated otherwise, when samples taken above and below PR0OO015 indicated a degrading net
chemical condition below the tributary. The mass-balance sampling event confirmed and
guantified the acidic discharge of PR0O015, demonstrating that PRO015 produces 16% of the total
flow in Pierce Run and 69% of the acid load (See Table 4).

Investigation along the PRO015 tributary identified water discharging through an exposed
coal seam associated with mine complex Vn- 96. The mine complex has one visible drift entry
that has collapsed. Water does not discharge at the surface viathe old entry, but it is apparent
that some water is being transferred as base flow through to the stream near the collapsed entry.
The majority of the discharge is being transported through the coal seam that has been exposed by
the construction of SR 32, and by erosion. Vn-96 islocated in Section 19 of Vinton Township,
Vinton County, Ohio. The Thompson Coal Company originally owned the mine, and the historic
map indicates their certification in 1933 to mine the Clarion (no.4a) coal seam. The complex had
two entrances, one located adjacent to SR32 (where water is now discharging through the coal
seam,) and amain entrance further south along Vinton County Rd. 10. The main entrance has
also collapsed. Water does seep from the minein afew places along the hillside facing CR 10. It
collectsin avery shallow pond in the floodplain of Pierce Run and tributary PROO15, but does not
contribute to either one of these streams through surface flow. It may be providing some base

flow, but generally appears to evaporate over time.
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When investigating the coal seam seep (sampled and labeled PRO016) it became apparent
that the upstream water in the receiving stream (tributary 0015) did not carry an AMD signature.
Field pH readings show pH between 7 to 7.5. Below the exposed coal seam and collapsed mine
entry the pH regularly dropped to below 4.0 and below 3.5 on afew occasions. It was not
possible to measure the amount of water discharging through the coal seam to quantify the flow.
Attempts to measure discharge above and bel ow the seep did not provide an accurate
measurement of the contribution to the PROO15 tributary flow. The quantity of flow coming from
the coal seam seep was not great enough to raise the flow by a measurable amount between
upstream and downstream measurements. It was possible to quantify the result of the seep
discharge into PROO15 by obtaining a stream discharge downstream of the seep.

The PROO015 tributary was sampled weekly for seven weeks in June and July of 2003. To
document the coal seam seep (PR0016) samples were taken downstream of the exposed seam and
mine complex (PR0O015), directly from the seeping coal seam (PR0016) and upstream (PR0017.)
Table 6 provides the data for the samples taken at PR0015. Site PR0015 is a stream sample taken
at far enough downstream of PROO016 to allow for sufficient mixing. Because the stream is
affected by surface runoff and groundwater recharge the flow along with peak degradation
conditions vary agreat deal. A moderately strong trend developed with higher metal and acid
concentrations occurring at lower discharge rates. Peak acid loading occurred at a much higher
discharge rate, and at the peak discharge rate sufficient alkalinity was present to produce a net
alkaline load.

Two average values are given for the datain Table 6. Thefirst isthat of all samples
collected during the time period. The second does not include the highest measured discharge
and the data that resulted from analyzing that sample. While both are important it islikely that
abating the acid load from PR0OO15 will focus on net acidic conditions. Further sampling in the
tributary may refine the trends developed during this study and pinpoint the discharge rate at
which the tributary may be net acidic or net alkaline. For treatment purposes the difference
between the average acidity concentration and acid load may be significant enough to affect the
design of the treatment alternative.
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Table 6: 2003 Water Quality Data for PR0015

Net METALS

Date  pH Pe??\l/:?:SteACran}lTY AL KﬁnglllNl TY Load LOADING IrFri]glll\l AL Url:]/IQ;/II\IUM M ANn(iQI:\IESE
PRO015 Ibgday |bs/day
Treatment 6/11/2003 3.79  193.54 54.50 0.00 126,57 5885 20.70 3.92 0.64
Load 6/25/2003 3.08 170.24 161.00 0.00 32890 8784 32.00 9.73 112
7/1/2003 2.93 61.38 293.00 0.00 21580 6395 68.10 16.70 1.73
7/9/2003 350  148.29 80.00 0.00 14236 4717 19.10 5.67 1.65
7/15/2003 3.66 91.39 97.80 0.00 107.26 3333 2270 6.33 1.26
7/22/2003 3.62 54.66 120.00 0.00 78.70 19348 263.00 8.49 22.50
8/5/2003 6.46  452.48 10.40 43.00 -177.01  40.94 5.37 122 0.93
*Negative Value represents a positive alkaline net load
Ave. Values 386 167.42 116.67 6.14 11751 75.08 6157 7.44 4.26
Ave. value when net acidic 343 11991 134.38 166.60 80.77  70.93 8.47 4.82
Peak Discharge 452.5 GPM
Lowest Discharge 54.66
GPM

Table 7 provides data for the samples collected at PRO016. These samples were collected
as the water was exiting the coal seam. It was not possible to determine the rate of discharge as
the water exited the coal seam and free fell into the PROO15 tributary. The water seeps through
the exposed outcrop in many locations. Over the course of sampling the amount of water
discharging through the outcrop did decrease substantially, but at no point did flow cease entirely.

The chemical water quality proved to be very consistent and highly acidic.

Table 7: 2003 Water Quality Data for PR0016

Gallons
Date pH Per ACrLZ}ITY Ir?qglll\l ALUMINUM mg/l MANn(ig}INESE
Minute
6/11/2003 244 NA 1987 513 87 24
6/25/2003 241 NA 1875 459 86.3 241
7/1/2003 2.46 NA 1846 443 85.2 2.34
7/9/2003 2.36 NA 1867 420 85.8 241
7/15/2003 2.47 NA 1950 408 93.2 2.55
7/22/2003 2.58 NA 1964 458 95.4 2.61
8/5/2003 24 NA 1944 432 93.1 2.6
Average Values 2.45 1919.00 447 57 89.43 247

Water quality samples were also collected upstream (PRO017, Table 8) of the exposed coal seam
in the tributary. The point of sampling this location was to determine if the coal seam seep was

the only major AMD contributor and if the chemical signature of the water at this location was
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appropriate for use in atreatment scenario. The water does provide a consistent net alkaline load

but also carries alow concentration of acidity.

Table 8: 2003 Water Quality Data for PR0017

Gallons ACIDITY ALKALINITY Net Load METALS IRONALUMINUMMANGANESE]
Date  pH Per mg/| mg/ lbs/day -OAPING o g mg/!
Minute Ibs/day
6/11/2003 7.04 193.536 2.96 40 -86.02 2.99 0.50 0.25 0.54
6/25/2003  6.98 170.24 5.82 475 -85.15 3.46 0.65 0.25 0.79
7/1/2003 7 61.376 8.68 56.7 -35.37 2.05 147 0.35 0.96
7/9/2003 6.56 148.288 8.58 69.4 -108.23 577 122 0.25 1.76
7/15/2003  6.89 91.392 7.68 55.4 -52.33 2.45 0.81 0.25 1.16
7/22/2003  6.96 54.656 8.67 70 -40.22 2.97 1.68 0.25 2.58
8/5/2003 6.94 452.48 6.61 63.3 -307.81 1166 0.89 0.25 1.00
*Negative Value represents a positive akaline net load
Ave. Values 6.91 167.42 7.00 57.47 -102.16 448 1.03 0.26 1.26

Location/Access:

Most of the Pierce Run subwatershed is easily accessible via State Route 160, which runs
east-west along most of the length of the mainstem and through the headwaters. The confluence
of Pierce Run isonly accessible by foot. The easiest way to travel to the mouth isto park along
the Tennessee Gas pipeline right of way where it crosses Vinton County Rd 10. By walking east
aong the pipeline you will quickly access the mainstem. Thisisthe location of sampling site
PR0010.

The Oreton Hollow Seep, PR0O135, is very difficult to access. Along SR 160 from the
abandoned town of Oreton is abrick vault that was housed in the General Store. Parking at the
vault and crossing the stream (south of the road) provides access to the edge of awetland filled
with iron and aluminum deposits from the PR0135 seep. Accessing the seep requires skirting the
wetland and following the water flowing into the wetland to its source, the PRO0135 seep. The
walk is very difficult and walking through the wetland is not advised. The precipitate is deep
enough that it is possible to become stuck. Depending on the condition of the underbrush it can
take a half an hour to reach the location of PRO135.
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Rockcamp Run

Name: Rockcamp Run
Tributary To: Raccoon Creek

L ocation: Vinton County
Quadrangles: Mulga, McArthur
Drainage: 2.9 Square Miles

The Rockcamp Run tributary is the most consistent AMD contributor in the Middle Basin study
area. Regardless of flow conditions, it tendsto be net acidic (Fig. #19) with concentrations at the
confluence ranging from 39 mg/l to 198 mg/l of acidity. Alkaline conditions were only recorded
once out of seven sampling events. M SSR0030 represents the confluence of the three Rockcamp

Run tributaries.
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Three tributaries that are themselves affected by AMD to varying degrees feed the sub-
watershed. Much of tributary MSSR0031’ s base flow comes from a deep mine discharge that has
the greatest and most consistent impact. It does not appear to dry up during the driest of the
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annual flow cycles and carries high concentrations of acidity (238 to 358 mg/l) to the mainstem.
During the drier months tributary M SSR0031 provides the only water reaching the confluence of
Rockcamp Run with Raccoon Creek. Tributary M SSR0032 has undergone significant change
during the study period. ODNR-DMRM contracted with the Sands Hill Coal Company to
reclaim a 13-acre coal refuse pile that covered most of the small tributary’ s drainage area. During
the Middle Basin study the pile was under various stages of reclamation that may have
significantly affected water chemistry in the adjacent stream. Sampling at M SSR0032 produced
variable results ranging from net acidic to net alkaline conditions during the study period. The
third tributary, MSSR0033, does not significantly affect water quality within the Rockcamp Run
sub-basin. It has aso fluctuated between alkaline and acidic conditions, but its contribution to the
overal flow in Rockcamp Run has never reached more than 10% and it is often dry in the
summer months.

Figures 20-22 provide the datafor each of the subbasin sampling eventsin Rockcamp
Run. Each event points directly to MSSR0031 as the alrgest and most significant source of AMD
in the watershed. See Map #9 for sample locations.

Rockcamp Run Tributary
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It was surprising to see the data from the May 15, 2002 sampling event showing a net
akaline discharge (Fig #20). The acid load contributed by MSSR0031 is very high yet the stream
is net alkaline, producing almost 300 pounds per day of alkalinity. It isnot clear what factors



allow the mainstem of Rockcamp Run to receive such a high acid load and yet maintain net
alkaline conditions.

A second May sub watershed assessment was conducted on May 29, 2003. The results of
thisevent (Fig. #21) were more in line with what was expected of the tributary. The calculated
parameter |oads, when compared with the first May assessment (May 15, 2002) had dropped
substantially given a substantial decrease in flow volume. There was little change in the signature
of the datafor the three tributaries, and the Rockcamp Run discharge (M SSR0030) was net

acidic.
Figure21. Acid Load Contribution 5/29/2002 |—— ACIDITY LOADING
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A final low flow assessment of the Rockcamp Run sub-basin occurred on August 20, 2003.

Figure #22 shows that nearly all the flow and resulting acid load was being generated by
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MSSR0031. At such adry time of year it is expected that the tributary, which is being fed by a

deep mine discharge, would provide most of the base flow and acid load to Rockcamp Run.

Figure 22. Acid Load Contr.ibution 8/20/2002 —1 ACIDITY LOADING
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While the Rockcamp Run discharge can be highly acidic and may be limiting the
recovery in the receiving segment of Raccoon Creek, it does not have the effect that Pierce Run
has on the mainstem. The sampling results for the Raccoon Creek mainstem site downstream of
Rockcamp Run (M SSR0040) generally show improvement rather than degradation. Table 9
indicates that on three of eight sampling occasions (bold, italic numbers) the alkalinity
concentration level dropped downstream of Rockcamp Run but never by more than 5 mg/l. On
most occasions the pH above and below Rockcamp Run has remained constant with little net

change. PH varied during the spring of 2002 at a time when flow conditions were high.
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Table 9: Variation in pH in the Mainstem of Raccoon Creek Upstream and Downstream of
the Rockcamp Run Discharge.

Date Upstream pH Downstream pH Net pH
Concentration Concentration Change
4/1/2002 5.96 mg/l akalinity 6.2 9.7 mg/l akalinity 6.3 0.1
4/8/2002 7.84 mg/l acidity 53 9.02 mg/l akalinity 6.1 0.8
5/15/2002 16.06 mg/l akalinity 6.6 15.42 mg/l akalinity 59 -0.7
5/29/2002 13.71 mg/l akalinity 6.2 14.15 mg/l akalinity 6.2 0
7/22/2002 18.52 mg/l akalinity 6.6 13.85 mg/l akalinity 6.5 -0.1
8/6/2002 28.67 mg/l akalinity 6.8 29.0 mg/l akalinity 6.8 0
8/20/2002 16.12 mg/l akalinity 6.5 11.4 mg/l akalinity 6.5 0

It is possible that the Raccoon Creek mainstem site (M SSR0040) is being affected some
by a deep mine discharge labeled MSSR0039. This mine complex is not in the Rockcamp Run
subwatershed. It is situated less than a half mile downstream of Rockcamp Run and discharges
water along arailroad grade that is adjacent to the mainstem of Raccoon Creek. Water from the
collapsed portal travelsless than 75 feet before entering Raccoon Creek. This site does tend to
dry up during the annual low flow cycle and did so during the summer of 2002. Samples were
taken three times during the 2002 summer sampling. The first two occurred in May and the third
inJuly. InJune and August there was not sufficient flow to collect surface water samples. Itis
likely the water was still reaching Raccoon Creek during these months as base flow that
originated in the mine complex. Even during times with no surface flow from the entry iron
precipitate is still evident along bank of Raccoon Creek. The site was sampled four times during
the month of July in 2003. The flow coming from M SSR0039 does not reach a very high rate
reaching a maximum of 10 gallons per minute and, as mentioned, dropping to nearly zero during
dry periods. Though the flows are not substantial the concentration of metals and acidity are very
high, allowing for the contribution of M SSR0039 to rise rapidly with increased flow.

Priority Sites:
M SSR 0034- Hawks Mine 656

Even though all three of the tributaries in the Rockcamp Run subwatershed are affected
by AMD, the data shows that the effect on Raccoon Creek is dominated by tributary M SSR0031
and the Hawk Mine No. 656 seep labeled MSSR0034. The Hawks Mine seep is associated with
mining complex Vn-102 located in section 30, Wilkesville Township, Vinton County, Ohio. The
historic mine map dates the works to 1978 when the final mine map was submitted to the State of
Ohio by the Waterloo Coal Company. They were permitted to mine the Clarion (no. 4) coal
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seam. The location of the discharging M SSR0034 seep is not mapped as one of the origina
entriesidentified for the complex. Although the site resembles a portal it may just be the result of
subsidence. The 1978 map indicates that entries for Vn-102 are located in the M SSR0032
tributary, along areach of stream that was recently reclaimed during the refuse pile reclamation
project mentioned in the initial discussion of the Rockcamp Run subwatershed. Since the
reclamation was complete it has not been determined whether these openings are still accessible
or have been removed. No water has been observed discharging from these former mine entry
sites.

MSSR0034’ s discharge falls 8 to 10 feet before collecting in a pool that feeds tributary
MSSR0031. Onceit enters the tributary the water only travels a short distance before flowing
into an impoundment created during the mining process. The impoundment flows through a
limestone and refuse check dam before exiting its small hollow and joining the other two
tributaries of Rockcamp Run near its mouth

M SSR0034 was sampled seven times between June and early August. The chemical
signature of M SSR0034 remained relatively stable during the sampling period with acidity levels

on most occasions ranging from 400 to 470 mg/L.

Table 10: 2003 Water Quality Data for M SSR 0034 Hawks Mine Seep

ACIDITY METALS

Date  pH Ga,\'/:?:jtzer Acr'n[;}ITY LOADING LOADING 'ES/'I\' ALUmJ/TUM MANggA/INESE
L bg/day Ibg/day
6/11/03 310 4252 34000 17346 8652  158.00 10.20 0.82
6/2503 350 5466 44200  289.90 13891  198.00 12.00 1.07
7/103 340  37.05 44900  199.62 9359  197.00 11.40 1.39
7/9/03 325 2724 41700  136.30 60.14  173.00 9.48 0.88
7/15/03 345 2289  467.00 12829 56.87  194.00 11.30 1.00
7/22/03 350 4838 43500 25256 11187 18100 10.10 0.92
8/503 377 950 35000  39.90 1856  154.00 7.46 0.78
Ave. Vaues 342 3461 41429 17429 80.92  179.29 10.28 0.98

Peak Discharge 54.66 GPM
L owest Discharge 9.5 GPM

Hawk Station Surface Mine
The Hawk Station Surface Mineis a 1.5-acre unreclaimed surface mine adjacent to the

mainstem of Raccoon Creek. The area produces an unquantified sediment and AMD load to
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Raccoon Creek due to the amount of exposed coal refuse and mining spoils. The area also
includes approximately 140 feet of stream bank that is exposed and eroding heavily.
M SSR0039 —Railroad Seep

It isvery difficult to distinguish the individual effects of Rockcamp Run and deep mine
seep MSSR0039 on Raccoon Creek. The water from M SSR0039 discharges into the mixing zone
of the confluence of Raccoon Creek and Rockcamp. The seep is associated with the mining
complex Vn-8 and is located in Section 24, Wilkesville Twp, Vinton County, Ohio. The location
of the seep is not mapped as one of the two entries into the complex, but it is probable that the
seep originates from an unmarked entry. This entry, if it existed as such, is now completely
collapsed. As stated, the discharge volume from this seep has never risen above 10 gallons per
minute, but the concentrations of metals and acidity are very high regardless of flow conditionsin
the basin. Its close proximity to the mainstem of Raccoon Creek and its location aong the same
reach as Rockcamp Run indicate that remediation should be considered for this site.

Table 11 displays the results of sampling that took place at MSSR0039. The water
discharging from the seep is highly acidic with very high metal concentrations. The discharge
from this site does seem to decline during dry periods as it leveled off from a high of over 9
galonsin per minute on July 1st to around 4.2 gallons per minute during the last three sample
events. During 2002 sampling, even though discharge was not measured, the site did reduce in
flow to the point where no water was discharging at the surface.

Table 11: 2003 Water Quality Data for M SSR 0039 Railroad Grade Seep

Gallons METALS
pate  pH  Par ACIDITY ACIDITY GADING  1RONmgl  ALUMINUM MANCANESS
Minute Ibs/day
5/15/02 2.73 1166.00 273.00 60.70 1.35
5/29/02 2.49 1402.00 308.00 70.90 1.69
7/22/02 245 1893.00 430.00 93.60 181
7/1/03 2.36 9.50 244900 279.12 88.92 663.00 112.00 2.56
7/9/03 2.25 5.24 281800 177.25 47.45 626.00 123.00 2.89
7/15/03 2.33 4,22 2564.00 129.84 30.63 479.00 121.00 2.78
7/22/03 2.49 4.23 2289.00 116.19 29.21 455,00 116.00 2.59
8/5/03 2.56 4.22 2167.00 109.74 30.31 481.00 113.00 2.56
Ave. Values 2.46 5.48 209350 162.43 45.31 464.38 101.28 2.28

Peak Discharge 9.5 GPM
L owest Discharge 4.22 GPM
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Location/Access:

Rockcamp Run is accessible via County Road 9 (Hawk Station Rd.) in Vinton County.
County Rd. 9 crosses each of the tributaries that come together to form Rockcamp Run above its
confluence with Raccoon Creek. Each of the tributaries was sampled very near the road crossing.
The mouth to Rockcamp Run is accessible from the old railroad grade adjacent to M SSR0039.
To access the mouth and the M SSR0039 seep, turn left at the intersection of County Road 10 and
County Road 9. Travel across the mainstem of Raccoon Creek and turn right onto Clarion Rd.
Travel across the mainstem of Raccoon Creek again and immediately turn right onto the
abandoned railroad grade. The railroad grade is safe to drive on, and provides access to the
M SSR0039 discharge site. To access MSSR0030 drive past the M SSR0039 seep approximately
100 yards (the last point at which you can turn around) and park. Continue along the railroad
grade on foot to the intersection with Rockcamp Run. Thisislessthan a quarter of amile from
Rockcamp Creek’ s confluence with Raccoon Creek and where site M SSR0030 was sampled.

The Hawks Mine Discharge, MSSR0034, is not accessible from the road. To access the
site, first contact Marvin McKinney, currently the only resident living in Hawk Station. Thereis
an abandoned access road that can be traveled by four-wheel drive or on foot, but it is necessary
to receive permission from Mr. McKinney. Once on the access road, drive as far back as possible
and park. Thetributary is on the left facing up drainage. Walk toward the stream and follow it
up drainage and the seep should be evident asit is quite visible and the sound of the water
cascading from the discharge site is audible. The seep is not too hard to locate when following the
stream back to the red plume of iron precipitate.

Biological Health

Biological datais used to examine the impact that acid mine drainage has on the agquatic
community of the Raccoon Creek watershed. Macroinvertebrates are the group most frequently
used in the biological monitoring of water quality. Their relative advantages as indicators of a
stream’ s health over other groups of aquatic organisms are well documented (Rosendberg and
Resh, 1993). Macroinvertebrate and fish assessments of polluted streams provide comprehensive
data on the health of awatershed and offer water quality information not readily detected by
chemical means. Using stream biological assessments, in conjunction with chemical and physical
parameters, to examine water quality before and after AMD remediation, reclamation, or
treatments, can be of great value. It isthe biology of the stream that ultimately revealsitstrue
health both before and after AMD recovery efforts. Acid mine drainage has both direct and
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indirect impacts on the chemical, physical, biological, and ecological integrity of the stream
environment (Table 12). Specific responses of macroinvertebrates in acid mine drainage streams

include a decrease in tolerant organisms and reduction in ecosystem productivity.

Table 12: Biological responsesto habitat impairment and degradation (Rankin,

1995)

Increase in meta

Decreasein light

Acid-base balance

Chemical Physical Biological Ecological
Increased acidity | Substrate Behavioral Habitat
modification modification
Reduction in pH Turbidity Respiratory Niche loss
Destruction of Sedimentation Reproduction Bioaccumulation
buffering system | Absorption of Acute and chronic | within food chain
metals into toxicity
sediment Loss of food
source

Elimination of

concentrations penetration failurein sensitive species
organisms
Migration or Reductionin
avoidance primary
productivity
Food chain
modifications

Biological Health Assessment

The Ohio EPA uses several structural indices to measure habitat quality and assess the
health of aquatic communitiesin order to determine use designations. Indices used by the Ohio
EPA arethe Index of Biological Integrity (I1BI), the Invertebrate Community Index (ICl) and the
Qualitative Habitat Evaluation Index (QHEI).

