Mine Water Environ (2012) 31:266-272
DOI 10.1007/s10230-012-0194-4

TECHNICAL ARTICLE

The Lasting Impacts of Offline Periods in Lime Dosed Streams:
A Case Study in Raccoon Creek, Ohio

Natalie A. Kruse - Jennifer R. Bowman -
Amy L. Mackey - Benny McCament -
Kelly S. Johnson

Received: 30 December 2011/ Accepted: 28 May 2012 /Published online: 15 June 2012

© Springer-Verlag 2012

Abstract Hewett Fork in Raccoon Creek, Ohio was a
large source of acid mine drainage (AMD) to the main stem
of Raccoon Creek, impacting the biological community for
several kilometers. To reduce this impact, the AMD
treatment was implemented in the Hewett Fork subwater-
shed to treat water from the largest mine drainage source in
the watershed near the village of Carbondale. From prior to
installation of wetland treatment in 2000 and installation of
the lime doser in 2004, the pH of the mine discharge has
been raised from about 4 to about 9, which greatly
improved biological communities in Hewett Fork and
Raccoon Creek. During the summer of 2010, the doser was
off-line for approximately 2 weeks. While the chemistry of
Hewett Fork showed little lasting change due to non-
treatment, biological surveys show the effect of temporary
non-treatment. In the year and a half since the doser was
off-line, surveys have shown that the fish community was
seriously impacted due to non-treatment and it has not yet
recovered; the macroinvertebrate community, on the other
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hand, showed little impact due to non-treatment, and has
shown no lasting effect of non-treatment.

Keywords Calcium oxide - Active treatment - Doser -
Biological recovery

Introduction

Raccoon Creek is a direct tributary of the Ohio River. The
Raccoon Creek Watershed in Southern Ohio has a drainage
area of 1,772 km? (684 square miles); it is 75 % forested
and is very rural. 8,721 ha of surface mines and 10,364 ha
of underground mines were abandoned before the Federal
Surface Mine Control and Reclamation Act was passed in
1977. Most of the mining occured in the head waters of
Raccoon Creek and in the Little Raccoon Creek subwa-
tershed marked on Fig. 1. Hewett Fork is a subwatershed in
the headwaters of Raccoon Creek watershed (shaded dark
gray in Fig. 1). Three major sources of acid mine drainage
(AMD), shown in Fig. 2, affect Hewett Fork, Carbondale
East and West drifts, Carbondale Creek and Trace Run
(Fig. 2). Before treatment, mine drainage from Hewett
Fork caused fish kills in the mainstem of Raccoon Creek
(Rice et al. 2002).

After previous wetland treatment did not meet acidity
load reduction targets (NPS 2009), an Aquifix lime-doser
(Fig. 2) was installed in the Spring of 2004 using the dis-
charge of Carbondale East drift to power the auger. Passive
treatment systems estimated to be either insufficient or cost
prohibitive at this site. While the initial use of kiln dust
caused bridging in the doser, subsequent dosing with cal-
cium oxide has been effective in not only buffering the acid
from Carbondale East and West, but also from Carbondale
Creek and Trace Run (NPS 2009) for all but a few recorded
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Fig. 1 Raccoon Creek Watershed with Hewett Fork subwatershed
highlighted in grey

events. Due to