The IBI isameasure of fish species populations and species diversity. The criteria used
to establish the index reflect the biological performance exhibited in natural or least-impacted
habitats. The IBI index isanumber that reflects total native species composition, indicator
species composition, pollutant intolerant and tolerant species composition, and fish condition.
The highest possible score is 60, with higher scores indicating healthier aquatic ecosystems.
Depending on the pollution tolerance of individual species, the IBI isageneral indicator of which

species are likely to be found in a given stream (Ohio EPA, Division of Surface Water, 2001).
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The ICl is derived from measurements of the macro-invertebrate communities living in a stream
or river. The ICl is particularly useful in evaluating stream health because alarge number of
macro-invertebrate taxa are known to be either pollution tolerant or intolerant. Like the IBI, the
ICl scaleis 0-60, with higher scores reflecting healthier macro-invertebrate communities and
therefore more biologically diverse aquatic ecosystems (Ohio EPA, Division of Surface Water,
2001).

The QHEI is a quantitative assessment of the physical characteristics and in-stream
geography of streams and rivers. The QHEI is essential in evaluating land use practices and
stream disturbance. Six variables comprise the QHEI metric: substrate type and quality, in-stream
cover, channel morphology, riparian zone, pool quality, and riffle quality. The QHEI scale is 0-
100, with higher scores reflecting less disturbed and therefore higher quality streams.

The Ohio Water Quality Standards stated in chapter 3745-1 of the Ohio Administrative
Code consist of designated uses and chemical, physical, and biological criteriafor surface waters,
and are designed to represent measurable properties of the environment. Rivers and streamsin
Ohio receive "use designations" that reflect the aquatic habitat the stream can support and how
the water is used. Water quality standards are then established to support those uses. In
applications of Ohio water quality standards to management of water resource issues, aquatic life
use criteriafrequently control protection and restoration requirements. Generally, emphasis on
protecting aguatic life resultsin attaining water quality suitable for all uses, hence the emphasis of
aguatic life uses in water quality reports and planning. The four different aquatic life uses
currently defined in the Ohio WQS which are potentially applicable to streams in the Raccoon
Creek watershed, and the intent of each with respect to the role of biological criteria, are
described in the following section. Table 13 summarizes the minimum biological criteria scores
for each habitat designation in the Western Allegheny Plateau Ecoregion, of which southeast
Ohio isamember.

Table 13: Ecoregion Biocriteria: Western Allegheny Plateau (OEPA, 1997)

LRW-
EWH WWH MWH AMD
QHEI 75 60 45 NA
ICI 46 36 30 8
IBI* 50 44 24 18
*wading and headwaters streams
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Warmwater Habitat

This designation defines the typical warmwater assemblage of aquatic organismsin
Ohio’ srivers and streams; waters so designated are capabl e of maintaining a balanced, integrated,
and adaptive community of warmwater aguatic organisms. Biological criteria are stratified across
five ecoregions for the WWH designation. This aquatic use designation represents the principal

restoration target for the majority of water resource management planning in Ohio.

Exceptional Warmwater Habitat (EWH)

This designation is for waters capable of supporting and maintaining an exceptional or
unusua community of warmwater aquatic organisms. These assemblages of organisms are
characterized by a high diversity of species, particularly those that are highly intolerant, rare,
threatened, endangered, or specia status species. Biological criteriafor EWH apply uniformly
across Ohio. The EWH designation represents a protection goal for water resource management

efforts dealing with Ohio’ s best water resources.

Modified War mwater Habitat (MWH)

This designation appliesto streams and rivers that have been found incapabl e of
maintaining a balanced, integrated, and adaptive community of warmwater organisms. Streams
and rivers designated MWH have been subjected to extensive and essentially permanent
hydrological modifications. Aquatic assemblages in these streams generally comprise species that
are tolerant of low dissolved oxygen, silt, and high nutrient concentrations. Biological criteriafor
MWH designation are stratified across five ecoregions and three major modification types-
channelization, free-flowing water impoundments, and extensive sedimentation due to mine

runoff.

Limited Resource Water (LRW)

This designation applies to waters that have been found lacking the capacity to support
any appreciable assemblage of aquatic organisms. Use attainability analysis has demonstrated that
extant organisms are substantially degraded, and that the potential for recovery to levels
characteristic of any other aquatic designation is precluded. Causative factors for the LRW
designation include extensive channel modifications, acid mine drainage, and other factors
relating to extensive urbanization. No formal biological criteriaexist for the LRW aguatic use
designation. The LRW-AMD designation applies to streams and rivers that have been subjected

to severe acid mine drainage pollution from abandoned minelands or gob piles, and where thereis
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no near-term prospect for reclamation. The representative aguatic assemblages are generally
composed of species that are tolerant to low pH, silt, metals, and overall poor habitat quality.
Summary of Middle Basin Biological Assessment, 2002

The Midwest Biodiversity Institute was contracted to perform abiological analysis of the
Middle Basin of Raccoon Creek in August and September of 2002. The specific objectives of the
biological assessment were to: eval uate the physical habitat and biological integrity of the
Raccoon Creek Middle Basin study area, especially in relation to AMD; assess impacts from
mining activities, non-point sources of pollution, and habitat alterations; determine attainment
status of aquatic life designations, and recommend changes where appropriate; and expand a
baseline of biological datafor assessing AMD impacts, and compare results of this survey with
previous surveys to assess any changes in water quality and biological integrity. The full text of
the Middle Basin 2002 report can be found in Appendix 2.

Physical habitat at assessment sites was evaluated using the Qualitative Habitat
Evaluation Index (QHEI) developed by the Ohio EPA for streams and riversin Ohio (Rankin,
1989; 1995). Biotic communities were assessed using three indices, the Index of Biotic Integrity
(IBI), the Invertebrate Community Index (I1Cl), and the Modified Index of well-being (MIwb).
Fish communities were sampled using wading method pul sed electrofishing gear as specified by
the Ohio EPA (1987).

The biological assessment report summarizes both data collected by Ohio EPA in 1995
(Ohio EPA, 1997) and new data collected in 2002. Of the 42 sites that were subjected to
biological assessment in 2002, 10 met either WWH or LRW designations; two sites were partially
attaining WWH designations; 18 were not attaining either WWH or LRW designations; and 12
sites were designated Primary Headwaters sites and were not assessed using the previously
described methods (for afull discussion of Primary Headwaters streams, see the discussion in the
full text of the Report, Appendix 2). Of the sites designated “impaired”, seven sites showed
evidence of mine effects both in the severity of biotic degradation and in existing precipitates on
stream substrates. A full list of habitat designations and habitat evaluation indices scores can be
found in Appendix Table 2 of the Middle Basin Biological Report (Appendix 2).

Middle Basin mainstem

The Middle Basin portion of the Raccoon Creek mainstem was not sampled in 2002.
Previous assessment (1995) indicated that all mainstem sites sasmpled were in full or partia
attainment of the WWH habitat designation (see table 2, Appendix 2). Fish community datawas
collected at 42 Middle Basin sitesin 2002, for atotal of 85 fish sampling sites since 1995. Of



these sites, six mainstem sites are identified as AMD impacted (Table 14.) Five of these sites

have an IBI score of 40 or greater, while only one site has a score between 30 and 40 (RM 84.1).

Table 14: AMD-impacted mainstem sites asidentified by fish community assessment

Stream segment* | mpair ment Probable Source
RM 84.1 AMD  Raccoon Creek Headwaters
RM 72.2 AMD  Unknown
Rockcamp Run/Pierce
RM 40.2 AMD  Run
Rockcamp Run/Pierce
RM 35.6 AMD  Run
RM 63.8 AMD  Unknown
RM 50.1 AMD  Rockcamp Run/Pierce Run
*Listed in order from most to least impaired based on IBI score

Macroinvertebrate sampling in the Middle Basin mainstem identified AMD-impacted
sites (Table 15). Both fish community assessment and macroinvertebrate sampling also indicated
that several small mainstem tributaries are AMD-impaired, but these streams do not affect the

mainstem water quality and are therefore not addressed in this document.

Table 15: AM D-impacted mainstem sites as identified by macroinvertebrate sampling

Stream segment* Impairment  Probable Source
RM 50.1 AMD  Rockcamp Run/Pierce Run
RM 50.1 AMD  Rockcamp Run/Pierce Run
RM 72.3 AMD  Unknown
RM 63.8 AMD  Unknown
RM 84.3 AMD  Raccoon Creek Headwaters
Rockcamp
RM 35.6 AMD  Run/Pierce Run
Rockcamp
RM 39.0 AMD  Run/Pierce Run
Rockcamp
RM 39.9 AMD  Run/Pierce Run
*Listed in order from most to least impaired based on rating

Major Tributaries: EIk Fork

According to the 2002 Middle Basin report, assessment of Elk Fork indicates a
significant improvement in most IBI scores and macroinvertebrate assemblages from 1981 to

1995 and 2002. Discussion in the report attributes the majority of the improvement to reduction in
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AMD, with secondary benefits from sewage upgrades. The data collected during the 2002 fish
community and macroinvertebrate assessments support these findings. The primary impairments
identified in 2002 were sedimentation (attributed to historical mining activities) and other land
uses in the watershed. Fish community assessments indicate that two tributaries to EIk Fork (RM
11.10, RM 10.75) are AMD-impaired.

Major Tributaries: Srongs Run, Robinson Run

Strongs Run was sampled extensively in the 1990s after the Meigs #3 Mine accident and
resulting discharge. Analysis of this sampling data indicates that approximately three years after
the accident, the stream biota returned to pre-discharge conditions. According to the 2002 fish
community and macroinvertebrate assessments, Strongs Run and Robinson Run are now largely
attaining or partially attaining the WWH aguatic life habitat designation (see Biological Report,
Appendix 2). However, macroinvertebrate assessment identified two sitesin Rockcamp Run as
AMD-impaired. Habitat quality in both streams was identified as good, with sediment metrics
showing the greatest deviation from reference levels (see Biological Report, Appendix 2).
Possible identified impacts to these streams include sedimentation and streambank erosion from

agricultural land uses.

Major Tributaries: Pierce Run

Pierce Run is currently designated LRW-AMD, and the 2002 Middle Basin report
supports this habitat designation. According to the report, Pierce Run is characterized by severe
biological degradation due to periodic mine discharges. The resulting aguatic communities
consist of few or no organisms, with small and very tolerant communities of fish and
macroinvertebrates. Narrative ratings of macroinvertebrates ranged from very poor (RM 6.44) to
poor (al other sites). Both fish community and macroinvertebrate assessments identified several
sitesin Pierce Run as AMD-impaired (Table 16).

Table 16: AMD-impaired sitesin Pierce Run

Fish Assessment M acr oinv. Assessment
Segment* I mpairment|Segment* I mpairment
RM 3.10 AMD RM 6.40 AMD
RM 6.40 AMD Tributary, RM 3.22 AMD
Tributary, RM 3.22 AMD RM 3.10 AMD
RM 5.50 AMD RM 0.70 AMD
RM 1.70 AMD RM 5.50 AMD

RM 1.70 AMD
*Listed in order from most to least impaired based on score
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The Middle Basin report also indicates that Pierce Run has experienced direct habitat
modifications that will hinder bictic recovery even if AMD is reduced. Full attainment of the
WWH designation should target habitat restoration and erosion control, in addition to the more
severe AMD impairments that currently limit aquatic assemblages. Ohio EPA (1995) reported
that Pierce Run contributed to AMD effects observed in the mainstem of Raccoon Creek, and the
2002 Middle Basin report supports this observation.
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Proposed Treatment

Treatment selection and cost

Abatement strategies for three (PR00135, Tributary PR0O015, and M SSR0034) of the four
treatment projects focus on utilizing clean water sources (acid- and debris-free) as the delivery
mechanism to mix highly alkaline water with AMD. A previous demonstration project in the
Little Raccoon Creek sub-watershed-Buffer Run, the Buckeye Furnace Reclamation Project-
proved that constructing leach beds utilizing the steal slag could provide highly alkaline water for
extended periods of time, and that this system requires little to no maintenance. Created during
the steel making process, steel slag isafinely ground by-product that has been refined through
reprocessing to eliminate remnant metals. Steel slag is not the lowest cost base material available
to treat AMD, but it can be very effective. The material is highly permeable, allowing for
efficient production of alkalinity. By using an application that does not allow clogging by the
precipitation of iron hydroxide or woody debris (common for open limestone channels), steel slag
can produce much higher alkalinity relative to limestone over a given period of time.

Table 17 provides the cost breakdown for each of the priority site projects. Treatment for
PR0135 will utilize a steel slag leach bed by creating a retention pond up drainage of the deep
mine seep. Water free from AMD degradation is currently collected approximately fifty yards up
drainage, in a sediment control structure in place for a permitted active strip mine. This pond will
need to be replaced with alarger structure but provides a good analogue for the structure needed
to employ the steel dag leach bed technique. An aerobic wetland will be constructed downstream
of the treatment mixing zone to allow for the deposition of metals before discharge into Pierce
Run. The estimated cost for constructing this project is $418,702.The project is designed to
function for 16 years before neutralizing materials will need to be replaced. The second Pierce
Run project in tributary PR0015 will also utilize the slag leach bed and gather source water
directly from the tributary upstream of the coal seam seep. A settling structure will be
constructed to separate the debris from the water before entering the leach bed. Tributary
PROO015 will have an additional Open Limestone Channel (OLC) and a downstream aerobic
wetland to reduce metal load to Pierce Run. The estimated cost of the project is $319, 425 and
the project is also designed to function for 16 years.

The location of the Hawks Mine discharge (MSSR0034) is also well suited for a steel
dag leach bed. The dischargeislocated in avalley with adequate flood plain to construct a catch
basin and aleach bed. The water directly up drainage of the discharge has a neutral pH and is
undisturbed by AMD. Downstream of the discharge there is space to construct a channel with
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enough elevation change to allow for mixing. Downstream of the treatment siteisan
impoundment that, with limited restoration work, can serve as an aerobic wetland. The Hawks
Mine Project is estimated to cost $223,684.

The MSSR0039 Railroad Seep is situated in a spot that does not allow for application of
many treatment techniques. The dischargeis located on a steep hillside that, other than for a brief
interruption by the railroad grade, falls directly in to the mainstem of Raccoon Creek. In thiscase
compl ete treatment of the water before it enters the stream is highly unlikely given the short
travel distance. It is possible, however, to eliminate some of the pollution and effectively reduce
the load reaching the stream. The chemistry of the water discharging from the site is optimum for
dissolving limestone without immediate precipitation of metals. With apH of below 3.0 and high
acidity the water will aggressively dissolve limestone and quickly discharge into the stream. The
initial reduction in acidity will occur before pH has risen to the point that iron beginsto
precipitate. This keeps the efficiency of limestone dilution high and requires little maintenance.
The project is estimated to cost $19,548.

Thefinal project isthe Hawk Station Surface Mine site, with an estimated construction
cost of $19,548. This project will employ common reclamation techniques to provide positive
drainage for surface water, by constructing adequate discharge waterways while maintaining a
stable stream bank along 140 feet of Raccoon Creek. The site will be capped to eliminate
infiltration and the production of AMD, and vegetation will be established to eliminate erosion.



Table 17: Remediation project costsfor Middle Basin priority sites

SITE PRODUCT COosT
PRO0135: Oreton Hollow  Aerobic Wetland 238,295.00
Retention Pond 7,835.00
Access and Revegetation 3,385.00
Engineering 65,379.00
Evauation and Maint. 34,336.00
Slag L eachbed 69,472.00
TOTAL 418,702.00
Cost/ton of acid removed over thelife of the project 263.90
PROO015: Highwall Seep  Aerobic Wetland 201,157.00
Open Limestone Channel 2,813.00
Access and Revegetation 5,487.00
Engineering 52,364.00
Evaluation and Maint. 29,784.00
Slag Leachbed 27,820.00
TOTAL 319,425.00
Cost/ton of acid removed over thelife of the project 452.26
MSSR0034 Hawk Mine  Aerobic Wetland 115,210.00
Access and Revegetation 15,877.00
Engineering 32,775.00
Evauation and Maint. 32,200.00
Slag Leachbed 27,612.00
TOTAL 223,684.00
Cost/ton of acid removed over thelife of the project 317.70
MSSR0039 Railroad Seep Open Limestone Channel 6,373.00
Access and Revegetation 1,987.00
Engineering 4,180.00
Evaluation and Maint. 7,008.00
TOTAL 19,548.00
Cost/ton of acid removed over thelife of the project 388.76
Hawk Surface Mine 1.5 acres* 10,000/acre* 15,000.00
Design 3,750.00
TOTAL 18,750.00
GRAND TOTAL 1,000,109.00
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Benefitsand Cost Effectiveness

The benefits of eliminating acid mine drainage problems are difficult to quantify,
although attempts have been made. Qualitatively, the benefits are ecological, aesthetic and
economic. The economic impacts may be direct or indirect. Direct economic benefits arise
from restoration activities including increased tourism, recreation opportunities and increased
property values. Indirect benefits include diversity and abundance of fish and game for anglers
and hunters, reduced erosion and siltation and consequent reduction of flood risks and
downstream sedimentation. Indirect benefits also include attributes of healthy streams and
watersheds that are difficult to quantify, but are nonethel ess important to society. These kinds of
indirect benefits include the purification of air and water, detoxification and decomposition of
wastes, regulation of climate, regeneration of soil fertility, and production and maintenance of
biodiversity (Daily et al., 1997).

In the thesis “ Determining the Value of Improved Water Quality in the Hocking River
Valley to Boaters and Fishers’ by Ohio State University graduate student Allan Sommers (2001),
an attempt was made to place a value on water quality and the subsequent improvement of water
quality to people who utilize the resource. Though the study did not occur in the Raccoon Creek
Watershed it did occur in the Southeast Ohio region in awatershed directly north and adjacent to
the Raccoon Creek Watershed.

The result of surveying fisherman showed that they do place value on the quality of water
and it isreflected in the number of fishing trips that are taken. Sommers' thesis states that the
current environmental quality provides an adjusted annual benefit of $1.45 million to fishers
traveling to the Hocking River Valley. Thisis based on a benefit of $12.45 per trip. If an
improvement in environmental quality were to occur the survey response indicated that the value
of the average annual benefit would increase by $1.3 million (p. 100). The benefit can be
trandated into awillingness to pay for the improvements. And depending on what can be done to
improve the water quality it could be viewed as awillingness to pay for reclamation or AMD
abatement.

A study conducted in Oklahoma found that 27% of those with fishing licenses fished in
streams and rivers (Fisher et al., 2002). The study authors also noted that in the sub-region of
eastern Oklahoma, stream fishing generated approximately $24 million in 1993, and that
Americans as a group spend about $24 billion on fishing and fishing-related recreation.
Improvements in the fishability of Raccoon Creek, which are shown by the Biological
Assessment to be connected to improvements in water quality, should result in increasesin visits
to the Raccoon Creek watershed. Raccoon Creek already provides substantial recreation



61

opportunities. The physical habitats of the mainstem should eventually support an improving
warmwater fishery as the habitat stressors identified in this report are abated.

While stretches of the mainstem currently do not meet warmwater habitat designation,
much of it does and all sections have good fish habitat with migrating fish populations. Thereis
a so the opportunity for both incremental and large improvementsin the quality of the stream.
The prioritized projects in this document cover those areas where the largest improvements could
be seen with reclamation efforts. The projectsin Pierce Run and the Rockcamp Run sub-basins
will directly affect areach of Raccoon Creek from approximately river mile 64 through 40, the
most degraded segment of mainstem in the study area

The cost effectiveness of reclamation can be measured by calculating pounds of acid
removed per dollar spent. In comparison with other projects that are planned in the Raccoon
Creek watershed the cost of removing one ton of acid is higher, but with adequate reason. Much
of the planned implementation for the Headwaters of Raccoon Creek AMDAT will utilize OLC's
that on average cost less than the slag |each beds planned for the Middle Basin in this document.
The severity of the problem in the Headwaters is greater, aiding the overall cost per ton reduction.
The greatest factor affecting acid-reduction costs in the Middle Basin is the additional prescribed
step of constructing wetlands for metal/suspended solid retention. Most other projectsin the
basin have not included this step, as a number of constraints hinder wetland construction.
Wetlands are expensive to build and require space, which can be limited on project sites. Inthe

Middle Basin, project sites have ample space to create wetland areas.

The benefit of reducing the suspended solid/metals oad to the mainstem of the Raccoon
Creek Middle Basin will be seen in significant improvement in the habitat along this reach. Table
18 provides the summary of the average cost of one ton of acid per project with and without the
wetland. The cost of the wetland significantly increases the average cost of removal of pollution.
Without the additional wetland cost these projects are in line with, if not lower than, other

projects that have employed slag |each beds.

Table 18: Cost Effectiveness of Priority Site Projects

WITHOUT
WITH WETLAND WETLAND
Site project cost cost/ton | project cost cost/ton

PRO135 418,702.00 263.90 180,407.00 113.71
PRO015 319,425.00 452.26) 118,268.00 167.45
MSSR0034| 223,684.00 317.70] 108,474.00 154.07
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Funding Opportunities

There are various existing funding sources, which are dedicated to AMD remediation and

others that can be adapted to assist in the watershed restoration.

Ohio Department of Natural Resources, Division of Mineral Resources M anagement

1)

2)

3)

Federally Funded Abandoned Mine Land Program: Federal excise taxes on coal are
returned to the State of Ohio for reclamation of abandoned mine land sites that adversely
affect the public’s health and safety, and general welfare.

Acid Mine Drainage Set-Aside Program: Up to ten percent of Ohio’s federal excise tax
monies are set aside for acid mine drainage abatement. Priority is given to leveraging
these funds with watershed restoration groups and other government agencies.

State Abandoned Mine Land Program: State excise taxes on coal and industrial minerals
are dedicated to reclamation projects that improve water quality in impacted streams.

Priority is given to leveraging these funds with other partners.

Office of Surface Mining (OSM), Reclamation and Enforcement

1)

2)

Natura

Appalachian Clean Streams Initiative: The mission of the ACSI isto facilitate and
coordinate citizens groups, university researchers, the coal industry, corporations, the
environmental community, and local, state, and federal government agencies that are
involved in cleaning up streams polluted by acid mine drainage. OSM provides funds for
ACSI projects on an annual basis.

Direct Grants to Watershed Groups. A grant process for directly funding citizen
watershed groups efforts to restore acid mine drainage impacted streams on a project

basis.

Resource Conservation Services

1)

2)

Forestry Incentives Program (FIP) aidesin tree planting, timber stand improvement, site
preparation for natural regeneration, and other related activities.

Wetland Reserve Program This program is a voluntary program to restore wetlands.
Participating landowners can establish conservation easements of either permanent or 30-
year duration, or can enter into restoration cost-share agreements where no easement is
involved. In exchange for establishing a permanent easement, the landowner receives
payment up to the agricultural value of the land and 100 percent of the restoration costs

for restoring the wetlands. The 30-year easement payment is 75 percent of what would
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be provided for a permanent easement on the same site and 75 percent of the restoration
cost. The voluntary agreements are for a minimum ten year duration and provide for 75
percent of the cost of restoring the involved wetlands.

Rura Abandoned Mine Program (RAMP): This program provides technica and
financial assistance to land users who voluntarily enter into five to ten year contracts for
reclamation of up to 320 acres of eligible abandoned coa-mined lands and waters. This

program is not currently funded on afedera level.

Environmental Protection Agency

1)

2)

EPA Section 319 Non-point Source Grant Program: Funding is available for planning,
education and remediation of watershed pollution problems including acid mine
drainage.

Office of Water -Watershed Protection and Flood Prevention/PL566 Program: This
program provides technical and financial assistance to address resource and related
economic problems on awatershed basis that address watershed protection, flood
prevention, water supply, water quality, erosion and sediment control, wetland creation
and restoration, fish and wildlife habitat enhancement, and public recreation. Technical
assistance and cost sharing with varied amount are available for implementation of
NRCS-authorized watershed plans.

United States Army Corps of Engineers

1)

Section 905b-Water Resource Development Act (86): Recent additions to the Army
Corps conventional mission include a habitat restoration grant program for the
completion of feasibility studies and project construction where a Federal interest can be

verified. A principal non-Federal sponsor must be identified for this cost-share program.

United States Fish and Wildlife Service

1)

2)

3)

Partners for Fish and Wildlife Program: This program assists private landowners by
providing technical and financial assistance to establish self-sustaining native habitats.
Clean Water Action Plan Fund: The purpose of this fund isto restore streams, riparian
areas and wetlands resulting in direct and measurable water quality improvements.

Five Star Challenge Restoration Grants: The purpose of this program isto provide
modest financial assistance to support community-based wetland and riparian restoration

projects that build diverse partnerships and foster local natural source stewardship
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Lindbergh Foundation

1) Lindbergh Grants: This program financially assists organizations that are making
significant contributions toward the balance between technology and nature through the
conservation of natural resources. The Lindbergh Grants provides a maximum grant of
$10,580. The program is considered a provider of seed money and credibility for pilot
projects that subsequently receive larger sums from other sources.

Turner Foundation

1) Water/Toxins Program: The program wants to protect rivers, lakes, wetlands, aquifers,
oceans and other water systems from contamination, degradation, and other abuses; to
stop the further degradation of water-dependent habitats from new dams, diversions and
other large infrastructure projects; to reduce wasteful water use via conservation; to
support efforts to improve public policies affecting water protection, including initiatives
to secure pollution prevention and habitat protection.

The Acorn Foundation

1) The Acorn Foundation supports projects dedicated to building a sustainable future for the
planet and to restoring a healthy global environment. The Acorn Foundation funds
community-based projects which: preserve and restore habitats supporting biological
diversity and wildlife; advocate for environmental justice, particularly in low-income and

indigenous communities; and prevent or remedy toxic pollution.
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Future Monitoring

Pre-construction monitoring

All proposed treatment options require intense, short-term, pre-design water quality
sampling. Each site selected for treatment should receive monthly sampling for six months
capturing high and low flows before entering into a design phase. Parameters for analysis should
be determined by the project design steering committee. They should include at a minimum
ODNR Group | and possibly Group 1l filtered samples.

Post-construction monitoring
Performance of the AMD projects must be monitored for two years on a quarterly basis
post construction for ODNR group | parameters. The monitoring needs to be done at the

discharge of the treatment site.

L ong-term water shed monitoring

L ong term monitoring for both biological and chemical parametersis necessary to
develop abase of information to understand the effectiveness of the proposed AMD treatment
and abatement strategies. Macroinvertebrate and fish assessment should be duplicated every
three to five years while restoration activities are occurring. A shorter frequency on the tributary
sites (three years) and a longer (five year) frequency on the mainstem sites would be sufficient to
develop the needed information. Water quality samples analyzed for ODNR group Il parameters

should be collected during these assessments.

Water chemistry long-term sampling should be wrapped into a combined monitoring plan
with the Little Raccoon Creek and Headwaters of Raccoon Creek AMDAT’s. The Headwaters
long-term management plan includes quarterly sampling for ODNR group | parameters and
stream discharge at seven mainstem sites and four selected tributaries. The Middle Basin strategy
should mirror this approach. Mainstem sites to sample include; MSEF0010, M SPR0O015,

M SPR0130, M SSR0020, M SSR0040, MSLR0050. The tributaries to be monitored by collecting
mouth samplesinclude Elk Fork at site EF0010, Pierce Run at site PRO010, Strongs Run at site
SR0040 and Rockcamp Run at MSSR0030. The Rockcamp and Pierce Run tributaries are both
priority sitesfor AMD abatement. |f post implementation monitoring suggests these tributaries

are longer degrading the mainstem they could be removed from the long-term site list.
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SiteID

MSEF0010
MSEF0010
MSEF0010
MSEF0160
MSEF0160
MSEF0160
EF0010
EF0010
EF0010
EF0010
EF0010
EF0130
EF0130
EF0229
EF0229
EF0250
EF0250
EF0260
EF0260
EF0370
EF0370
MSPRO015
MSPR0015
MSPR0015
MSPR0130
MSPR0130
MSPRO0130
MSPR0130
MSPR0130
PRO010
PR0010
PR0010
PR0010
PR0010
PRO010

SAMPLE
DATE

4/1/2002
4/8/2002
8/6/2002
4/1/2002
4/8/2002
8/6/2002
3/13/2002
4/1/2002
4/8/2002
8/6/2002
9/3/2002
3/13/2002
9/3/2002
3/14/2002
9/3/2002
3/14/2002
9/3/2002
3/14/2002
9/13/2002
3/14/2002
9/3/2002
4/1/2002
4/8/2002
8/6/2002
4/1/2002
4/8/2002
5/22/2002
71222002
8/6/2002
4/1/2001
4/8/2002
5/1/2002
5/22/2002
5/29/2002
6/20/2002

pH

6.09
6.08
6.8
6.44
6.28
7.01
6.64
6.67
6.42
7.2
7.05
6.52
6.93
6.46
7.01
6.4
8.01
6.6
741
6.41
7.17
6.6
6.27
7.09
6.51
6.18
5.8
6.91
6.9
5.83
4.73
6.49
6.38
6.33
5.96

COND.

mS/cm

258
313
420
255
293
377
411
309
316
462
849
455
1170
459
690
376
796
408
548
210
275
254
305
410
269
301
469
369
352
485
649
430
221
899
1170

DISCHARGE ACIDITY ALK.

ft3/sec.

168.6
167.08

mg/I

4.99
4.95
5.35
3.22
6.69
2.12
10.3
3.72
4.03
4.87
577
7.86
5.85
8.22
4.45
7.52
3.95
7.6
7.18
4.59
6.71
354
4.05
4.09
4.22
4.83
11.3
3.45
4
10
31.4
9.03
4.13
8.6
11.8

mg/I

122
14.4
20.2
16
19.8
30.8
31.6
22.6
28
57.7
55.3
32.9
535
38.7
58.7
32
191
49.1
112
19
86.6
16.4
195
39.2
16
19.2
7.77
29
39
7.2
1.58
174
19.7
50.5
16.7

ACIDITY
LOADING

-6542.99
-8498.45
0.00
0.00
0.00
0.00
-2854.71
-12062.47
-6296.10
-121.14
-8.00
-1522.58
0.00
-1634.02
-103.66
-320.41
0.00
-163.06
0.00
-47.31
0.00
-23361.38
0.00
0.00
0.00
0.00
0.00
0.00
0.00
172.86
974.27
-386.54
-816.27
-956.46
-3431

IRON ALUMINUM MANGANESE

mg/I

0.47
0.381
0.704
0.525
0.454
0.435
0.463
0.542
0.644
0.501
0.613
0.484

0.43

0.68

0.67
0.433

0.46

0.45
0.253
0.249
0.179
0.533
0.535
0.497
0.617
0.792

3.75

1.22

1.74

2.68

3.44

1.65
0.983

212

1.86

mg/I

0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.276
0.25
0.25
0.25
0.25
0.25
0.294
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.328
0.25
0.25
0.294
0.261
1.04
0.25
0.25
0.625
1.07
0.25
0.378
0.703
0.404

mg/|
0.904

0.596
0.711
1.03
0.336
0.67
0.603
0.676
0.289
0.87
0.845
122
0.794
1.32
0.461
0.329
0.392
0.615
0.123
0.522
0.71
1
0.312
0.709
1
147
0.484
0.516
147
2.27
0.967
0.549
26.3
213

69

METALS
LOADING
Ibs/day
1476.99
568.71
0.00
0.00
0.00
0.00
185.76
909.87
413.29
2.39
0.28
96.22
0.00
94.99
4.29
15.43
0.00
4.30
0.00
2.05
0.00
2860.12
0.00
0.00
0.00
0.00
0.00
0.00
0.00
205.44
222.00
132.69
100.35
666.25
30.84



SiteID

PRO010
PRO010
PRO010
PRO010
PR0O015
PR0O015
PR0O015
PR0O015
PRO015
PRO015
PRO015
PRO015
PR0016
PR0016
PR0016
PR0016
PRO016
PRO016
PRO016
PROO17
PR0O017
PR0O017
PR0O017
PR0O017
PROO17
PROO17
PRO040
PRO050
PR0O060
PR0O060
PR0O060
PR0O060
PRO0O70
PRO090

SAMPLE
DATE

71222002
8/6/2002
8/13/2002
3/18/2003
3/18/2003
6/11/2003
6/25/2003
7/1/2003
7/9/2003
7/15/2003
7/22/2003
8/5/2003
6/11/2003
6/25/2003
7/1/2003
7/9/2003
7/15/2003
7/22/2003
8/5/2003
6/11/2003
6/25/2003
7/1/2003
7/9/2003
7/15/2003
7/22/2003
8/5/2003
3/18/2003
3/18/2003
5/1/2002
5/22/2002
6/20/2002
8/13/2002
3/17/2003
5/1/2002

pH

4.43
3.37
3.87
5.68
3.71
3.79
3.08
293
35
3.66
3.62
6.46
244
241
2.46
2.36
247
2.58
24
7.04
6.98

6.56
6.89
6.96
6.94
6.71
7.08
6.42
6.34
6.63
4.06
6.65
6.22

COND.

mS/cm

1120
1450
1370
588
451
549
922
1260
649
77
779
389
3280
3310
2940
3230
3330
3050
3350
338
429
440
469
420
483
385
199
218
435
555
1680
1530
119
559

DISCHARGE ACIDITY ALK. ACIDITY
ft3/sec.

0.264
0.186
0.223
10.79
1.681
0.432
0.38
0.137
0.331
0.204
0.122
101
0

O OO oo

0.432
0.38
0.137
0.331
0.204
0.122
101
0.108
0.137
8.498

1.498
6.505

mg/I

374
84.6
36.5
15
46.3
545
161
293
80
97.8
120
10.4
1987
1875
1846
1867
1950
1964
1944
2.96
5.82
8.68
8.58
7.68
8.67
6.61
345
4.02
9.55
11.6
4.89
35.9
4.99
14

mg/I

0
0
0
4.49
0

N
Boooooo

[cNeoNeolNeolNolNolNol

40
47.5
56.7
69.4
55.4

70
63.3
16.4
26.8
10.8
14.9
30.1

0
12.9
6.48

IRON ALUMINUM MANGANESE

LOADING mgl/l

53.14
84.70
43.81
610.39
418.92
126.73
329.30
216.06
142.53
107.39
78.80
-177.22
0.00
0.00
0.00
0.00
0.00
0.00
0.00
-86.13
-85.25
-35.41
-108.36
-52.40
-40.27
-308.18
-7.53
-16.80
-57.18
0.00
0.00
0.00
-63.78
263.30

3.26
8.13
4.38
7.17
16.5
20.7
32
68.1
191
22.7
263
537
513
459
443
420
408
458
432
0.497
0.648
147
122
0.813
1.68
0.891
0.05
0.057
3.98
571
233
0.902
0.208
8.01

mg/I

1.16
4.67
1.87
1.16
311
3.92
9.73
16.7
5.67
6.33
8.49
122
87
86.3
85.2
85.8
93.2
954
931
0.25
0.25
0.347
0.25
0.25
0.25
0.25
0.25
0.025
1.07
112
0.25
1.18
0.25
3.07

mg/|

3.2
5.22
5.75
1.52

0.496
0.635
112
1.73
1.65
1.26
225
0.925

24
241
2.34
241
2.55
261

2.6

0.537
0.791
0.96
1.76
1.16
2.58
1
0.05
0.05
1.16

15
233
222

0.074
1.57

70

METALS
LOADING
Ibs/day
10.85
18.08
14.44
573.31
182.32
58.85
87.84
63.95
47.17
33.33
193.48
40.94
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.99
3.46
2.05
5.77
2.45
2.97
11.66
0.20
0.10
284.67
0.00
0.00
0.00
4.30
443.89



SiteID

PR0O090
PR0O090
PRO090
PRO112
PRO115
PR0120
PR0130
PR0130
PR0130
PR0130
PRO130
PRO135
PRO135
PRO135
PR0O135
PR0O135
PR0O135
PR0O135
PRO135
PRO135
PRO135
PRO137
PR0140
PR0140
PR0140
PR0140
PR0140
PRO150
PR0160
PR0170
PR0170

PRO170
PRO170

SAMPLE
DATE

5/22/2002
6/20/2002
8/13/2002
3/18/2003
3/17/2003
3/17/2003
3/17/2003
5/1/2002
5/22/2002
6/20/2002
8/13/2002
3/17/2003
5/1/2002
5/22/2002
6/20/2002
8/13/2002
6/25/2003
7/1/2003
7/9/2003
7/15/2003
7/22/2003
3/17/2003
3/17/2003
5/22/2002
5/1/2002
6/20/2002
8/13/2002
3/18/2003
3/18/2003
5/1/2002
5/22/2002

6/20/2002
8/13/2002

pH

6.29
6.75
452
6.75
6.6
6.29
5.91
4.25
5.37
5.65
5.77
estimate
477
3.87
2.65
2.38
431
4.24
419
4.36
4.38
estimate
7.02
6.34
6.81
7.42
7.54
6.73
7.57
6.75
6.24

6.44
6.65

COND.
mS/cm

674
1450
1560

194

166

968
1000

851

756

963
1670

1880
2790
3300
4490
3570
3550
3190
3630
3440

936
645
556
1570
1510
215
1290
1020
1150

1730
1820

DISCHARGE
ft3/sec.

7.29
0

ACIDITY ALK.
mg/| mg/|
141 16.4
4.01 41.7
25.3 0

4.8 16.1
4.29 6.66
25 16.7
349 15.3
57 0
25.9 124
135 29.2
448 19.8
205.5 0
241 1.18
860 0
1015 0
1160 0
1003 0
1108 0
910 0
1195 0
1111 0
59.85 0
9.69 56.7
5.03 40.7
6.85 331
1.69 146
6.47 106
5.82 21.8
9.73 185
14.2 50
14.8 60.7
11.2 63.8
22 35

ACIDITY

IRON ALUMINUM MANGANESE

LOADING mg/l

-90.25
0.00
0.00

-63.86
-9.25

223.86

447.73

1276.30

311.73
0.00
0.00

133.84
0.00
0.00
0.00
0.00

446.47

304.75

349.23

610.40

426.37

48.97

-1043.25
-940.77
-528.14

0.00
0.00
-11.78
-312.26
-268.23
-442.23

-123.16
0.00

9.65
2.67
215
0.359
0.518
15.8
18.9
18
12.3
18.2
14.6

163
409
324
215
443
494
384
448
396

7.06
3.94
281
1.36
0.907
0.17
0.838
111
15.9

19.3
13.6

mg/I

2.39
0.529
0.498
0.389

0.25

3.64

4.33

4.77

3.27

5.86

3.7

39.9
40.1
43.5
53.8
39.1
42.7
32.3
371
41.5

141
0.713
0.561
0.334

0.25

0.25
0.363

1.83

31

2.06
0.595

mg/|

1.75
249
2.09
0.136
0.286
2.67
2.7
1.95
204
249
1.68

222
4.59
594
6.98
6.61
6.88
6.04
6.37
6.48

2.28
177
151
181
0.951
0.05
1.63
344
4.15

5.41
4.94

71

METALS
LOADING
Ibs/day
542.28
0.00
0.00
5.01
4.12
597.65
593.62
554.72
407.52
0.00
0.00
0.00
0.00
0.00
0.00
0.00
218.02
149.84
162.44
251.59
170.76
0.00
239.09
169.77
98.42
0.00
0.00
0.35
5.05
122.92
223.53

62.82
0.00



SiteID

PR0180
PR0190
MSSR0010
MSSR0010
MSSR0020
MSSR0020
MSSR0020
MSSR0020
MSSR0020
MSSR0030
MSSR0030
MSSR0030
MSSR0030
MSSR0030
MSSR0030
MSSR0030
MSSR0030
MSSR0031
MSSR0031
MSSR0031
MSSR0031
MSSR0032
MSSR0032
MSSR0032
MSSR0032
MSSR0033
MSSR0033
MSSR0033
MSSR0034
MSSR0034
MSSR0034

MSSR0034

SAMPLE
DATE

3/18/2003
3/18/2003
4/1/2002
4/8/2002
5/15/2002
5/29/2002
7/22/2002
8/6/2002
8/20/2002
4/1/2002
4/8/2002
4/2/2003
5/15/2002
5/29/2002
7/22/2002
8/6/2002
8/20/2002
4/2/2003
5/15/2002
5/29/2002
8/20/2002
4/2/2003
5/15/2002
5/29/2002
8/20/2002
4/2/2003
5/15/2002
5/29/2002
6/11/03
6/25/03
7/1/03

7/9/03

pH

6.73
6.94
6.23
5.28
6.62
6.22
6.58
6.81
6.53
349
2.63
4.79
6.46
3.05
291
3.79

293
31
277
2.78
6.98
6.9
5.89
4.44
534
5.63
6.45
3.10
3.50
3.40

3.25

COND.
mS/cm

1350
1340
369
546
268
334
513
366
478
569
1200
763
398
906
1490
587
1390
1690
1350
1720
2060
728
390
559
584
406
304
394
1130.00
1820.00
1750.00

1670.00

DISCHARGE ACIDITY ALK.

ft3/sec.

0.355
0.488
0

O OO oo

o

6.84
7.11
1.602
231
0.223
0.082
0.0511
0.27
0.137
0.884
0.0827
0.207
0.717
1.004
0.108
0.038
0.0949
021
0.0207
0.09
0.12
0.08

0.06

mg/|

27.3
119
8.04
119
4.44
5.79
3.28
6.83
8.78
77.8
148
36.9
7.24
84.2
198
39
193
329
238
358
320
7.75
6.69
14.9
32
21
15
7.95
340.00
442.00
449.00

417.00

mg/|

55.4
74.7
14
4.06
205
19.5
21.8
355
24.9
0
0
1.84
30

[cNeolNeolNeolNolNolNo

69.4
47.4
21.3

4.48
9.15
65.1
0.00
0.00
0.00

0.00

ACIDITY
LOADING

-53.69
-164.95
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2864.31
5663.89
302.31
-282.99
101.06
87.39
10.73
280.48
242.61
1132.43
159.36
356.54
-237.92
-220.00
-3.72
6.55
8.44
6.61
-6.37
173.67
290.25
199.86

136.47

IRON ALUMINUM MANGANESE

mg/I|

26.4
11.8
174
3.24
195
1.42
171
2.07
1.58
19.7
45.6
135
233
17.7
28.8
2
195
735
65.4
77.3
41.4
0.221
0.685
0.59
0.237
8.66
9.31
1.83
158.00
198.00
197.00

173.00

mg/I

4.43
0.677
0.475

1.02

11
0.367

0.25

0.25
0.376

4.35

6.9

2.52

115

4.07

7.63

2.29

9.75

111

7.49

131

139
0.341

1.02

2.93

1.08

1.9

213
0.497
10.20
12.00
11.40

9.48

mg/|

4.57
4.85
1.08
212
0.796
0.933
0.743
0.533
12
134
2.78
1.82
0.945
251
561
4.08
8.04
4.68
2.29
4.72
111
1.08
0.859
534
3.96
0.295
0.329
0454
0.82
1.07
1.39

0.88

72

METALS
LOADING
Ibs/day
67.79
45.61
0.00
0.00
0.00
0.00
0.00
0.00
0.00
936.81
2120.17
154.17
55.14
29.21
18.60
231
54.31
65.98
358.50
42.43
74.14
6.35
13.89
5.16
1.08
5.56
13.33
0.31
86.52
138.91
93.59

60.14



SiteID

MSSR0034
MSSR0034
MSSR0034
MSSR0039
MSSR0039
MSSR0039
MSSR0039
MSSR0039
MSSR0039
MSSR0039
MSSR0039
MSSR0040
M SSR0040
M SSR0040
MSSR0040
MSSR0040
MSSR0040
MSSR0040
SR0040
SR0040
SR0040
MSLR0050
MSLR0050
MSLR0050

SAMPLE
DATE

7/15/03
7/22/03
8/5/03
5/15/2002
5/29/2002
7/22/2002
7/1/2003
7/9/2003
7/15/2003
7/22/2003
8/5/2003
4/1/2002
4/8/2002
5/15/2002
5/29/2002
7/22/2002
8/6/2002
8/20/2002
4/1/2002
4/8/2002
8/6/2002
4/1/2002
4/8/2002
8/6/2002

pH

345
3.50
3.77
2.73
2.49
245
2.36
2.25
233
249
2.56
6.31
6.07
6.69
6.16
6.54
6.81
6.48
7.05
6.74
7.31
6.55
6.32
7.09

COND.
mS/cm

2080.00
1270.00
1380.00
2490
3080
2640
3760
4410
3730
3730
3620
274
332
269
335
505
379
474
228
231
242
260
314
421

ft3/sec.

0.05
011
0.02
0
0
0
0.02
0.01
0.01
0.01
0.01

186

O O oo

o

12.2
5.6
0.0335

204.6

mg/|

467.00

435.00

350.00
2.73
1402
1893
2449
2818
2564
2289
2167

4.3
6.18
5.88
4.35
5.69
4.9

10.2
2.77
534
7.31
4.38
5.76
3.82

DISCHARGE ACIDITY ALK.

mg/|

0.00

0.00

0.00
0

[oNeolNeololNolNolNol

14
15.2
213
185
195
33.9
216
49.6
55.5
99.2
321
191
311

ACIDITY
LOADING

128.45
252.87
39.95
0.00
0.00
0.00
279.45
177.46
130.00
116.33
109.87
0.00
-9030.32
0.00
0.00
0.00
0.00
0.00
-3075.16
-1511.92
-16.57
0.00
-14690.79
0.00

IRON ALUMINUM MANGANESE

mg/I|

194.00
181.00
154.00
273
308
430
663
626
479
455
481
121
144
201
1.46
245
214
19
0.531
0.898
267
164
0.602
0.225

mg/I

11.30
10.10
7.46
60.7
70.9
93.6
112
123
121
116
113
0.469
0.529
1.13
0.493
0.368
0.434
0.449
0.29
0.25
0.25
0.343
0.25
0.25

mg/|

1.00
0.92
0.78
135
1.69
181
2.56
2.89
2.78
2.59
2.56
0.762
11
0.804
0.895
0.761
0.539
125
0.154
0.19
1.62
0.6
0.938
0.339

73

METALS
LOADING
Ibs/day
56.87
111.87
18.56
0.00
0.00
0.00
88.92
47.45
30.63
29.21
30.31
0.00
3079.24
0.00
0.00
0.00
0.00
0.00
64.17
40.42
0.82
0.00
1975.57
0.00



PR0135 Oreton Seep

SiteID

PR0O135
PR0O135
PR0O135
PRO135
PRO135

SAMPLE
DATE

6/25/2003
7/1/2003
7/9/2003

7/15/2003

7/22/2003

pH

431
4.24
4.19
4.36
4.38

COND. Gdlonsper ACIDITY ALK.

mS/cm

3570
3550
3190
3630
3440

Minute

37.0496
22.8928
31.9424
42.5152
31.9424

mg/|

1003
1108
910
1195
1111

mg/|

O O O o

Net
Loading

445.92899
304.38267
348.81101
609.66797
425.85608

IRON mg/l

443
494
384
448
396

ALUMINUM MANGANESE

mg/|

39.1
42.7
32.3
371
415

mg/|

6.61
6.88
6.04
6.37
6.48

74

METALS
LOADING Ibg/day

218.02
149.84
162.44
251.59
170.76



PRO0O015 SR 32 Coal Seam Seep

SiteID SAMPLE pH COND. Garl)Ie(:ns ACIDITY  ALK. Net IRON  ALUMINUM MANGANESE METALS
DATE mS/cm minute mg/| mg/| Loading mgl/l mg/| mg/| LOADING Ibs/day

PR0O015 6/11/2003 3.79 549  193.536 54.5 0 126.57254 20.7 3.92 0.635 58.85
PR0015 6/25/2003 3.08 922  170.24 161 0 328.90368 32 9.73 112 87.84
PR0O015  7/1/2003 2.93 1260 61.376 293 0 21579802 68.1 16.7 1.73 63.95
PRO015  7/9/2003 35 649  148.288 80 0 14235648 19.1 5.67 1.65 47.17
PRO015 7/15/2003 3.66 777 91.392 97.8 0 107.25765 22.7 6.33 1.26 33.33
PRO015  7/22/2003 3.62 779  54.656 120 0 78.70464 263 8.49 225 193.48
PRO015  8/5/2003 6.46 389 45248 10.4 43  -177.0102 5.37 122 0.925 40.94
PR0O016 6/11/2003 244 3280 0 1987 0 0 513 87 24 0
PR0016 6/25/2003 241 3310 0 1875 0 0 459 86.3 241 0
PR0O016  7/1/2003 2.46 2940 0 1846 0 0 443 85.2 2.34 0
PR0O016  7/9/2003 236 3230 0 1867 0 0 420 85.8 241 0
PR0O016  7/15/2003 247 3330 0 1950 0 0 408 93.2 2.55 0
PR0016  7/22/2003 258 3050 0 1964 0 0 458 95.4 2.61 0
PR0016  8/5/2003 24 3350 0 1944 0 0 432 93.1 26 0
PR0017 6/11/2003 7.04 338 193.536 2.96 40  -86.02288 0.497 0.25 0.537 2.99
PR0017 6/25/2003 6.98 429  170.24 5.82 475 -85.14724 0.648 0.25 0.791 3.46
PRO017  7/1/2003 7 440  61.376 8.68 56.7 -35.36731 147 0.347 0.96 2.05
PRO017  7/9/2003 6.56 469  148.288 8.58 69.4 -108.2265 1.22 0.25 1.76 5.77
PRO017  7/15/2003 6.89 420  91.392 7.68 554  -52.33471 0.813 0.25 1.16 2.45
PRO017  7/22/2003 6.96 483  54.656 8.67 70  -40.22463 1.68 0.25 2.58 2.97

PRO017  8/5/2003 6.94 385 45248 6.61 63.3 -307.8131 0.891 0.25 1 11.66



M SSR0039 Railroad Grade Seep

Site ID

MSSR0039
MSSR0039
MSSR0039
MSSR0039
MSSR0039
MSSR0039
MSSR0039
MSSR0039

SAMPLE
DATE

5/15/2002
5/29/2002
71222002
7/1/2003
7/9/2003
7/15/2003
7/22/2003
8/5/2003

2.73
249
245
2.36
2.25
233
249
2.56

COND. Gallonsper ACIDITY  ALK.

mS/cm

2490.00
3080.00
2640.00
3760.00
4410.00
3730.00
3730.00
3620.00

Minute

0.00
0.00
0.00
9.50
524
4.22
4.23
4.22

mg/I|

166.00
1402.00
1893.00
2449.00
2818.00
2564.00
2289.00
2167.00

mg/|

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

ACIDITY
LOADING

0.00

0.00

0.00
279.12
177.25
129.84
116.19
109.74

IRON
mg/|

273.00
308.00
430.00
663.00
626.00
479.00
455.00
481.00

ALUMINUM
mg/|

60.70

70.90

93.60
112.00
123.00
121.00
116.00
113.00

MANGANESE
mg/|

1.35
1.69
181
2.56
2.89
2.78
2.59
2.56

76

METALS
LOADING
Ibs/day
0.00
0.00
0.00
88.92
47.45
30.63
29.21
30.31



M SSR 0034 Hawks Mine Seep

Site ID

MSSR0034
MSSR0034
MSSR0034
MSSR0034
MSSR0034
MSSR0034
MSSR0034

SAMPLE

DATE

6/11/03
6/25/03
7/1/03
7/9/03
7/15/03
7/22/03
8/5/03

pH

3.10
3.50
3.40
3.25
345
3.50
3.77

COND.
mS/cm

1130.00
1820.00
1750.00
1670.00
2080.00
1270.00
1380.00

Gallons
Per
Minute
4252
54.66
37.05
27.24
22.89
48.38
9.50

ACIDITY
mg/|

340.00
442.00
449.00
417.00
467.00
435.00
350.00

ALK. mg

0.00
0.00
0.00
0.00
0.00
0.00
0.00

/1

ACIDITY
LOADING

173.46
289.90
199.62
136.30
128.29
252.56
39.90

IRON mg/l

158.00
198.00
197.00
173.00
194.00
181.00
154.00

ALUMINUM  MANGANESE

mg/I|

10.20
12.00
11.40
9.48
11.30
10.10
7.46

mg/|
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1.07
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LOADING
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93.59
60.14
56.87
111.87
18.56
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Forward

This report generally follows the format used in Ohio EPA Technical Support Documents
(“TSDs") and the purpose of an Ohio EPA TSD and this report are generally similar.
Those familiar with a TSD should be able to use this report without much difficulty.
There are some differences, however, in that afocus of this report isidentifying waters
affected by acid mine drainage (AMD) and other mine related stressors. This cannot be
completely accomplished without an assessment of other stressorsto aid in the process of
discriminating among the various causes of impairment. We are also interested in
generating useful endpoints for other watershed restoration efforts. In the Western
Allegheny Plateau (WAP) ecoregion this typically includes understanding the effects of
fine sediments on aquatic life and attainment of aquatic life uses. To accomplish thiswe
will use data from this report and reference data from the WAP ecoregion to generate
sediment endpoints for TMDL efforts.

The major objectives of abiosurvey are typically to: 1) determine the extent to which use
aguatic life use designations are either attained or impaired; 2) determine the appropriate
and attainable aquatic life use designation; and 3) determine the stressors responsible for
any impairments or threats. The following discussion on the hierarchy of indicatorsis
taken from Ohio EPA:

Hierarchy of Indicators
A carefully conceived ambient monitoring approach, using cost-effective
indicators comprised of ecological, chemical, and toxicological measures,
can ensure that all relevant pollution sources are judged objectively on the
basis of environmental results. Ohio EPA relies on a tiered approach in
attempting to link the results of administrative activities with true
environmental measures. This integrated approach is outlined in Figure 1
and includes a hierarchical continuum from administrative to true
environmental indicators. The six “levels’ of indicators include: 1) actions
taken by regulatory agencies (permitting, enforcement, grants); 2)
responses by the regulated community (treatment works, pollution
prevention); 3) changes in discharged quantities (pollutant loadings); 4)
changes in ambient conditions (water quality, habitat); 5) changes in
uptake and/or assimilation (tissue contamination, biomarkers, wasteload
alocation); and, 6) changes in health, ecology, or other effects (ecological
condition, pathogens). In this process the results of administrative
activities (levels 1 and 2) can be linked to efforts to improve water quality
(levels 3, 4, and 5) which should trand ate into the environmental “results’
(level 6). Thus, the aggregate effect of billions of dollars spent on water
pollution control since the early 1970s can now be determined with
quantifiable measures of environmental condition. Superimposed on this
hierarchy is the concept of stressor, exposure, and response indicators.
Stressor indicators generally include activities which have the potential to
degrade the aguatic environment such as pollutant discharges (permitted
and unpermitted), land use effects, and habitat modifications. Exposure



indicators are those which measure the effects of stressors and can include
whole effluent toxicity tests, tissue residues, and biomarkers, each of
which provides evidence of biological exposure to a stressor or
bioaccumulative agent. Response indicators are generally composite
measures of the cumulative effects of stress and exposure and include the
more direct measures of community and population response that are
represented here by the biological indices which comprise Ohio's
biological criteria. Other response indicators could include target
assemblages, i.e, rare, threatened, endangered, special status, and
declining species or bacterial levels which serve as surrogates for the
recreational uses. These indicators represent the essential technical
elements for watershed-based management approaches. The key, however,
is to use the different indicators within the roles which are most
appropriate for each. Describing the causes and sources associated with
observed impairments revealed by the biological criteria and linking this
with pollution sources involves an interpretation of multiple lines of
evidence including water chemistry data, sediment data, habitat data,
effluent data, biomonitoring results, land use data, and biological response
signatures within the biological data itself. Thus the assignment of
principal causes and sources of impairment represents the association of
impairments (defined by response indicators) with stressor and exposure
indicators. The principal reporting venue for this process on a watershed
or subbasin scale is a biological and water quality report. These reports
then provide the foundation for aggregated assessments such as the Ohio
Water Resource Inventory (305[b] report), the Ohio Nonpoint Source
Assessment and other technical bulletins.

Ohio Water Quality Standards: Designated Aquatic Life Use

The Ohio Water Quality Standards (WQS; Ohio Administrative Code
3745-1) consist of designated uses and chemical, physical, and biological
criteria designed to represent measurable properties of the environment
that are consistent with the goals specified by each use designation. Use
designations consist of two broad groups, aquatic life and non-aguatic life
uses. In applications of the Ohio WQS to the management of water
resource issues in Ohio’s rivers and streams, the aguatic life use criteria
frequently result in the most stringent protection and restoration
requirements, hence their emphasis in biological and water quality reports.
Also, an emphasis on protecting for aquatic life generally results in water
quality suitable for al uses. The five different aquatic life uses currently
defined in the Ohio WQS are described as follows:

1) Warmwater Habitat (WWH) - this use designation defines the “typical”
warmwater assemblage of aguatic organisms for Ohio rivers and streams;
this use represents the principal restoration target for the majority of water
resource management effortsin Ohio.
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2) Exceptional Warmwater Habitat (EWH) - this use designation is
reserved for waters which support “unusual and exceptiona” assemblages
of aguatic organisms which are characterized by a high diversity of
species, particularly those which are highly intolerant and/or rare,
threatened, endangered, or specia status (i.e., declining species); this
designation represents a protection goal for water resource management
efforts dealing with Ohio’ s best water resources.

3) Cold-water Habitat (CWH) - this use is intended for waters which
support assemblages of cold water organisms and/or those which are
stocked with salmonids with the intent of providing a put-and-take fishery
on a year round basis which is further sanctioned by the Ohio DNR,
Division of Wildlife; this use should not be confused with the Seasonal
Salmonid Habitat (SSH) use which applies to the Lake Erie tributaries
which support periodic “runs’ of salmonids during the spring, summer,
and/or fall.

4) Modified Warmwater Habitat (MWH) - this use applies to streams and
rivers which have been subjected to extensive, maintained, and essentially
permanent hydromodifications such that the biocriteria for the WWH use
are not attainable and where the activities have been sanctioned by state or
federa law; the representative aguatic assemblages are generally
composed of species which are tolerant to low dissolved oxygen, silt,
nutrient enrichment, and poor quality habitat.

5) Limited Resource Water (LRW) - this use applies to small streams
(usualy <3 mi. drainage ared) and other water courses which have been
irretrievably altered to the extent that no appreciable assemblage of
aquatic life can be supported; such waterways generally include small
streams in extensively urbanized areas, those which lie in watersheds with
extensive drainage modifications, those which completely lack water on a
recurring annual basis (i.e., true ephemeral streams), or other irretrievably
altered waterways.

6) Limited Resource Water - Acid Mine Drainage (LRW-AMD) -this use
applies to streams and rivers which have been subjected to severe acid
mine drainage pollution from abandoned mine lands or gob piles, and
where there is no near term prospect for reclamation; the representative
aguatic assemblages are generally composed of species which are tolerant
to low pH, silt, metals, and poor quality habitat.

Chemical, physical, and/or biological criteria are generally assigned to
each use designation in accordance with the broad goals defined by each.
As such the system of use designations employed in the Ohio WQS
constitutes a “tiered” approach in that varying and graduated levels of
protection are provided by each. This hierarchy is especially apparent for
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parameters such as dissolved oxygen, ammonia-nitrogen, temperature, and
the biological criteria. For other parameters such as heavy metals, the
technology to construct an equally graduated set of criteria has been
lacking, thus the same water quality criteria may apply to two or three
different use designations.
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I ntroduction

The Raccoon Creek watershed has along history of underground and surface mining
(ILGARD 2003). A byproduct of this historic activity has been acid mine drainage,
sedimentation, and metal loadings in tributariesin the vicinity of these mines.
Remediation efforts thus far have already shown substantial improvementsin aquatic life
from abatement of certain impacts in the Raccoon Creek watershed (Ohio EPA 1997).
This report focuses on identifying mining impaired waterways in the Middle Basin of the
Raccoon Creek watershed which extends from upstream of Little Raccoon Creek (~RM
39.8) to Raccoon Creek at US 50 at RM 80 (Map 1). The major tributary inthisreach is
Elk Fork. Some recent biological assessment work in this area was done by Ohio EPA
and others between 1993 and 2000, although most work was concentrated in the upper
Raccoon Creek and Little Raccoon Creek watersheds. This study is designed to fill gaps
in the biological data coverage of previous Ohio EPA studies and to compare changes in
biological condition from earlier studies (Ohio EPA 1983, 1985, 1991). This additional
biological datais needed to provide sufficient spatial coverage of this watershed so that
all significant sources of AMD are identified and to create a baseline to measure the
success of abatement actions. In addition, we hope to devel op substrate targets for waters
as TMDL endpoints for impaired waters in this watershed. To accomplish this, itis
important to ascertain the relative contribution of headwater streams to observed
impairmentsin larger waters (e.g., Raccoon Creek).

Specific objectives of this portion of the study were to:

1) evaluate the physical habitat and the biological integrity of the Middle Basin of
Raccoon Creek study area especialy in relation to AMD,

2) assess impacts from mining activities, nonpoint sources of pollution, and habitat
alterations,

3) determine attainment status of aquatic life and recommend changes where appropriate,
and

4) expand a baseline of biological datafor assessing AMD and compare results of this
survey with previous surveys to assesses changes in water quality and biological

integrity.

Benefits of Sream and River Restoration

Stream restoration is assumed to be cost-effective in many cases and many statues drive
stream restoration without clear links back to services that streams and rivers provide to
society. More explicit examination of the benefits of clean water and the restoration of
aquatic life would help bolster support of watershed restoration efforts. Many of the
services that healthy streams provide to society are not always obvious, but can be
immense (Daily et a. 1997). As summarized by Daily et al. (1997):

“Human societies derive many essential goods from natural ecosystems,
including seafood, game animals, fodder, fuelwood, timber, and
pharmaceutical products. These goods represent important and familiar parts
of the economy. What has been less appreciated until recently is that natural
ecosystems also perform fundamental life-support services without which
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human civilizations would cease to thrive. These include the purification of air
and water, detoxification and decomposition of wastes, regulation of climate,
regeneration of soil fertility, and production and maintenance of biodiversity,
from which key ingredients of our agricultural, pharmaceutical, and industrial
enterprises are derived. This array of services is generated by a complex
interplay of natural cycles powered by solar energy and operating across a
wide range of space and time scales. The process of waste disposal, for
example, involves the life cycles of bacteria as well as the planet-wide cycles
of major chemica elements such as carbon and nitrogen. Such processes are
worth many trillions of dollars annually. Y et because most of these benefits
are not traded in economic markets, they carry no price tags that could alert
society to changes in their supply or deterioration of underlying ecological
systems that generate them. Because threats to these systems are increasing,
there is acritical need for identification and monitoring of ecosystem services
both localy and globally, and for the incorporation of their value into
decision-making processes.”

In southeast Ohio, the more obvious economics benefits of clean waters and functioning
watersheds are sufficient by themselves to drive watershed restoration efforts. Southeast
Ohio has recently become a recreation destination for other areas of Ohio. For streams, a
predominant use of these resourcesis for fishing. In a study in Oklahoma about 27% of
those with fishing licenses fished in streams and rivers (Fisher et a. 2002). For the
subregion of eastern Oklahoma, stream fishing generated about $24 million of activity for
1993. Nationally, Americans spend about $24 billion dollars ayear on fishing.
Improvements in fishability, which as we will show later is correlated with biological
integrity, should result in repeat visits to the Raccoon Creek watershed for fishing and
related recreation (e.g., canoeing). Raccoon Creek already has substantial recreational use
and the physical habitats of the mainstem should eventually support an improving
warmwater fishery as the stressors identified here are abated. Thus there are substantial
economic and ecological benefits that should result from improving aquatic and water
guality conditions in Raccoon Creek.

Methods

All chemical, physical, and biological field, |aboratory, data processing, and data analysis
methodol ogies and procedures adhere to those specified in the Manual of Ohio EPA
Surveillance Methods and Quality Assurance Practices (Ohio Environmental Protection
Agency 1989a) and Biological Criteria for the Protection of Aquatic Life, Volumes I-111
(Ohio Environmental Protection Agency 1987a, 1987b, 1989b, 1989c), and The
Qualitative Habitat Evaluation Index (QHEI): Rationale, Methods, and Application
(Rankin 1989) and Rankin (1995) for aquatic habitat assessment. Chemical, physical and
biological sampling locations are listed in Table 1. Determining aquatic life use
attainment status means describing the degree to which environmental indicators are
either above or below criteria specified by the Ohio Water Quality Standards (WQS,
Ohio Administrative Code 3745- 1) with the most appropriate indicator typically being
the Ohio EPA biological criteria (OAC 3745-1-07; Table 7-14). These are confined to
ambient assessments and apply to rivers and streams outside of mixing zones. Numerical
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biological criteria are based on multimetric biological indicesincluding the Index of
Biotic Integrity (1B1) and modified Index of Well-Being (MIwb), indices measuring the
response of the fish community, and the Invertebrate Community Index (1Cl), which
indicates the response of the macroinvertebrate community. Numerical endpoints are
stratified by ecoregion, use designation, and stream or river size. Three attainment status
results are possible at each sampling location - Full, partial, or non-attainment. Full
attainment means that all of the applicable indices meet the Ohio WQS biocriteria or the
LRW-AMD benchmarks. Partial attainment means that one or more of the applicable
indices fails to meet the biocriteria or the LRW-AMD benchmarks. Nonattainment means
that none of the applicable indices meet the biocriteria or the LRW-AMD benchmarks;
or, for WWH and EWH streams, one of the organism groups reflects poor or very poor
performance. An aguatic life use attainment table (see Table 2) is constructed based on
the sampling results and is arranged by sampling locations indicated by river mile, the
applicable biological indices, the use attainment status (i.e., full, partial, or non), the
Qualitative Habitat Evaluation Index (QHEI), and comments and observations for each
sampling location.

The IBI and ICI are multimetric indices patterned after an original 1Bl described by Karr
(1981) and Fausch et al. (1984). The ICI was developed by Ohio EPA (1987b) and
further described by DeShon (1995). The Miwb is a measure of fish community
abundance and diversity using numbers and weight information and is a modification of
the original Index of Well- Being originally applied to fish community information from
the Wabash River (Gammon 1976; Gammon et al. 1981). Performance expectations for
the principa aquatic life usesin the Ohio WQS (Warmwater Habitat [WWH],
Exceptional Warmwater Habitat [EWH], and Modified Warmwater Habitat [MWH)])
were developed using the regional reference site approach (Hughes et al. 1986; Omernik
1987). Thisfitsthe practical definition of biological integrity as the biological
performance of the natural habitats within aregion (Karr and Dudley 1981).

Habitat Assessment

Physical habitat was evaluated using the Qualitative Habitat Evaluation Index (QHEI)
developed by the Ohio EPA for streams and riversin Ohio (Rankin 1989, 1995). Various
attributes of the habitat are scored based on the overall importance of each to the
maintenance of viable, diverse, and functiona aguatic faunas. The type(s) and quality of
substrates, amount and quality of instream cover, channel morphology, extent and quality
of riparian vegetation, pool, run, and riffle development and quality, and gradient are
some of the habitat characteristics used to determine the QHEI score which generally
ranges from less than 20 to 100. The QHEI is used to evaluate the characteristics of a
stream segment, as opposed to the characteristics of a single sampling site. As such,
individual sites may have poorer physical habitat due to alocalized disturbance yet still
support aquatic communities closely resembling those sampled at adjacent sites with
better habitat, provided water quality conditions are similar. QHEI scores from hundreds
of segments around the state have indicated that values greater than 60 are generally
conducive to the existence of warmwater faunas whereas scores |ess than 45 generally
cannot support a warmwater assemblage consistent with the WWH biological criteria.
Scores greater than 75 frequently typify habitat conditions which have the ability to
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support exceptional warmwater faunas. Genera narrative ranges of the QHEI are as
follows: < 30 — Very Poor; 30-44 — Poor; 45-59 — Fair; 60-74 — Good; > 75 Excellent.

Macr oinvertebrate Community Assessment

The ICI for macroinvertebrates requires a station to be sampled quantitatively using
multiple-plate, artificial substrate samplers (modified Hester/Dendy) in conjunction with
aqualitative assessment of the available natural substrates. Because we focused on small
streams during the 2002 survey, we only collected a qualitative sample. Assessments of
qualitative macroinvertebrate data result in narrative ratings ranging from very poor to
excellent and coincide with narrative ranges applied to the ICl. Qualitative Community
Tolerance Vaues (QCTVs) were used in association with EPT and other indicator taxa to
arrive at anarrative rating for asite. The QCTV approximates an | Cl rating by
calculating a median of the weighted mean ICI for each taxa (generated from statewide
data) from those collecting during a narrative assessment. A weighted ICl is based upon
| Cl scores from each site where the taxon has been found, weighted by the abundance
data for that taxon from artificial substrate (quantitative) samples collected throughout
Ohio.

The use of the QCTYV islimited to relative comparisons between sites and for
determining narrative assessments (i.e., it is not used in place of ICl scores). We followed
the Ohio EPA lead and used the numerical LRW-AMD benchmark for attainment status
asan ICl score of 8. For qualitative only datain a LRW-AMD stream, avery poor
narrative evaluation or a poor evaluation at a site where EPT taxa were not considered to
be common or predominant on the natural substrates, was assessed as non-attainment
status. A poor narrative evaluation at a qualitative only site was assessed as achieving the
LRW-AMD benchmark if there were any EPT taxa observed to be common or
predominant on the natural substrates.

Fish Community Assessment

During 2002 fish were sampled using wading method pulsed DC electrofishing gear as
specified in Ohio EPA (1987b). The wading method was used at a frequency one sample
at each site.

Causal Associations

The identification of impairment in rivers and streams is straightforward - the numerical
biological criteria are used to judge aquatic life use attainment and impairment (partial
and non-attainment). The rationale for using the biological criteria, within aweight of
evidence framework, has been extensively discussed elsewhere (Karr et al. 1986; Karr
1991, Ohio EPA 1987a,b; Y oder 1989; Miner and Borton 1991; Y oder 1991; Y oder
1995). Identifying the causes and sources of the observed impairments relies on an
interpretation of multiple lines of evidence including water chemistry data, sediment data,
habitat data, effluent data, land use data, knowledge of mining sources, and biological
results (Y oder and Rankin 1995, Simon 2003). Thus the assignment of principal causes
and sources of impairment in this report represent the association of impairments (based
on response indicators) with stressor and exposure indicators. The reliability of the
identification of probable causes and sourcesis increased where many such prior
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associations have been identified, or have been experimentally or statistically linked
together. The ultimate measure of success in water resource management is the
restoration of lost or damaged ecosystem attributes including aquatic community
structure and function. While there have been criticisms of misapplying the metaphor of
ecosystem “health” compared to human patient “health” (Suter 1993), in this document
we are referring to the process for evaluating biological integrity and causes or sources
associated with observed impairments, not whether human health and ecosystem health
are anal ogous concepts.

Prevalent Causes and Sources of Impairment in the WAP Ecoregion

Ecoregions are useful for developing biocriteria because they identify regions of
similarity in terms of biological assemblages. They are also useful, however, in
identifying important stressors because

they tend to be more similar within than Top Causes of | mpairment
acCross ecoregi ons. Knowl edge of West ern Allegheny Plat eau Ecor egion
prevalent stressors throughout an Siltation e
ecoregion or subecoregion can be veas|

informative for stressor identification in pH 1276
awatershed that is a part of a particular it averaions| | e
ecoregion. The prevaent stressorsin the e

WAP ecoregion areillustrated in Figure

Nutrients

1. These stressors are dominated by Fiaeraton || 405
nonpoint sources from mining (metals, Or ganic Enrichment :"3‘235‘ L

o

50 100 150 200 250 300 350
Miles | mpaired By Cause

pH, siltation) and agriculture (siltation,
habitat alterations, nutrients, and flow
aterations). As we discuss | ater, these
are also the primary sources of potential

impairment in the Middle Basin of Figure 1. Prevalent causes of aquatic life impairment
Raccoon Creek in the WAP ecoregion from the Ohio Water

Resource Inventory (Ohio EPA 2000).

Detecting Impairment in Small

Headwater Streams

The biological methods used here were developed in streams generally greater than 3 sq
mi, but often work finein smaller waters that are not flow limited. In streams smaller
than 3 sq mi in some areas of Ohio, low summer flows can be “naturally” limiting to
agquatic lifein certain instances. It can be difficult to separate out “natural” affects of low
flow from certain anthropogenic influences that can worsen such effects. Here we
consider natural to mean least impacted conditionsin aregion given broad scale
anthropogenic changes not “pristine” or “pre-Columbian.” Historical data from Trautman
(1981) suggests that headwater streams had greater year-round flows before the original
forests were cut because of wetlands and large trees in and near streams and a greater
ability of these systems to hold surface and subsurface water. Ohio EPA’s measures of
least impacted relate to streams under second growth forest with natural channel
conditions or with agricultural activities that do not encroach on stream margins or short
circuit natural flow patternsin these waters substantially. These are the conditions
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reflected in Ohio’ s biocriteria through the choice of reference sites from which biocriteria
were derived.

In very small “primary” headwater streams which are less than 3 sq mi and usually less
than 1 sgq mi, Ohio EPA has proposed alternate sampling methods that include
amphibians, macroinvertebrates, and a subset of habitat parameters (Ohio EPA 2000;
2002). Even in larger streams than are typically considered PHW (> 1-2 sq mi), low
flows during summer can confound assessment of biological impairments.
Macroinvertebrates, in particular, can move downward in the riffle areas to reach
interstitial flow and be unavailable to samplers using typical qualitative methods as
employed by Ohio EPA. If pools have large numbers of fish, available invertebrates may
be further suppressed. In such situations, best professional judgment can be used to
decide whether invertebrates reflect anthropogenic impacts or whether the streamis
better assessed with headwater methods. For some of the smaller streamsin this study
we made such decisions and relied on fish community data alone or made the decision
that the water would be more appropriately assessed with headwater methodologies (i.e.,
we did not considered it impaired, see Table 2).

Results
This report summarizes data collected by Ohio EPA as part of their technical support
document (Ohio EPA 1997) based on 1995 data and new data collected during 2002 in
small tributaries of Raccoon Creek and some other data collected between this period to
provide a complete geographic picture of the condition of the Middle Basin of Raccoon
Creek. Table 1 summarizes the locations of the 2002 samples. Map 1 isamap of the
locations by sampling year and Map 2 illustrates locations of 2002 fish and
macroinvertebrate assessments by narrative category. Table 2 is an attainment table of
biological datafrom 2002 and Appendix Table 2 is an attainment table from the 1995
survey and data collected by Ohio EPA as part of the Meigs Mine spill with other
miscellaneous data collected by Ohio EPA in the intervening years. Table 5 summarizes
the causes and sources of impairment of the 2002 data and earlier data taken from Ohio
EPA’ s data collection efforts from 1995 (Ohio EPA 1997). Figure 2 is aranking of
samples by IBI collected between 1995 and 2002 that are considered the most current and
accurate for agiven site. Figure 3 isasimilar graph for the macroinvertebrates ranked by
total and EPT taxa. Of the 42 sites for which we were able to collect biological datain
2002, 10 were meeting either LRW or WWH aguatic life uses, 2 were partially attaining
WWH uses, 18 were not attaining WWH or LRW uses and 12 were deemed as potential
primary headwater streams and were not assessed with the data we collected. Of the
impaired waters, 7 of the sites had evidence of mine effectsin severity of the degraded
biota and evidence of precipitates on the substrates. Below we provide more detail on the
status, trends, and condition for the streams of the Middle Basin of Raccoon Creek,

Raccoon Creek Mainstem

We consider the Middle Basin of Raccoon Creek to reach from upstream of Little
Raccoon Creek (~RM 39.8) to Raccoon Creek at US50 at RM 80 (Map 1). The
mainstem of Raccoon Creek was not sampled in 2002, but in 1995 biological
communitieswerein full or partial attainment of WWH biocriteria at all sites sampled
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through the Middle Basin. According to the Ohio EPA TSD (Ohio EPA 1997): “The
stream segment between Radcliff (RM 63.8) and Humpback Bridge (RM 50.1) had an
impact from acid mine tributaries in the area, although less severe than that observed in
the upper section of Raccoon Creek. Impacts on the Raccoon Creek mainstem from the
Meigs #31 Mine discharges in 1993 into Sugar Run and Strongs Run were minimal in
1995.” Data from both the biological data and from chemical data collected in 1995 or
recently by ILGARD indicate there are still episodic AMD impacts from upstream and
from minesin the Middle Basin of Raccoon Creek. The remainder of the report will focus
primarily on the tributaries that may be contributing.

VINTON

Biological
Monitoring
Stations:
+ - 1980s
% - 1990s

$ - 2002

Map 1. Location of biological monitoring stations in the Middle Basin of Raccoon Creek during the 1980s, 1990s, and
the 2002 survey,
Fish community data was collected at 42 Sitesin 2002 with cumulatively over 80 sites
sampled between 1995 and 2002 in the Middle Basin of Raccoon Creek (Map 1). Figure
2 ranks the sites from highest to lowest 1Bl scores. No site scored in the EWH range,
although most sites were fair-good quality. Major tributaries (> 10 sq mi drainage)
include Elk Fork (60 sq mi), Strongs Run (~17 sq mi), Wolf Run (11 sgq mi), and Pierce
Run (~12 sg mi). We will treat each of these tributaries individually and the othersin the
aggregate by predominant stressor type: mining affected or habitat and sediment affected.
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Fish Stations (1995-2002), Ranked by | Bl
Middle Basin Raccoon Creek Wat er shed

| Bl Key:

Elk Fork - 13.30
Trib. toElk Fork (RM 18.48) -  0.10
North Fork Brush Fork - 0.60
Reccoon Greck - 5010 A B Excellent
Puncheon Fork - 150
Fat Run- 170
Flatlick Run - 0.60 . GOOd
Raccoon Oreek - 63.80 AMD .
ZimnsRun - 0.50 |:| Fal r
Bk Fork - 2.20
Bk Fork - 1100
Opossum Run- 020 AMD . Fbor
RuncheonFork - 3.90
Strongs Run - 0.60 . Very Fbor
Raccoon Oreek - 35.60
Flat Run- 0.10
RuncheonFork - 0.30
Raccoon Qreek - 40.20 :AMD
Sugar Run- 0.60
RobinsonRun - 0.20
Fat Run- 5.20
Trib. to Wheelabout Oreek (RM 1.73) -
Raccoon Qreek - 72.20 AMD
Trib. to Raccoon Creek (RM 54.72) - 0 AMD?
Hatlick Run- 2.80
Elk Fork - 16.20
RuncheonFork - 2.80
Trib. toElk Fork (RM 16.67) - 0.10
Trib. to Raccoon Creek (RM 64.60) - O
Elk Fork - 14.00
Long Run- 140
Bk Fork - 8.60
StrongsRun-  3.10
Wolf Run-  3.80
Raccoon Qreek - 84.10 N N AMD T
Russel Run- 0.60 * *
Wolf Run- 0.0
Bk Fork - 0.20
Elk Fork - 20.00
Hat Run- 160
I ndiancamp Run - 115
Trib. toElk Fork (RM 16.07) - 0.10
Trib. to Bk Fork (RM 20.20) - 0.10 W
Trib. to Raccoon Creek (RM 50.90) - 0O PHW
Trib.toWdf Rin(RM252)- 0.10
Merrit Run- 0.10 AMD
Plerce Run- 170 AMD
Ekk Fork - 17.40
StrongsRun- 150
Trib. to Raccoon Creek (RM 8052) - 0 AMD
Trib. toPierce Run(RM 055) - 100 W
Trib. toWolf Run (RM 2.52)- 240 W
Karr Run- 0.20 AMD
Trib. toRaccoon Oreek (RM 39.55)- 1 PHW
Onion Qeek - 140
I ndiancamp Run - 0.30
Tedroe Run-  0.10 AMD
Wolf Run- 2.70
Wheelabout Oeek - 060
Trib. to Raccoon Creek (RM 38.88) - 0 W
Plerce Run- 550 AMD
Brush Fork - 0.10
Trib. toRaccoon Oreek (RM5199) - 0 AMD "™
Rockcamp Run - 0.30 T AMD
Trib. to Herce Run (RM 3.22) - 0.60 AMD
Rockcamp Run - 0.20 T AMD
Plerce Run- 644 AMD
Trib. toElk Fork (RM 11.10) - 0.10 AMD
Trib. to Bk Fork (RM 10.75) - 0.70 W AMD
Pierce Run-  3.10 AMD ™
10 20 30 40 50 60

| Bl

Figure 2. Bar chart of stations in the Middle Basin of Raccoon Creek ranked by IBI score. Stes affected by
acid mine drainage are denoted as AMD; sites that may be candidates for Primary Headwater
Habitat are denoted as PHW.
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Elk Fork - 16.20 .
Strongs Run- 150
pirongs Rn - 150 Macroinvert ebrate
Sugar Run - 0.30 Taxa Richness
RuncheonFork - 0.30
Raccoon Oreek - 39.90 (Q ua_l S ampl eS)
Onion Creek - 140 H H
Bk Fork - 14.10 Sites in or Near
Flatlick Run- 0.50 H H
RobinsonRun - 0.20 M Iddle BaSIn
Raccoon Oreek - 35.60
Fat An- 130 Raccoon Cr eek
Robinson Run-  1.60 -
Russell Run- 070 1995 2002
ZinnsRun - 0.50
Flat Run- 170
Raccoon Oreek - 84.30
Mot Fan - 820 Total Qual Taxa
Elk Fork - 13.30
Raccoon Creek - 63.80
Wolf Run- 5.30
RuncheonFork - 3.90 - Q ual EP—I— T a-x a
Elk Fork - 20.00
Raccoon Oreek - 72.30 AMD
Puncheon Fork - 160
Fa Run- 0.70 PHW
Wolf Run- 0.10
| ndiancamp Run - 0.40
RobinsonRun - 0.95
Raccoon Oreek - 50.10 [1596 AMD
Trib. toPierce Run(RM055) - 100 W
Elk Fork - 17.40
Elk Fork - 0.10
Brush Fork - 0.10
Trib. to Raccoon Creek (RVl 64.60) - 0O
RuncheonFork - 2.80
Trib. to Elk Fork (RM 16.07) -  0.10
Tedroe Run- 0.10 AMD
Trib. to Wheelabout O eek (RM 1.73) - LO
Raccoon Creek - 50.10 [958 AMD
Wolf Run- 2.50 [° 1
OpossumRun - 0.10 E MD
North Fork Brush Fork - 0.60 1l LO
Trib. to Raccoon Creek (RV 8052) - 0 R AMD
Trib. to Bk Fork (RM 11.17) -  0.40
Elk Fork - 10.90
Wolf Run-  2.70
Trib. to Raccoon Creek (RM 38.88) - 0 . W
Trib. to Raccoon Creek (RM 54.72) - 0 [ FLOW: AMD?
I ndiancamp Run - 115 I AMD
Trib. toRaccoon Oreek (RM 39.55) - 1 l W
Trib. toElk Fork (RM 18.48) - 0.10 LO
Wolf Run- 3.80
Perce Run- 170 AMD
Trib. to Robinson Run (RM0.90) - 09 W
Trib. toRaccoon Oeek (RM5199) - 0 E AMD
Trib. to Bk Fork (RV 20.20) - 0.10 BTW
Trib. toElk Fork (RM 16.67) - 0.10 LO
Long Run- 140 OT'LIBRINE
Rockcamp Run - 0.30 AMD
Trib. toWdf Run(RM252) - 0.10
Perce Run- 550 AMD
Pierce Run- 0.70 AMD ™
Trib. toElk Fork (RM 1110) - 0.10 AMD
Trib. to Raccoon Creek (RM 5090) - 0 W
Pierce Run- 0.70 AMD
Trib. toWolf Run (RM 2.52)- 2.40 ‘PHW
Trib. to Bk Fork (RV 10.75) - 0.70 ‘PHW AMD
Perce Run- 3.10 AMD
Trib. to Raccoon Creek (RVl 6550) - 0O | W
Trib. to Aerce Run (RV1 3.22) - 0.60 AMD
Flat Run- 0.10 1O
Merrit Run- 0.10 MD
AimanRun - 3.40 AMD
Karr Run- 0.20 AMD
Rockcamp Run - 0.30 1 AMD
Trib. to Flatlick Run (RM 1.04) - 0.9 W
Trib. toElk Fork (RM 8.24) -  0.10 PHW
Perce Run- 644 AMD
0O 10 20 30 40 50 60 70
Taxa

Figure 3. Bar chart of stationsin the Middle Basin of Raccoon Creek ranked by total qualitative taxa. Stes
affected by acid mine drainage are denoted as AMD,; sitesthat may be candidates for Primary
Headwater Habitat are denoted as PHW, sites affected by low flow are denoted as FLOW..
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Figure 4. Plot of ICI vs. RM (top) and 1Bl vs. RM

(bottom) in Elk Fork from 1981, 1995,
and 2002. Macroinvertebrate sites
marked with an asterisk are estimated
ICI values derived from narrative
assessments.

Elk Fork

Elk Fork demonstrated a significant
improvement in most IBI scores and
macroinvertebrate assemblages (mostly
based on narrative assessments) from 1981 to
1995 and 2002. The majority of the
improvement were attributed to reduction in
acid mine drainage with secondary benefits
from sewage upgrades. The following isthe
description from Ohio EPA (1997):

“In comparison with the results from
the 1981 intensive survey, the structure,
composition and organization of the fish
community in 1995 were reflective of
tremendous improvements in the
environmental conditions of Elk Fork. Every
community measure was significantly
advanced (e.g., speciesrichness, relative
abundance, composition/organization, and
structural evenness). Community indices
were typically very near or fully consistent
with the ecoregionally derived WWH
biological criteria. Although incomplete,
biological recovery was clearly indicated in
1995. Improved chemical water quality
appeared the most significant factor
responsible for the recovery, as chemical

impacts from mine drainage appeared largely ameliorated in 1995. However,
pervasive sedimentation and its detrimental effects to substrate quality were still
present and now appear the major factor limiting biological performance in the
mainstem.”

The data collected during the 2002 survey were similar to the 1995 Ohio EPA results.
The primary impacts identified in 2002 were sedimentation from old mining activities
and other land uses in the watershed delivered through the tributaries.
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Strongs Run, Sugar Run, and
Robinson Run

Strongs Run, Sugar Run and
Robinson Run were sampled
extensively in the 1990sin
response to the Meigs #31 Mine
accident and resulting discharge.
Data from prior to this discharge to
examine potential dewatering
effects from subsurface mining did
not indicate any AMD effects
originating from this stream or its
tributaries. Although the spill
eliminated most of the aquatic life
due from Strongs Run due to
extremely low pH values, the
chemical effects ceased when
pumping from the mine ceased and
the stream biotaitself recovered in
about 3 yearsto pre-discharge
populations. The biota of Robinson
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Figure 5. IBI scores by year for Strongs Run, Robinson Run, and
Sugar Run, tributaries of Raccoon Creek in southeast

Ohio. All data post-discharge from Meigs 32 Mine event
in 1993.

Run and Sugar Run were not subject to extremely low pH water as was Strongs Run,
however, mine water with high total iron concentrations and dissolved solids were
pumped to these streams and exerted an impact to these streams that was less extreme
than that observed in Strongs Run. Strongs Run and the nearby Robinson Run and Sugar
Run are now largely attaining or close to attaining aquatic life biocriteria (Appendix
Table 1). Possible impacts to these streams would be primarily sedimentation and erosion

Translation of Narrative Ratingsto|Cl Scores

1995 and 2002
60 T T

from agricultural uses. Habitat quality in these
streams is good with sediment metrics showing

—°—Narrative 2002
50

® Narrative 1995

40

1Cl

20

10

the greatest deviation from reference levels.
Any efforts throughout these watersheds to
reduce erosion and sedimentation should
enhance aguatic assemblages in these streams.

1 PierceRun
Pierce Run is designated as a LRW-AMD and
we concur that thisis the appropriate aguatic

River Mile

o lifeuseat thistime. Any aquatic life use below
the interim goa (e.g., WWH) is considered

Figure 6. ICI vs. river mile for Pierce Run from
1995 and 2002. ICI scores were
estimated from narr ative assessments.

temporary and needs to be reassessed
periodically. This stream is characterized by a
severe biological degradation from periodic

mine discharges that result in few or no

organisms and very tolerant assemblages of fish and macroinvertebrates. The poor and
very poor sites on Map 2 in the center for the watershed are from Pierce Run and its
tributaries. Narrative ratings of macroinvertebrates ranged from very poor (RM 6.44) to
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poor (other sites) with 0-2 EPT taxa. Pierce Run has also had direct habitat modifications
that will hinder recovery if AMD is reduced. Full recovery of WWH in Pierce Run
should target habitat restoration and erosion control as well as the more severe AMD
impairments that are limiting aguatic assemblages. Ohio EPA (1995) reported that Pierce
Run was a contributor to the AMD effects observed in the mainstem of Raccoon Creek
and our data supports that possibility.

Middle Basin of Raccoon Creek
Biological Data, Year 2002

Narrative IBI Narrative Macroinvertebrate
Rating Rating
Very Poor # Very Poor
#  Poor # Poor
Fair (F;?)'(r) d
#
Good # Very Good
# Excellent # Excellent

Map 2. Map of fish IBI (left) and narrative macroinvertebrate assessments (right) for the Middle Basin of
Raccoon Creek from 2002. Sze of point for IBI isbased on IBI score; narrative assessments of
macr oinvertebrate data are categorical.

Wolf Run

Wolf Runis currently designated as LRW-AMD in the Ohio WQS. The 1995 Ohio EPA
report recommend that Wolf Run be resampled during the next survey and its use
designation reassessed. We observed a substantial improvement in the fish assemblages
of Wolf Run with IBI scores moving from the minimum of 12 (one site sampled in 1981)
to scores ranging from 28-36. The 1981 station had no fish species and samplesin 2002
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ranged from 7 to 12 species including the moderately sensitive longear sunfish and
rosefin shiner. Although the macroinvertebrate assemblages were considered poor, they
were affected by low flows as was discussed earlier and still had more sensitive taxa
(Qual EPT 3-4) than streams which showed stronger AMD affects (e.g., Pierce Run, Qual
EPT 0-1).

There are till limitations to the aguatic communitiesin this stream, however, they appear
to be predominantly related to habitat degradation and siltation from land disturbance
from agriculture and residentia activities. Aswith other streamsin this part of the
Raccoon Creek watershed, small streams can be influenced by low base flows that tend to
magnify the effects of stressors like siltation and sedimentation. A common effect of
excess sedimentation isloss of pool volume and increased embeddedness in riffle/run
areas. These actions worsen the effects of low flow by reducing drought refugesin pools
and inhibiting movement of taxainto and through the bottom substrates that |eaves them
susceptible to the effects of droughts. These streams have their aquatic assemblages
continually reset almost annually which results in a predominance by tolerant and
pioneering taxa and excludes more sensitive species that are not well adapted to periodic
stresses from low flow.

Other Small Streams

We will deal with the remaining small streams by grouping them by the two major
impact typesin this watershed, mine effects and sediment effects; streams affected by
both stressor types will be covered with the mine affected streams.

Mine Effected Tributaries

It can be difficult to identify streams that have serious acid mine drainage affects on
streams on the basis of chemical data alone, especially when chemical impacts are
episodic or seasonal. Impacts in some streams are obvious (frequent extremely low pH or
high metal loads), however, biological data can provide accurate measures of the extent
and magnitude of impacts and provide a baseline for restoration actions. As restoration
strategies reduce the overall loading of acid and other mining associated parameters,
episodic loadings may be more frequent and biological data more important in identifying
remaining problems. Although the aggregate indices are important for measuring
impairment and attainment, the subcomponents of the biological indices can be very
useful in diagnosing impairments. Water chemistry datais essential for understanding the
loading of parameters to streams and predicting downstream effects, how they may be
affecting biological assemblages, and are critical in engineering solutions to abate AMD.

Table 3 summarizes some of the fish components of the IBI at sites affected by AMD and
those unimpaired or affected by other stressors. One biological signature of AMD
affected streamsis|low numbers and biomass of fish. Acute events (e.g., low pH) that
may occur during storm events greatly reduce the abundance of all fish and sensitive
species are generally much slower to recolonize such streams. Thisis evident in the
Middle Basin of Raccoon Creek watershed where streams characterized as having AMD
effects have only 8.8 non-tolerant fish per 300 m.

| Table 3. Summary fish community statistics for small streams in the Middle
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Basin Raccoon Creek Watershed affected by AMD and not impaired or
affected by other stressors.

Effect IB1 Sensi?ive Totgl Sculpins & Headw§ter Perceqﬁ
Species Species Darters Species Pioneering
AMD 18.8 0.13 3.6 0.0 0.3 59.6
Other 35.4 0.70 8.9 1.0 1.9 58.4
o Percent(No.) Total Relative
Effect |n;§2:?32?es iﬁi;;ﬁ;g An;ﬁ212es Simple Relative | Number w/o
Lithophils Number Tolerants
AMD 13.8 1.8 0.0 4.4(0.5) 70.5 8.8
Other 30.4 3.7 0.0 21.5(2.9) 309.1 87.0

Based on the biological signatures and other evidence of AMD impacts (e.g.,
precipitates) we identified the following streams/sites (excluding the larger streams
treated above) as showing evidence of AMD during the 2002 survey: Trib to Pierce Run
at RM 3.72 (09-658), Trib to Raccoon Creek at RM 51.99 (09-655), Trib to Raccoon
Creek at RM 54.72 (09-656), Trib to Raccoon Creek at RM 80.52 (09-0669), Trib to Elk
Creek at RM 10.75 (09-660), Trib to Elk Creek at RM 11.10 (09-661), and Rockcamp
Creek (09-552). Of these the two tributaries to Elk Fork and the tributary to Pierce Run
were the most severely impaired. The direct tributaries to Raccoon Creek were not as
severely impaired as the others. Rockcamp Creek was more severely impaired as recently
as 1995 when no fish were collected (IBI=12), compared to two speciesin 2002 (IBI =
20). The area near Pierce Runislikely the greatest contributor to problems associated
with the Raccoon Creek mainstem. The two Elk Fork tributaries do not likely contribute
much if any impact to Raccoon Creek. These two sites are extremely small (< 1 sq mi)
and no impact is evident from these tributaries in Elk Fork itself. More information on
loading of acidity, etc., can be found in the water chemistry section of the AMDAT
report.

NPS and Habitat Impacted Waters

Although amajor focus of thisreport isto identify AMD impactsin thiswatershed it is
essential to understand the other stressors that are limiting aquatic life. To accurately
attribute impairments to AMD, the relative contribution and overlap with NPS
impairments needs to be evaluated. Various data types help in the assessment of NPS
stressors. Aswith AMD impacts, biological signatures help in categorizing and
attributing various NPS stressors as limiting factors to biological integrity. Water
chemistry datais also important (e.g., nutrients, dissolved oxygen, TSS and TDS, BOD,
etc.). For habitat and sediment related impacts akey tool isthe QHEI and its
subcomponents.

QHEI assessments were collected at 42 sites in 2002 and 43 sites between 1995 and 2001
in the Middle Basin of Raccoon Creek. Besides mine drainage impacts, habitat and
sedimentation/siltation are the primary impairments identified in these watersheds and
throughout the WAP ecoregion (see Figure 1). While our primary focus in this study is on
the Middle Basin of Raccoon Creek, some of the analyses we will present on habitat and
sediment stressors include data from elsewhere in the Raccoon Creek basin and from the
Western Allegheny Plateau ecoregion (WAP). Some of the effects of habitat |oss occur at
alarger scale than a subwatershed and examination of data from a broader geographic
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areaincreases resolution of relationships between the biota and habitat that might not be
evident in an analysis of asmall spatial area.

Table 4 summarizes mean QHEI and metric scores for the sites in the entire Raccoon
Creek watershed and in the Middle Basin of Raccoon Creek along with WAP and other
ecoregion reference sites and selected watersheds (11 digit) in the WAP ecoregion for
comparison. The entire Raccoon Creek watershed and the Middle Basin of Raccoon
Creek both scored in the lower range of watersheds in the WAP ecoregion in terms of
QHEI and metric scores.

In general the WAP ecoregion has fewer direct channel modification than ecoregions
such as the HEL P and ECBP ecoregions. “ Reference” sitesin the HELP ecoregionin
northwest Ohio do not meet the same definition of least impacted as in the other
ecoregions, including the WAP, and wadeabl e reference sites in the HEL P are considered
“best available” rather than “least impacted.” Small streamsin this region have nearly all
been channel modified at some point in time for some or all of the reach of these streams
and thisisreflected in the low QHEI and metric scores by watershed (Table 3).

Raccoon Creek scored noticeably lower in the riffle metric (1.03) than most other
watersheds (Table 4). Even when streams |less than 10 sq mi were excluded therriffle
scores are still low in this watershed (1.54). Low riffle scores are attributable to low flow,
poor substrates, or a combination of these factors. Streams in Raccoon Creek are
generally more embedded than reference watersheds although watersheds with similar
embeddedness ratings in the WAP ecoregion generally had higher riffle scores. This
supports observations that streams as awhole are more flow limited in Raccoon Creek
than in most other WAP watersheds.

Figure 7 illustrates relationships between

TTTy=225+034x R=030 QHEI and IBI at reference sitesin the
""" y=2552+027x R=024 WAP randomly divided into two data
” | R sets (green and blue solid circles).
o I Plotted on the same graph are sites from
;__;':3’.'.'44? d the Middle Basin of Raccoon Creek from
5 | e 2002 (orange triangles, Figure 7). The
o .. ] similarity of the regressions with
randomly selected sites divided into two
il l databases provides away to validate the
accuracy of the regression.

10

QHE It is clear that the habitat conditionsin

Fiaure 7. Plot of OHEI vs. IBI for ref tesinth Raccoon Creek are skewed towards the
e wztpora%doml\;/sdivi dod o v dota sts | lower scores observed inthe WAP
(green and blue solid circles). Plotted on the ecoregion. Sites that deviate substantially
same graph (or_angetriangles) are sites from from the regr on lines are more Iikely
the Middle Basin of Raccoon Creek from 2002. affected by one or more other stressors
(circled area) such as AMD.
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Substrate is one of the most important habitat attributes that we measure. Much of afish’'s

or macroinvertebrate' s life histories are associated with the substrates of streams. In

Midwest streams coarse substrates that are generally low in fine sizes are most typical
(e.g., Trautman 1981) of reference

ey 3044083 H=021 streams. Filling of interstitial spacesin
_____ . riffles and loss of pool volume from
y=312+0.93x R=040 . . .
60 - — eroded fines are two of the most limiting
.. Y DI stressors in streams where silts and
50- S - i-'—fﬁ?fff: 1 sediments are delivered to streamsin
Y e Sl L I 1 greater amounts than can be exported.
e e S Lo Figure 7 issimilar to Figure 6 above
R R It ] except that the QHEI substrate scoreis
w0l ® ) ] the independent variable. Aswith QHEI,
the substrate metric scoresin Raccoon
B 5 10 5 20 25 Creek are lower than reference
Substrate Score conditions and this is associated with

lower IBI scores. Other metrics such as
Figure 8. Plot of the QHEI substrate score vs. I1BI for cover and ri panan scores are Similar to
reference sites in the WAP ecoregion - .
randomly divided into two data sets (green other ecoregions. The SUbSIrat_e core1s
and blue solid circles). Plotted on the same probably the best overall metric to target
gr%%fl‘ (orange :fiang'&‘) are esei't(ffrom the | for restoration efforts becauseit is
Middle Basin of Ra C 2002. .
cdie Basin of Ractoon Lrescirom readily measurable and can be targeted

by various existing types of BMPs.

The relationshipsillustrated in Figures 7 and 8 can form the basis for deriving restoration
endpoints for habitat and substrate stressors in awatershed. Appendix 1 summarizes a
potential process for the derivation of targets for habitat and substrate for southeast Ohio.
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Table 4. Mean QHEI

and QHEI metric scores by selected Huc 11 Watersheds in mainly in the WAP ecoregion of Ohio. Sites
with drainage areas <= 50 sq mi. For comparison statistics for reference sites by ecoregion and for several
watersheds outside of the WAP ecoregion with mean QHEI values > 75 or < 30 were included.

05040003

Huc 11 Code

030

Watershed

Entire Raccoon Creek
_ Watershed
Middle Basin Raccoon
Kokosing River (below North
Branch to above Jelloway
Creek)

to below Brushy Fork)
WAP ecoregion least impacted
reference sites, <= 50 SQ MI
HELP ecoregion least impacted
reference sites, <= 50 SQ MI
IP ecoregion least impacted
_ reference sites, <= 50 SQ MI
EOLP ecoregion least impacted
reference sites, <= 50 SQ MI
ECBP ecoregion least impacted
reference sites, <= 50 SQ MI

05060002 120 Scioto River (below Pee Pee 75.92 15.84 2.13 2.29 14 .53 8.47 16.53 8.82 4_05 19
Creek to above Sunfish Creek)
05040004 020 Wakatomika Creek (headwaters 75.42 15.25 2.33 2.42 13.00 7.50 16.50 9.67 3.50 6

05030101 Yellow Creek (headwaters to
above Town Fork)

05030204 090 | Federal Creek 68.23 | 15.00 | 2.04 1.73 [ 11.08 | 7.73 [ 15.04 8.69 | 2.54 13

05030204 100 | Hocking River (below 67.83 | 13.89 | 2.22 2.67 | 12.56 | 6.61 | 14.50 9.33 | 3.56 9
Athens/RM 33.1 to Ohio River
[except Federal Creek)

05030201 100 | Little Muskingum River (above 65.04 | 14.30 | 2.13 2.24 | 11.67 | 6.50 | 14.81 7.02 | 2.52 27
Clear Fork to Ohio River)

05030201 100 | Ohio River tributaries (below 65.04 | 14.30 | 2.13 2.24 | 11.67 | 6.50 | 14.81 7.02 | 2.52 27
Sunfish Cr to above Little
Muskingum River

05030101 340 | Cross Creek 64.33 | 14.44 | 2.19 2.19 | 10.72 | 8.36 | 15.28 4.92 | 4.94 18

05030201 090 | Little Muskingum River 64.03 | 15.19 | 2.26 2.16 | 11.32 | 6.87 | 14.76 5.87 | 2.13 34
(headwaters to above Clear
Fork)

05030204 050 Hocking River (below 63.06 | 12.18 | 2.71 2.88 | 11.88 | 6.88 | 14.06 7.00 | 2.12 17
Enterprise to above Monday
Creek)

05030101 190 | Yellow Creek (above Town Fork 62.25 | 13.46 | 1.96 2.17 10.33 | 8.17 | 16.00 5.67 | 3.46 12
to Ohio River)

05030201 010 | Sunfish Creek and Ohio R 61.50 | 14.03 | 2.11 2.00 | 10.50 | 5.72 | 15.64 5.94 | 2.78 18
(below Fish Cr (W) to below
Sunfis

05030101 090 | Little Beaver Creek (below 61.10 | 15.00 | 2.19 2.44 | 11.42 | 6.65 | 12.62 5.98 | 2.81 26
West Fork to Ohio River)

05030204 070 | Sunday Creek 60.55 | 12.32 | 2.49 2.48 | 12.95 | 6.94 | 12.94 5.88 | 1.89 64

05030204 060 | Monday Creek 60.34 | 12.32 | 2.36 2.37 | 12.04 | 7.42 | 12.63 6.49 | 2.17 77

05030106 040 | Ohio River tributaries (below 59.35 | 11.50 | 3.25 3.05 | 11.00 | 7.45 | 14.00 6.25 | 2.15 10
Cross Cr to below Short
Creek)

05030101 070 | Middle Fork Little Beaver 58.14 | 11.90 | 2.96 3.17 | 10.81 | 6.22 | 12.33 7.50 | 2.60 36
Creek (headwaters to above
West Fo

05030204 040 | Clear Creek 57.78 | 13.02 | 2.54 2.93 | 11.17 | 4.00 | 11.98 6.96 | 2.30 23

05030201 110 | East Fork of Duck Creek 57.54 | 12.94 | 2.63 2.52 9.97 | 5.90 | 14.26 6.08 | 1.43 62

05030101 080 | West Fork Little Beaver Creek 56.85 | 13.15 | 2.75 3.00 | 11.10 | 5.55 | 12.15 5.35 | 2.15 10

05030201 120 | Duck Creek [except East Fork] 56.14 | 12.60 | 2.77 2.79 9.61 | 6.30 | 14.22 5.67 | 0.92 51
and Ohio River tribs (below
Li

05030202 100 | Ohio River tributaries (below 56.08 | 10.00 | 2.50 3.00 | 13.17 | 5.75 | 11.17 8.00 | 2.67 6
Hocking R to above Shade R)

05030106 200 | Ohio River tributaries (below 52.70 | 12.70 | 3.40 3.70 | 11.80 | 8.30 | 12.00 3.20 | 0.70 5
McMahon Creek to below Fish
Cr

05030204 010 | Hocking River (headwaters to 51.46 | 11.72 | 2.85 3.37 9.22 | 4.59 9.41 6.52 | 1.91 23
Enterprise [except Clear and
Ru

04100010 010 | Wolf Creek, Cedar Creek, 27.24 3.38 | 3.68 3.76 5.38 | 3.72 5.91 3.90 | 0.33 45
Crane Creek and Turtle Creek

04100007 090 | Little Auglaize River (above 27.07 6.64 | 3.43 3.57 2.43 | 3.21 5.79 3.57 | 0.57 7
Dog Cr to Auglaize River
[excep

04100009 050 | Maumee River (below Bad Creek 24.75 6.92 | 3.50 3.50 2.33 | 2.00 5.00 2.67 | 0.17 6
to below Beaver Creek)

04100007 070 | Little Auglaize River 23.77 1.36 | 3.95 3.82 4.55 [ 2.59 7.18 3.36 | 0.18 11
(headwaters to above Dog Cr)
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Table 3. Aquatic life use attainment status for stations sampled in the Raccoon Creek
basin based on data collected during 2002. The Index of Biotic Integrity (IBl),
Modified Index of well-being (Mlwb), and Invertebrate Community Index (ICI) are
measures of biotic community condition and the Qualitative Habitat Evaluation
Index (QHEI) is a measure of the ability of the physical habitat to support a

biotic community.

Existing
Macro. Agq Life | Attainmen
Fish Macro. Narrative Use/Rec. t
Station RM RM I1BI Rating? QHEI Use Status®
Elk Fork - 09530
S09530 20.00 20.00 36* MG 48.0 WWH PARTIAL
20.002002
S09530 17.40 17.40 34* F 37.0 WWH NON
17.602002
Flat Run - 09532
S09532 - 0.70 NA P - WWH NA
0.702002 PHW
S09532 0.10 0.10 420" P 48.5 WWH Full®
0.102002
Wolf Run - 09533
S09533 5.00 5.30 36* p* 45.0 LRW-AMD FULL/Non
5.302002 WWH
S09533 - 3.80 NA p* - LRW-AMD FULL/Non
3.802002 B WWH
S09533 2.70 2.70 28* p* 51.0 LRW-AMD FULL/Non
2.502002 WWH
S09533 0.10 0.10 36* p* 52.5 LRW-AMD FULL/Non
0.202002 B WWH
Puncheon Fork - 09534
S09534 3.90 3.90 42 "s MG 53.5 WWH FULL
3.902002
S09534 2.80 2.80 38* F* 43.5 WWH NON
2.802002
Indiancamp Run - 09551
S09551 1.15 1.15 34 P* 50.5 LRW/WWH FULL/Non
0.302002
Rockcamp Run - 09552
S09552 0.30 0.30 20 p* 46.0 LRW NON-T
0.202002
Pierce Run - 09553
S09553 6.50 6.44 12* VP* 52.5 LRW NON-T
6.422002
S09553 5.80 5.50 26 p* 49.5 LRW Partial
5.472002 o B
S09553 3.10 3.10 12* P> 35.0 LRW NON-T
3.102002
S09553 0.00 0.70 NA p* LRW NON-T
0.702002 B
Brush Fork - 09555
S09555 0.10 0.10 24 pP* 51.5 LRW/WWH FULL/Non
0.102002
Flat Run - 09557
S09557 5.20 5.20 40 s G 50.0 WWH FULL
5.202002

105




S09557 1.70 1.70 44 F* 40.5 WWH PARTIAL
1.602002
Trib. to Wheelabout Creek (RM 1.73) - 09597
S09597 2.20 2.20 40 " P 63.0 WWH FULLY
2.202002
Trib. to Raccoon Creek (RM 38.88) - 09650
S09650 0.10 0.10 26 P 51.0 WWH NA®
0.102002 B B PHW
Trib. to Raccoon Creek (RM 39.55) - 09651
S09651 1.30 1.30 30 P 25.0 WWH NA®
1.302002 PHW
Trib. to Robinson Run (RM 0.90) - 09652
S09652 - 0.90 - P - WWH NA®
0.902002 PHW
Trib. to Flatlick Run (RM 1.04) - 09652
S09653 - 0.10 - P - WWH NA®
0.902002 PHW
Trib. to Raccoon Creek (RM 50.90) - 09654
S09654 0.10 0.10 34 P 44.0 WWH NA®
0.102002 B PHW
Trib. to Raccoon Creek (RM 51.35) - 09655
S09655 0.10 0.10 24* p* 38.0 WWH NON-T
0.102002 B
Trib. to Raccoon Creek (RM 54.72)
S09656 0.13 0.40 40 P 43.5 WWH Full®
0.402002
Trib. to Pierce Run (RM 0.55)
S09657 0.50 1.00 32 P 39.0 WWH NA®
1.002002 PHW
Trib. to Pierce Run (RM 3.22)
S09658 0.60 0.60 20* pP* 49.0 WWH NON-T
0.602002
Trib. to Elk Fork (RM 8.24)
S09659 - 0.1 - P - WWH NA®
1.002002 B PHW
Trib. to ElIk Fork (RM 10.75)
S09660 0.70 0.70 12 P 51.0 WWH NA®
0.702002 PHW
Trib. to ElIk Fork (RM 11.10)
S09661 0.10 0.10 12* p* 61.5 WWH NON-T
0.102002
Trib. to Elk Fork (RM 16.07)
S09662 0.10 0.10 34* F* 56.5 WWH NON
0.102002
Trib. to Elk Fork (RM 16.67)
S09663 0.10 0.10 38* p* 56.5 WWH NON
0.102002
Trib. to ElIk Fork (RM 18.48)
S09664 0.10 0.10 46 P 29.0 WWH Full®
0.102002
Trib. to Elk Fork (RM 20.20)
S09665 0.10 0.10 34 P 49.5 WWH NA®
0.102002 PHW
Trib. to Wolf Run (RM 2.52)
S09666 | 2.40 2.40 | 32 | P | 49.5 WWH | NA®
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2.402002 PHW
S09666 0.10 0.10 34* pP* 37.0 WWH NON-T
0.102002
Trib. to Raccoon Creek (RM 64.60)
S09667 0.70 0.70 38* F* 51.5 WWH NON
0.702002
Trib. to Raccoon Creek (RM 65.50)
S09668 - 0.10 - P - WWH NA®
0.102002 PHW
Trib. to Raccoon Creek (RM 80.52)
S09669 0.10 0.10 32* pP* 31.5 None NON-T
0.102002 B WWH
North Fork Brush Fork
S09670 0.60 0.60 44 P 58.0 None Fulld®
0.602002 WWH
Ecoregion Biocriteria: Western Allegheny Plateau (WAP)
Index WWH EWH MWH LRW-AMD
Site Type
IBl — 44 50 24/24 18
Wading &
Headwater
Mod. Iwb 8.4 9.4 6.2/5,5 4.0
- Wading
i1C1 36 46 22/30 8
Footnotes:

a- A quadlitative narrative eval uation based on best professiona judgement and sampling attributes such as community composition, EPT taxa
richness, and QCTV scores were used when quantitative data were not available (E-exceptional, G-good, MG-marginally good, F-fair, P-
poor, VP-very poor).

b - Attainment status is given for existing use designations, except where a use designation change is recommended, in which case, the
attainment status for the recommended useis given.

¢ - Limited Resource Water - acid mine drainage (LRW-AMD) benchmarks based on best professional judgment driven by the need to protect
against acutely toxic stream conditions. Macroinvertebrate qualitative only data were evaluated based on densities of EPT taxa on the
natural substrates (see Methods Section), a narrative VP* or P* indicates departure from the benchmark.

d — Macroinvertebrate data not used because of low flow limitation during sampling.

e- PHW — Attainment of WWH not deemed appropriate, possible candidate for Primary Headwater designation, which is not currently
approved.

N/A - Miwb not applicable at headwater sites (<20 mi ). 2

ns - Nonsignificant departure from biocriteria (<4 1Bl or ICl units, or <0.5 MIwb units).

* - Indicates significant departure from applicable biocriteria (>4 1BI or ICI units, or >0.5 MIw uits). Underlined scores are in the Poor or Very
Poor range
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Use Change Recommendations

Aquatic life use designations are based on the potential of streamsto attain Ohio’s listed
aquatic life uses (EWH, WWH, MWH, and LRW). Recommendations on changesin
aguatic life uses designations are based on a combination of biological, chemical, and
physical datawith biological data being the ultimate arbiter for the aquatic life use. The
CWA protect existing uses of waterbodies as of 1975. Thus any stream that has been
designated based on ambient monitoring data, subsequent to 1975 cannot have that use
lowered (unless the action was in error). Waterbodies can, however, have their
designations changed to a higher tier if ambient data indicates that the high use can now
be attained.

Of particular interest in the WAP ecoregion isthe LRW-AMD aquatic life use. Thisis
reserved for streams where the biological, chemical, or physical data suggest that a
stream is subjected to severe acid mine drainage pollution from abandoned mine
activities with no near term prospect for reclamation. Such a LRW use does not indicate
that no protective actions are warranted. In fact, isimportant that the physical nature of
the stream be protected if future AMD restoration actions are to be successful.

Another consideration is the potential adoption of a Primary Headwater (PHW) use by
Ohio EPA at sometime. Several very small streams we sampled are potential candidates
for one the PHW categories. Because the sampling methods we used do not apply to
PWH streams in many situations we recommended that use designation recommendations
and aquatic life assessment be deferred until such auseisin place.

Three tributaries now designated as LRW-AMD were not found to be severely limited by
mine drainage effects during this study. We recommend that Wolf Run, Indiancamp Run,
and Brush Fork (e.g., 09-555) be considered by Ohio EPA to be redesignated as a WWH
aquatic life use. We consider the habitat conditions of these streams to have the ready
potential to achieve aWWH level aquatic life use.

Conclusions

The mainstem of the Middle Basin of Raccoon Creek has recovered substantially from
AMD impacts that existed in the 1980s, however there are still AMD impacts, largely in
the vicinity of Pierce Run. In addition, NPS stressors, largely excessive fine sediments
contribute to the observed aquatic impairment. Multiple stressors are the rule rather than
the exception in most streams and the Middle Basin of Raccoon Creek is no exception.
However the lack of large point source and urban impacts does simplify the process of
identify the responsible stressor “agents.”
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For the Middle Basin of Raccoon
Creek the further restoration of the
aquatic community will bring the
go  oraimouth Bass - Wadeable Stfea":f greatest benefits of aquatic restoration.
: f : o While the restoration that has occurred
0 to this point has been dramatic,
improve to and beyond the baseline
WWH biocriteria bring large
improvements in the fishability of such
g | streams. Associations between sport
,,,,,,,, fish populations and biological
| ? integrity are often geometric. The
biomass of catchable sport fishin
Raccoon Creek would greatly increase
if biological assemblages remain
consistently above the baseline
12-19 20-29 30-39 40-49  50-60 biocriteria. Decreases below the
| BI Range biocriteria usually indicate that
popul ations are fluctuating and such
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communities are generally

Figure 9. Box and whisker plot illustrating increases in smallmouth characterized by smaller, juvenile fish.
relative abundance with increase I Bl scores.Data from In the case of Raccoon Creek periodic
wadeabl e streams across Ohio (Ohio EPA data). AMD can limit popul ation increases

High sediment loads also tend to
inhibit fish reproduction and growth and suppress invertebrate biomass by limiting
suitable habitat area (interstitial areas in substrates). Streams that consistently exceed
biocriterialevels are able to build up populations represented by older (larger)
individuals. Smallmouth bass abundance in Ohio, for example, are strongly correlated
with IBI (Figure 9). It is not difficult to extrapolate increase in sportfish numbers as
biocriterialevels are met and maintained.

The highly forested nature of the Raccoon Creek watershed bodes well for long term
restoration of this watershed. Raccoon Creek itself generally has a natural channel form
and QHEI scores in the 60s. The components of the QHEI that are low are related to
substrate conditions which indicate excessive fine substrates impacting the higher quality
coarser materials. As sedimentation in the watershed is reduced these finer materials will
be gradually exported out of the tributaries and Raccoon Creek and invertebrates and fish
assemblages will improve. Raccoon Creek itself generally has a good riparian zone and
good instream cover and structure that are important for sport species such as spotted
bass, channel and flathead catfish. Improvement of the habitat conditions will improve
biodiversity and biological integrity in Raccoon Creek. If watershed restoration efforts
are successful, we should see increases in IBI and invertebrate quality, increases in sport
and sensitive species, and improved recreational uses of this system. Because
sedimentation will be an important stressor to reduce along with AMD, we would suggest
future sampling include measures of substrate condition such as pebble counts or the
Riffle Stability Index (Kappesser 1993) for larger streams. Such data may provide a more
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sensitive measure of progress with regard to reductions in sedimentation than QHEI
aone.

110



Table 5. Waterbody and/or site assessment summaries for data collected

in 1995 by Ohio EPA or data collected in 2002 by MBI.

Stations(s)

Segment RMs

Cause/Source of
Impairment
Comments

Existing
Ag Life
Use

Attainment
Status

1995 Ohio EPA Data and Assessme

nt

Raccoon Creek* - 09500 (Ohio EPA 199

5 Data)

Multiple

89.54 to 66.64

Causes: Manganese, zinc
Sources: Acid mine
drainage (AMD)

The upper Raccoon Creek
mainstem is biologically
and chemically impaired
due to AMD primarily from
the East Branch Raccoon
Creek.

Mining Effects: AMD
Detected

WWH

Full:
11.66 mi
Partial
11.24 mi

Multiple

66.64 to 37.55

Causes: Metals
Sources: Acid mine
drainage (AMD)

The Raccoon Creek
mainstem from Radcliff to
Vinton appears to be
pulsed with AMD impacts
during periods of high
rainfall from AMD tribs
between RM 60.46 (Pierce
Run) and RM 53.84 (Karr
Run) ..

Mining Effects: AMD
Detected

WWH

Full:
5.94 mi
Partial
22.91 mi

Russell Run*

(79.43) (Ohio EPA 1995

Data)

S09558
0.701995

0.6/0.7

Causes: Oil and grease
Sources: Oil and gas
operations
Chemical parameters
tested did not show high
levels of parameters;
partial attainment due to
fair fish community
performance, but good
benthic community
performance.
Mining Effects: None
Detected

WWH

Partial

Long Run (

74.6) (Ohio EPA 1995 Data)

S09556
1.401995

1.4/1.4

Causes: Oil and brine
Sources: Oil and gas
operations
Comments: Chemical
parameters tested did not
show high levels of
parameters; fair benthic
and fish community
performance.
Mining Effects: None
Detected

WWH

Non

Zinns Run* (63.51) ) (Ohio EPA 1995

Data)

S09554
0.501995

0.5/0.5

No Impairment
Although some chemical
parameters (pH, aluminum,
iron, and manganese) were
elevated above ecoregion
expectations, the

substrates were not

WWH

Full
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characteristic of AMD,
and benthic/fish had good
performance.
Mining Effects: None
Detected

Karr Run* (5

3.84) ) (Ohio EPA 1995

Data)

S09550
0.201995

0.2/0.2

Causes: Metals, pH
Sources: Acid mine
drainage (AMD)
Comments: Chemical
samples not collected but
an AMD impact was
evident: orange stained
substrate rocks, poor
benthic and fair fish
communities.
Mining Effects: AMD
Detected

LRW-AMD

Partial

Opossum Run* (46.05) ) (Ohio EPA 199

5 Data)

509548
0.201995

0.1/0.1

Causes: lron, manganese,
pH; siltation; oil and
grease
Sources: Possible acid
mine drainage (AMD), oil
and gas activities
Comments: Visible signs
of a pollutional impact
included oil on water
surface and
silted substrates. Fair
benthic/good fish
performance.
Mining Effects: AMD
Possible

WWH

Partial

2002 Data

Station

Fish
RM

Macro.
RM

Cause/Source of
Impairment
Comments

Existing
Agq Life
Use

Attainment
Status

Elk Fork - 09530

S09530
20.002002

20.00

20.00

Cause: Habitat; Source:
Hydromod.

Some local agriculture
related hydomodification
in watershed
Mining Effects: None
Detected

WWH

PARTIAL

S09530
17.602002

17.40

17.40

Cause: Habitat; Source:
Hydromod.

Some local agriculture
related hydomodification
in watershed
Mining Effects: None
Detected

WWH

NON

Flat Run - 09532

S09532
0.702002

0.70

Cause: Nat. Low Flow;
Source: Natural
Natural low Flow levels,
more of a HW
location
Mining Effects: None
Detected

PHW

S09532
0.102002

0.10

0.10

Unimpaired
Natural low flow Level
affect macroinvertebrates
(See Text)

Mining Effects: None
Detected

Full

Wolf Run - 09533
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S09533
5.302002

5.00

5.30

Cause: Habitat/Silt/Flow;
Source: Agriculture/Land
Some habitat disturbance
and excess siltation and
natural low flow levels,
Mining Effects: None
Detected

LRW/WWH

FULL/Non

S09533
3.802002

3.80

Cause: Habitat/Silt/Flow;
Source:
Housing/Agriculture
Some habitat disturbance
and excess siltation and
natural low Flow levels,
Mining Effects: None
Detected

LRW/WWH

FULL/Non

S09533
2.502002

2.70

2.70

Cause: Habitat/Silt/Flow;
Source:
Housing/Agriculture
Some habitat disturbance
and excess siltation and
natural low Flow levels,
Mining Effects: None
Detected

LRW/WWH

FULL/Non

S09533
0.202002

0.10

0.10

Cause: Habitat/Silt/Flow;
Source: Agriculture/Land
Some habitat disturbance
and excess siltation and
natural low flow levels,
Mining Effects: None
Detected

LRW/WWH

FULL/Non

Puncheon Fork - 09534

S09534
3.902002

3.90

3.90

Not Impaired
Some excess siltation and
natural low flow levels
Mining Effects: None
Detected

FULL/Non

FULL

S09534
2.802002

2.80

2.80

Cause: Silt/Flow; Source:
Agriculture
Some excess siltation and
natural low flow levels,
Mining Effects: None
Detected

NON

Ind

iancamp Run - 09551

S09551
0.302002

1.15

Cause: Habitat/Flow;
Source: Riparian Loss
Some habitat disturbance,
natural low flow levels,
Mining Effects: None
Detected

LRW/WWH

FULL/Non

Ro

ckcamp Run - 09552

S09552
0.202002

0.30

0.30

Cause: AMD,; Habitat;
Source: Land Disturbance
Some habitat disturbance

from waste piles near

stream,
Mining Effects: AMD
Detected

LRW/WWH

FULL/Non

ierce Run - 09553

S09553
6.422002

6.50

6.44

Cause:
AMD/Habitat/Sediment;
Source: Mining
Some AMD effects obvious;
also habitat loss,
Mining Effects: AMD
Detected

LRW

NON-T

S09553
5.472002

5.80

5.50

Cause:
AMD/Habitat/Sediment;
Source: Mining
Some AMD effects obvious;

LRW

FULL
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also habitat loss,
Mining Effects: AMD
Detected

S09553
3.102002

3.10

3.10

Cause:
AMD/Habitat/Sediment;
Source: Mining
AMD effects most severe;
also habitat loss,
Mining Effects: AMD
Detected

LRW

NON-T

S09553
0.702002

0.70

Cause:
AMD/Habitat/Sediment;
Source: Mining
Some AMD effects obvious;
also habitat loss,
Mining Effects: AMD
Detected

LRW

FULL

rush Fork - 09555

S09555
0.102002

0.10

0.10

Cause: Sedimentation;
Source: Bank erosion,
upstream agriculture
Bank erosion has resulted
in excessive sediment,
Mining Effects: None
Detected

LRW/WWH

FULL/Non

Flat Run - 09557

S09557
5.202002

5.20

5.20

No Impairment
Rowcrop agriculture may
contribute to downstream

nutrients
Mining Effects: None
Detected

FULL

S09557
1.602002

1.70

1.70

Cause: Habitat,
Nutrients; Source:
Agriculture
Rowcrop agriculture and
loss of riparian; low
gradient — deep pools
buffer effects
Mining Effects: None
Detected

WWH

PARTIAL

Trib.

to Wheelabout Creek (RM 1.73)

- 09597

S09597
2.202002

2.20

2.20

Not Impaired
Low flow effects macro.
samples — there are some
potential ag sources of
silt
Mining Effects: None
Detected

WWH

Full

Trib.

to Raccoon Creek (RM 38.88) -

09650

S09650
0.102002

0.10

0.10

Potential Headwater
Habitat
Low flow effects macro.
and fish samples —
although there is
elevated bank erosion and
excess silt
Mining Effects: None
Detected

WWH/PHW

NA

Trib.

to Raccoon Creek (RM 39.55) -

09651

S09651
1.302002

1.30

1.30

Potential Headwater
Habitat
Low flow and small size
(0.3 sq mi) effects
macro. and fish samples —
although there has been
channelization and excess
silt

Mining Effects: None

WWH/PHW

NA
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Detected

| |
Trib. to Raccoon Creek (RM 39.55) - 09651

S09651
0.102002

0.10

Potential Headwater
Habitat
Low flow and small size
(0.3 sq mi) effects
macro. and fish samples —
although there has been
channelization and excess
silt
Mining Effects: None
Detected

WWH/PHW

NA

to Ro

binson Run (RM 0.9) - 09652

S09652
0.102002

0.10

Potential Headwater
Habitat
Low flow (dry first
visit) and small size
effects macro. samples —
although there are ag
effects and excess silt
Mining Effects: None
Detected

WWH/PHW

NA

Trib.

to Flatlick Run (RM 1.04) -

09653

S09653
0.102002

0.10

Potential Headwater
Habitat
Low flow (dry first
visit) and small size
effects macro. samples —
although there are ag
effects and excess silt
Mining Effects: None
Detected

WWH/PHW

NA

Trib.

to Raccoon Creek (RM 50.90) -

09654

S09654
0.102002

0.10

0.10

Potential Headwater
Habitat
Low Flow (dry first
visit) and small size
effects macro. and fish
samples — although there
are potential
silviculture effects and
excess silt
Mining Effects: None
Detected

WWH/PHW

NA

Trib.

to Raccoon Creek (RM 51.99) -

09655

S09655
0.102002

0.10

0.10

Cause: AMD/Sediment;
Source: Mining. Forestry
Orange precipitate on
substrate, gas-line
vegetation spraying
Mining Effects: AMD
Detected

WWH

NON-T

Trib. to

Raccoon Creek (RM 54.7

S09656
0.402002

0.13

0.40

Fish Unimpaired
Low flow and small size
(0.8) effects macro.
samples — there was a
mine loving midge taxa
collected
Mining Effects: Uncertain

Full

Trib. to Pierce Run (RM 0.55)

S09657
1.002002

0.50

1.00

Potential Headwater
Habitat
Low flow (intermittent)
and small size effects
macro. and fish samples.
Nice site in forested

WWH/PHW

area.

NA
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Mining Effects: None
Detected

Trib. to Pierce Run (RM 3.22)

S09658
0.602002

0.60

0.60

Cause: AMD/Sediment;
Source: Mining. Orange
precipitate on substrate
Mining Effects: AMD
possible

NON-T

. to Elk Fork (RM 8.24)

S09659
1.002002

Potential Headwater
Habitat
Low flow (intermittent)
and small size effects
macro. samples. Small,
sandy site
Mining Effects: None
Detected

WWH/PHW

NA

to EIK Fork (RM 10.75)

S09660
0.702002

0.70

Cause: Unknown; Source:
Unknown

Very small, possible HW,

refuse and old asphalt in

an near stream,
precipitate on substrate
Mining Effects: AMD

possible

WWH/PWH

NA

to EIK Fork (RM 11.10)

S09661
0.102002

0.10

Cause: AMD/Habitat;
Source: Mining.
Orange precipitate on
substrate
Mining Effects: AMD
possible

NON-T

to EIK Fork (RM 16.07)

S09662
0.102002

0.10

Cause: Habitat; Source:
Industrial
Pulp mill runoff — some
sawdust in stream; decent
Fflow
Mining Effects: None
Detected

NON

to EIK Fork (RM 16.67)

S09663
0.102002

0.10

Cause: Habitat/Silt;
Source: Hydromod/Ag.
Ag effects, channelized;
exposed gas line in
stream
Mining Effects: None
Detected

NON-T

to ElIk Fork (RM 18.48)

S09664
0.102002

Unimpaired (Fish)
Some riparian removal and
ag near stream, small
size and low flow affects
macros
Mining Effects: None
Detected

Full

to EIK Fork (RM 20.20)

S09665
0.102002

0.10

Potential Headwater
Habitat
Low flow effects macro.
and fish samples.
Mining Effects: None
Detected

WWH/PHW

NA

Trib.

to Wolf Run (RM 2.52)

S09666
2.402002

2.40

2.40

Potential Headwater
Habitat
Low flow and tiny size

WWH/PHW

NA
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effects macro. and fish
samples.
Mining Effects: None
Detected

S09666
0.102002

0.10

0.10

Cause: Silt; Unknown;
Source: Ag.?

Oily sheen observed on
stream; beaver activity,
Fflow slow
Mining Effects: None
Detected

NON

Trib. to

Raccoon Creek (RM 64.6

0)

S09667
0.702002

0.70

0.70

Not Impaired (Fish)
Low flow affects macro.
and fish samples.
Mining Effects: None
Detected

WWH

Full

Trib. to

Raccoon Creek (RM 65.5

0)

S09668
0.102002

0.10

Potential Headwater
Habitat
Low flow affects macro.
and fish samples.
Mining Effects: None
Detected

WWH/PHW

NA

Trib. to

Raccoon Creek (RM 80.5

S09669
0.102002

0.10

0.10

Cause: AMD/Silt; Source:
Mining?.

Orange tinge to flow and
precipitate on substrate
Mining Effects: AMD
possible

None

NON-T

North Fork Brush Fork

S09670
0.602002

0.60

0.60

Not Impaired (Fish)
Low flow affects macro.
samples; some fine
sediments from ag
present.

Mining Effects: None
Detected

None

Full

Footnotes:
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Appendix 1. Using the Qualitative Habitat Evaluation Index to Derive
TMDL Targets for Sediment Impairment in Southeast Ohio

Introduction

Habitat destruction and related sediment and nutrient impacts are among the most
prevalent causes of aguatic life impairment in the United States. Here we outline how
subcomponents of the QHEI can be used to create aguatic life restoration targets for the
TMDL process in southeastern Ohio.

The Concept of Loadings and Restoration Targets

The concept of estimate pollutant loading targets has its history associated with the
severe point source problems that were in existence when the Clean Water Act was
written. Although the effects on aguatic life are largely related to concentrations of
pollutantsin the receiving water, it was necessary to calculate the load of a pollutant that
needed to be reduced to reach a concentration target to estimate concentrations at various
flows and to allow an engineering solution to the problem.

Although loading targets for point sources and other pollutants (acid loading for discrete
mine impacts) are obviously important for engineering solutions to these impairments,
precise estimates of loads may not be essential to quantify and fix other types of
impairments, especially where “loadings’ may not be directly related to instream
concentrations or condition and where such “pollutants’ or stressors are strongly affected
by other stream conditions such as habitat, flow, temperature, shading, etc. Rather than
spending resources on estimating precise loadings of pollutants, it may be more useful to
understand the interactions with the co-factors that influence the effects of the stressor of
interest (e.g., sediment) on the biota, which are the primary goal of aguatic life use
restoration.

Gross erosion rate, for example, is by itself not agood predictor of ecological effects.
Parts of Southeast, Southwest, and Northeast Ohio have the some of the greatest potential
erosion rates, however, the high gradient (high stream power) and generally natural
stream habitats in these areas can often assimilate or export fine sediments. Local habitat
conditions as well aslocal channel form can have a great influence on the effects of
sediment loading to a stream system.

The use of aloading approach is best when: 1.) the relationship between the endpoint and
stressorsis direct (e.g., direct toxicity from that parameter), and 2.) the relationship
between the stressor and endpoint isrelatively simple (e.g., effects are largely affected by
asingle other variable such as hardness and heavy metals). When the effect of a pollutant
or stressor is potentially influenced by a moderate to large number of other factors, the
most effective approach may beto rely on direct instream monitoring of effects (e.g.,
biocriteria) and statistically modeling the multiple influences on these parameters with
other ambient measures (e.g., habitat, sediment condition measures) or, for example,
measures derived from remote sensing (e.g., landuse).
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Linking Biological Measures with Sediment and Habitat Stressors

To use an ambient “modeling” approach to setting sediment endpoints for TMDLs, there
must be a measurable link between the response variable (1BI, 1Bl metric, species
abundance) and the stressor (substrate condition, habitat quality). For endpoints such as
the IBI there is a significant relationship between the IBI and the overall QHEI score and
between the IBI and components of the QHEI, both statewide and in the Western
Allegheny Plateau ecoregion (WAP). Figure 1 illustrates the correlation between the
QHEI and IBI for all reference sites (least impacted or natural and physically modified
reference sites). Thisillustrates afairly strong link for direct habitat influences on aguatic
life. Figure 2 illustrates the strong relationship between the substrate metric and the
overall habitat score indicated the importance of this component.

The substrate metric of the QHEI is composed of some measures of predominant size and
condition, specifically the pervasiveness of embeddedness and silt cover throughout a
station. Figure 3 illustrates the relationship of embeddednessto IBI at the same reference
sites used earlier. Thereis a clear association of the 1Bl with embeddedness with aWAP
ecoregion IBI biocriteria value of 44 for headwater and wadeabl e streams. Fewer than
25% of streams with moderate embeddedness achieving this 1Bl score and very few
streams with severe embeddedness achieve this value. Thus we can use the low-no
embeddedness range as an endpoint for sediment impaired streams.

Figure 4 illustrates a random selection of sitesin the WAP ecoregion and a subset of
these that were reference sites. We have used alinear regression line asto help us derive
average expectation between the substrate metric and the IBI for this ecoregion. A line
drawn from an IBI value of 44 (WAP biocriteriafor headwater and wading sites)
provides a useful baseline substrate metric goal of about 13-14 for WWH streams.

The endpoints derived above are site-specific goals for restoration, but it needs to be
reinforced that watershed management activities need to occur through a watershed.
Sampling coverage can never reach 100% of the watershed, but instead is designed to
sample enough sites, where possible, to provide estimates of condition in various parts of
watersheds. Statewide dataillustrates that habitat has effects at scales greater than a reach
or station. Figures 5-7 illustrate the effects of the scale of impact on QHEI and the
substrate metric and their influence on the 1Bl and the expected number of sensitive fish
species in Ohio. Habitat measures are medians for any data within that subbasin and I1Bls
are 90™ percentiles within these watersheds are a measure of best remaining biological
condition. There are significant relationships between these variables suggesting that the
degree of habitat |oss in a watershed exerts a strong influence on the achievement of
biological integrity. This argues for watershed wide application of best management
practices rather than an effort to fix only sites that were monitored. Raccoon Creek and
certain other WAP watersheds typically fall toward the higher end on these relationships
indicating that these streams, from a physical habitat perspective are highly restorable.

! physically modified reference sites are station that have had direct physical manipulation of habitat (e.g.,
channelization, dredging, etc), but that do not have influence from point sources or acute impacts from
livestock or agriculture. Nutrients are typically elevated from loss of riparian and/or encroachment of
landuses, but enrichment is not supplemented by heavy manure or fertilizer runoff.

122



This may not be not hold true, however in certain very extensively impacted
subwatersheds thus scale of impact should be considered in restoration activities.

The baseline TMDL restoration goals for the Western Allegheny Plateau ecoregion are
listed below:

QHEI Substrate Metric Endpoint for WWH streams:
13-14
QHEI Embeddedness Measure:
L ow-None
Mean Watershed Substrate Endpoint:
13-14

Examination of the plots used to derive these goals shows some scatter or variability
around these endpoints. These are useful endpoints to drive restoration activities even
with some variability. The biological datawill be the ultimate arbiter of success. If these
physical goals are achieved and the IBI does not recover after sufficient time has elapsed
the watershed will be reexamined for other remaining stressors. Similarly the stream may
recover biologically under certain conditions without reaching the final substrate goals,
especially the overall substrate score endpoint.

Some low gradient streams may find it difficult to reach a 13-14 score, however, proper
stream and watershed restoration actions may be sufficient to restore other habitat
featuresin these stream that did not requirea“TMDL” under the regulation. Such factors,
however, may have been more limiting than substrate in some instances (e.g., instream
cover, channel condition metrics). Thus, to restore the biology it will be important to
consider BMPs that restore other features of habitat other than sediment measures alone
that are derived because sediment is considered to be a “pollutant” while other habitat
limitations are considered “pollution” by the TMDL process. Thisisillustrate well in
Figure 8 that show the relationship between the degree of channelization as measured by
the QHEI and the QHEI substrate metric. It is clear that better quality substrates are
associated with natural or “recovered” sites and that poor channel condition resultsin fine
substrates, not likely to achieve the endpoints presented here. This strongly supports the
use of BMPs that focus on channel restoration where channelization or channel
simplifications is associated with sediment impairments.

Finally agoa of using thistype of information to develop “TMDLS’ or restoration
endpointsisto 1.) develop and refine amodel that will incorporate stream types and other
stream classification procedures into this process as that data becomes available, and 2.)
to examine links between IBI, the QHEI substrate metric, and pebble count procedures
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(e.0., zig-zag method) to provide a bit more precise measure of surface substrate and an
useful interim measure of progress.
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Appendix Figure 1. Relationship between QHEI and IBI for all reference sitesin Ohio
(natural and physically modified).



y =-2.0133 +0.24031x R'=0.63193
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Appendix Figure 2. Relationship between the QHEI and the substrate metric of the
QHEI for all reference sitesin Ohio (natural and physically modified).
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substrate metric of the QHEI and IBI for al reference sites in Ohio (natural and

physically modified) of less than or equal to 50 sq mi drainage size.
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Appendix Figure 5. Relationship between the median QHEI scores in each of 93 Ohio
subbasins and 90" percentile 1Bl scoresin these subbasins (measure of best sites
remaining).
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Appendix Figure 6. Relationship between the median watershed QHEI substrate metric
scores in each of 93 Ohio subbasins and 90" percentile 1Bl scoresin these
subbasins (measure of best sites remaining).
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Appendix Figure 7. Relationship between the median watershed QHEI substrate metric
scores in each of 93 Ohio subbasins and 90" percentile expected sensitive fish
species numbers in these subbasins (measure of best sites remaining). Expected
numbers of sensitive fish species were calculated as the number observed minus
the minimum number expected to score a5 for a given drainage size for the IBI.
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Appendix Figure 8. Relationship between the channelization subcomponent of the
channel condition metric of the QHEI and the substrate metric of the QHEI for all
reference sitesin Ohio (natural and physically modified) of less than or equal to
50 sq mi drainage size.
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Appendix Table 2. Attainment table for sites in or in the vicinity of the Middle Basin Raccoon Creek watershed
collected prior to 2002. Data primarily from Ohio EPA sources. Key to to individual

index biocrieria status:

Y — Yes, N — No, T- Score indicates toxic impact.
Macro
Macro 1B1 Miwb Macro - Aq
Station Fish R Statu MIw Statu . Statu QHE Life Sourc
1D RM RM 1B1 s b S ICI Narr S 1 Use Status e
Raccoon Creek - [09-500] Year: 1996
509500 14
50.10199 - 50.10 | - - o N - WWH NON 01
6
509500 "
39.90199 - 39.90 | - - o Y - WWH FULL 01
6
Raccoon Creek - [09-500] Year: 1995
509500
72.20199 | '2:2 | 72.30 | 4O Y 8.1 Y 46. Y 62. WWH FULL 01
: 0 0 2 0 0
509500
63.00109 | 93-8 | g3.80 | #*- Y 8.6 Y 48. Y 60. WWH FULL 01
2 0 0 7 0 5
509500
50.10109 | 20:1 | s0.10 | 4 Y 7.5 N 32. Y 63. WWH PARTIAL 01
: 0 0 9 0 0
509500
40.20199 | 40-2 | 39.090 | #*- Y 7-8 N 38. Y 47 WWH PARTIAL 01
. 0 0 8 0 0
509500
35.60109 | 32:6 | 35.60 | 42 Y 8-5 Y - G Y 62. WWH FULL 01
2 0 0 3 5
509500
29.20199 | 22:° | 20.10 | 8- Y 9-2 Y 46. Y 67- WWH FULL 01
2 0 0 5 0 5
509500
10.20109 | 10:9 | 10.20 | 40 Y 9-5 Y 48. Y 69- WWH FULL 01
: 0 0 3 0 5
509500 70. 8.3 55,
905 | 5-40 - : Y 5 Y - - o WWH FULL 01
Raccoon Creek - [09-500] Year: 1994
509500
39.90109 | 39:° | 39.90 | % Y 9.4 Y - G Y - WWH FULL 01
3 0 0 9
Raccoon Creek - [09-500] Year: 1993
509500
50.10199 | °0:2 | s0.10 | 36- N 6.8 N - G Y 63- WWH PARTIAL 01
: 0 0 2 0
509500
40.10199 | 40-1 | 40.10 | 36 N 77 N - G Y 72- WWH PARTIAL 01
3 0 0 8 5
509500
39.90199 | 39:° | 39.90 | 33 N 9.0 Y 26- N 71 WWH PARTIAL 01
3 0 0 0 0 0
509500
29.20199 | 29:3 | 29.10 | % Y 8.4 Y - G Y 64. WWH FULL 01
: 0 0 2 5
Raccoon Creek - [09-500] Year: 1990
509500 =
63.00199 - 63.00 | - - 2 Y - WWH FULL 01
0
509500
40.20109 | 40-2 | 40.10 | 3% N 75 N 46. Y 48. WWH PARTIAL 01
o 0 0 3 0 5
509500
10.20199 | 10:9 | 10.20 | 3% N 8.7 Y 46. Y 81. WWH PARTIAL 01
; 0 0 5 0 0
Elk Fork - [09-530] Year: 1995
509530
16.20199 | 16:2 | 16.20 | 39 N 36. Y 70. WWH PARTIAL 01
: 0 0 0 0
509530
13.00199 | 40 | 14.10 | 8- N 54. Y 67- WWH PARTIAL 01
: 0 0 0 5
509530
13.30199 | 33 | 13.30 | “2- Y 6.7 Y 14. MG Y 5. LRW FULL 01
: 0 0 6 0 0
509530
10.90199 | %0 | 10.00 | “3- Y 8.0 Y 44. Y 52. WWH FULL 01
: 0 0 3 0 0
509530 37. 7.9 54.
o005 | 8-60 - : N : Y - o WWH PARTIAL 01
509530 73. 8.2 65.
S00e0s | 2-20 - 3 y S Y - 2 WWH FULL 01
509530 36. 8.3 2. 58.
a5 | 0-20 | 0.10 ° y 5 Y 2 Y S LRW FULL 01
Elk Fork - [09-530] Year: 1981
509530
17.60108 | 17-6 - 30. N - 70. WWH NON 01
! 0 0 0
509530
16.20108 | %2 | 16.20 | - N - E Y 6s- WWH PARTIAL 01
1
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S09530
14.86198 | 47 - 36- - - WWH NON 01
1 0 0
S09530
13.00198 | 13:° - 18. 0.0 - WWH NON-T 01
1 0 0
S09530
13.30108 | 13-3 - 26. 2:9 T 0.0 - WiH NON-T 01
1 0 0 8
S09530
11.80198 | 18 - 12. - 0.0 - WWH NON-T 01
1 0 0
S09530
10.90198 | 19-° - 12. 3.4 T 0.0 - WWH NON-T 01
1 0 0 1
S09530 12. 2.3
8.501981 8.50 - 0 1 T 0.0 - WWH NON-T 01
S09530 18. 3.1
0.201981 0.20 0.10 0 0 T - G Y - WWH NON-T 01
Wolf Run - [09-533] Year: 1981
S09533 12.
0201081 | 0.20 ‘ - | o ‘ - 0.0 ‘ - ‘ LRW ‘ NON-T 01
Puncheon Fork - [09-534] Year: 1995
S09534 44 . 66.
1.501995 1.50 1.60 0 - G Y 0 WWH FULL 01
S09534 41. 65. LRW/WW FULL/
0.301905 | ©-30 | 0.30 0 - e Y 0 H FULL 01
Puncheon Fork - [09-534] Year: 1981
S09534 12.
0301981 | 0.30 ‘ - | o ‘ 0.0 ‘ - ‘ WWH ‘ NON-T 01
Robinson Run - [09-544] Year: 1999
S09544 30.
o o000 | 020 | - |3 \ 0.0 | - ] o | NON o1
Robinson Run - [09-544] Year: 1998
S09544 40. 64.
0.201998 | 0.20 ‘ - | 0 ‘ 0.0 ‘ s ‘ WWH ‘ FULL o1
Robinson Run - [09-544] Year: 1997
S09544 38.
0.201997 | 0.20 ‘ - | o ‘ 0.0 ‘ - ‘ WWH ‘ NON 01
Robinson Run - [09-544] Year: 1996
S09544 42.
1.601996 - 1.60 - - 0 Y - WWH FULL 01
S09544 31. 22. 60.
0.201996 0.20 0.20 0 0 N 0 WWH NON 01
Robinson Run - [09-544] Year: 1995
S09544 26. 46.
1.601995 1.60 1.60 0 0 Y - WWH NON-T 01
S09544 39. 46. 59.
0.201995 0.20 0.20 0 0 Y 5 WWH PARTIAL 60
S09544 42.
0.101995 0.10 - 0 - WWH FULL 60
Robinson Run - [09-544] Year: 1994
S09544
1.501994 - 1.60 - - G Y - WWH FULL 01
S09544 32.
0.201994 0.20 - 0 - WWH NON 01
Robinson Run - [09-544] Year: 1993
S09544 25.
1.601993 1.60 1.60 0 - MG Y - WWH NON-T 01
S09544 36. 46.
1.501993 1.50 - 0 5 WWH NON 01
S09544 33. 66.
0.201993 0.20 - 0 5 WWH NON 01
Sugar Run - [09-545] Year: 1998
S09545 40. 71.
oeoiees | 0 | - | % \ N FULL o1
Sugar Run - [09-545] Year: 1997
S09545 40.
0.601997 | 0.60 ‘ - | 0 ‘ ‘ - ‘ WWH ‘ FULL 01
Sugar Run - [09-545] Year: 1996
S09545 40. 46. 71.
0.601996 | 0.60 ‘ 0.30 | 0 ‘ o Y ‘ o ‘ WWH ‘ FULL 01
Sugar Run - [09-545] Year: 1995
S09545 12.
1.351995 1.50 - 0 - - WWH NON-T 01
S09545 40.
0.601995 0.60 0 - WWH FULL 01
S09545 37. 38.
0.101995 0.10 0.2 0 0 - WWH PARTIAL 60
Sugar Run - [09-545] Year: 1994
S09545 43.
0.101994 | 0.60 ‘ 0.10 | 0 ‘ - MG Y ‘ - ‘ WWH ‘ FULL 60
Sugar Run - [09-545] Year: 1993
S09545 33. 62.
0.601993 | 0.60 ‘ 0.10 | o ‘ ‘ MG Y ‘ 5 ‘ WWH ‘ PARTIAL 01
Strongs Run - [09-546] Year: 1999
S09546 28. EWH/ NON/
0.601999 | 0-60 ‘ - | 0 ‘ ‘ - ‘ WWH ‘ NON 01
Strongs Run - [09-546] Year: 1998
S09546 34. 70. EWH/ NON/
0.601998 | 0-60 ‘ - | 0 ‘ ‘ 0 ‘ WWH ‘ NON 01
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Strongs Run - [09-546] Year: 1997

S09546 42. 66. EWH/ NON/

0.601997 | 0.60 ‘ - | 0 ‘ 5 WWH ‘ FULL 01
Strongs Run - [09-546] Year: 1996

S09546 37. 69. EWH/

3.101006 | 3-10 - 0 5 WWH 01

S09546 32. 54. 68. EWH/ PARTIAL/PARTI

0.601996 | 0-60 | 1-50 | "9 0 Y 0 WiH AL 01
Strongs Run - [09-546] Year: 1995

S09546 12. EWH/

- - ? - -

6.701995 6.70 o 0.0 ? WWH NON-T 60

S09546 12. EWH/

2.301995 2.30 - 0 - 0.0 ? - WWH NON-T 60

S09546 32. 34. 66. EWH/

1.501995 1.50 1.50 0 0 N 0 WWH NON/NON 01

S09546 24. EWH/

0.601995 0.60 - 0 0.0 ? - WWH NON-T 01
Strongs Run - [09-546] Year: 1994

S09546 40. EWH/

1.501994 1.50 1.50 0 - MG N - WWH NON/FULL 01

S09546 44 . EWH/

0.701994 0.70 - 0 - WWH NON/FULL 01

S09546 34. EWH/

0.601994 0.60 - 0 - WWH NON/FULL 01
Strongs Run - [09-546] Year: 1993

S09546 18. EWH/

1.501993 1.50 1.50 0 - MG N - WWH NON-T/ NON-T 01

S09546 15. 64. EWH/

0.601993 0.60 - 0 ? 0 WWH NON-T/ NON-T 01
Strongs Run - [09-546] Year: 1991

S09546 34. EWH/

1.501991 | - ‘ 1.50 | - - ‘ 0 N ‘ - WWH ‘ NON/NON 01
Strongs Run - [09-546] Year: 1990

S09546 28. EWH/

5.901990 - 5.90 - - 0 N - W NON/NON 01

S09546 46. EWH/

1.501990 - 1-50 - - 0 Y - W FULL/FULL 01
Strongs Run - [09-546] Year: 1989

S09546 EWH/

5.901989 - 5.90 - - - G N - W NON/FULL 01

S09546 40. EWH/

1.501989 - 1.50 - - 0 N - WWH NON/FULL 01
Strongs Run - [09-546] Year: 1988

S09546 - 24. EWH/

5.901988 5.90 - - P N - W NON/NON 01

S09546 - 26. EWH/

0.601988 0-60 - - 0 N - W NON/NON 01
Strongs Run - [09-546] Year: 1987

S09546 EWH/

0.601987 | 0.60 ‘ 0-60 | - - - F N ‘ - i ‘ NON/NON | 01
Williams Run - [09-547] Year: 1993

S09547 55.

0.101993 | 0.10 ‘ - | - ‘ 5 EWH ‘ QHEI Only | 01
Opossum Run - [09-548] Year: 1995

S09548 42. 63. LWH/

0.201995 | 0.20 ‘ 0.10 | 0 - F Y ‘ 5 WWH ‘ FULL/PARTIAL | 05
Flatlick Run - [09-549] Year: 1996

S09549 40. 67. LWH/

2.801006 | 2-89 - 0 o i FULL/FULL 01

S09549 44 . 40. LWH/

0.601996 0.60 0.50 0 0 Y - WWH FULL/FULL 01
Flatlick Run - [09-549] Year: 1995

S09549 38. 59. LWH/

0.701905 | 0-70 - 0 . i FULL/NON 05

S09549 30. 52. 60.- LWH/

0.601995 0.60 0.50 0 0 Y 0 WWH FULL/PARTIAL 01
Flatlick Run - [09-549] Year: 1994

S09549 32. LWH/

0.601994 | 0.60 ‘ 0.50 | 0 ‘ - ‘ G Y ‘ - WWH ‘ FULL/PARTIAL 01
Flatlick Run - [09-549] Year: 1993

S09549 40. LWH/

0.701003 | 0-70 - 0 - i FULL/FULL 01

S09549 28. 67. LWH/

0.601993 0.60 0.60 0 - MG Y 0 WWH FULL/PARTIAL 01
Flatlick Run - [09-549] Year: 1991

S09549 38. LWH/

0.601991 | 0.60 ‘ 0.60 | - - ‘ 0 Y ‘ - WWH ‘ FULL/NON | 01
Flatlick Run - [09-549] Year: 1990

S09549 38. LWH/

0.601990 | 0.60 ‘ 0.60 | - - 0 Y ‘ - WWH ‘ FULL/FULL | 01
Flatlick Run - [09-549] Year: 1989

S09549 LWH/

0.601989 | 0.60 ‘ 0-60 | - - - P Y ‘ - i ‘ FULL/NON | 01
Flatlick Run - [09-549] Year: 1988

S09549 28. LWH/

0.601988 | 0.60 ‘ 0.60 | - - s Y ‘ - W ‘ FULL/NON | 01
Flatlick Run - [09-549] Year: 1987

S09549 LWH/

0.601987 | 0-60 ‘ 0.60 | - - - MG Y ‘ - o ‘ FULL/FULL | 01

Karr Run - [09-550] Year: 1995
S09550 | 0.20 | 0.20 [ 32. [ - | P T Y Te56. LWH | FULL [ 05
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0.201995 | [ 0 ] [ 5 ]
Indiancamp Run - [09-551] Year: 1995
S09551 28. 82.
0.301995 | 0.30 0.40 | 0 ‘ Y ‘ ‘ ‘ - ‘ F ‘ Y ‘ 0 ‘ LWH FULL | 01
Rockcamp Run - [09-552] Year: 1995
S09552 12. 64.
0.201995 | 0.20 0.30 | o ‘ Y ‘ - - ‘ P ‘ Y ‘ 0 ‘ LWH FULL | 05
Pierce Run - [09-553] Year: 1995
S09553 34. 52.
1.701995 | 1.70 1.70 | o ‘ Y ‘ - ‘ P ‘ Y ‘ 0 ‘ LWH FULL | 05
Zinns Run - [09-554] Year: 1995
S09554 44 8.0 68.
0.501995 | 0.50 0.50 | p ‘ Y ‘ s - G Y ‘ s ‘ WWH FULL | o1
Zinns Run - [09-554] Year: 1991
S09554
0_501991| - 0.50 | - ‘ ‘ - - MF Y ‘ - ‘ WWH FULL | 01
Zinns Run - [09-554] Year: 1990
S09554 24.
0_501990| - 0.50 | - ‘ ‘ - p Y ‘ - ‘ WWH NON | 01
Zinns Run - [09-554] Year: 1989
S09554 16.
0_501989| - 0.50 | - ‘ ‘ - o Y ‘ - ‘ WWH NON | 01
Zinns Run - [09-554] Year: 1988
S09554 26.
0.501988 | - 0.50 | - ‘ ‘ - 0 Y ‘ - ‘ WWH NON | 01
Long Run - [09-556] Year: 1995
S09556 38. 68.
1.401995 | 1.40 1.40 | o ‘ N ‘ - ‘ F N ‘ 5 ‘ WWH NON | 01
Flat Run - [09-557] Year: 1995
S09557 36. 50.
1.601995 | 1.60 1.30 | 0 ‘ Y ‘ - G ‘ Y ‘ 5 ‘ LWH FULL | 05
Russell Run - [09-558] Year: 1995
S09558 36. 47.
0.701995 | 0.60 0.70 | 0 ‘ N ‘ - G ‘ Y ‘ 5 ‘ WWH PARTIAL | 05
Merrit Run - [09-559] Year: 1995
S09559 34. 62.
0.101995 | 0.10 0.10 | p ‘ N ‘ - P ‘ T ‘ 5 ‘ WWH NON-T | o1
Tedroe Run - [09-560] Year: 1995
S09560 28. 54.
0.101995 | 0.10 0.10 | ps ‘ Y ‘ - F ‘ Y ‘ p ‘ LWH FULL | 05
Onion Creek - [09-561] Year: 1995
S09561 30. 5.0 76.
1.401995 | 1.40 1.40 | 0 ‘ Y ‘ & - VG Y ‘ 5 ‘ LWH FULL | 05
Laurel Run - [09-562] Year: 1995
S09562
0_101995| - 0.10 | - ‘ ‘ - ‘ - ‘ G Y ‘ - ‘ WWH FULL | o1
Wheelabout Creek - [09-570] Year: 2000
S09570 28. 67.
0.602000 | 0.60 0.60 | 0 ‘ N - ‘ G N ‘ o EWH NON | 05
Trib. to EIk Fork (RM 11.17) - [09-578] Year: 1995
S09578
0.401995 | - 0.40 | - ‘ - - ‘ F N ‘ - WWH NON | 01
Trib. to EIk Fork (RM 11.17) - [09-578] Year: 1981
S09578 12.
0.401981 - 0.10 o T - - P Y - LRW NON-T 01
S09578 12.
0.401981 0.40 0.10 0 T - - P T - WWH NON-T 01
Siverly Creek - [09-581] Year: 2000
S09581 NONE/
0.302000 | - 0.30 | - ‘ ‘ - - G ‘ Y ‘ - ‘ VIWH FULL |
Siverly Creek - [09-581] Year: 1997
S09581 40. 67. NONE/
0.301997 | 0.90 - | 0 ‘ Y ‘ ‘ 0 ‘ WWH FULL | 05
Sugar Run - [09-582] Year: 1999
S09582
0.201999 | - 0.10 | - ‘ ‘ - ‘ - ‘ P ‘ T ‘ - ‘ NONE NON-T |
Sugar Run - [09-582] Year: 1994
S09582 26. 1.4 38.
oo |02 | - %] v | - 2 [ % | o | o
Carbondale Creek - [09-586] Year: 2000
S09586 12. 1.7 51.
0.302000 | 0.50 0.30 | o ‘ Y ‘ S ‘ - VP T ‘ 5 NONE NON-T | 05
Trib. to Raccoon Creek (RM 98.96) - [09-589] Year: 1995
S09589 37. 6.8 37.
0.101995 | 0.10 0.10 | o ‘ N ‘ ; ‘ - F ‘ N ‘ s ‘ WWH NON | 01
Dunkle Creek - [09-590] Year: 2000
S09590
0.902000 | - 0.70 | - ‘ - - MG Y ‘ - ‘ NONE FULL |
Dunkle Creek - [09-590] Year: 1996
S09590 34. 4.3 64.
0.901996 | 0.90 - | o ‘ Y > ‘ 0 ‘ NONE | 05
Little Beaver Creek - [09-595] Year: 1999
S09595
0.401999 | - 0.40 | - ‘ - ‘ - ‘ F ‘ N - ‘ NONE NON
Trib. to Carbondale Creek (RM 0.67) - [09-596] Year: 2000
S09596 16. 66.
0.102000 | 0.10 0.10 | 0 Y ‘ - ‘ ‘ - ‘ G ‘ Y 0 ‘ NONE FULL | 05
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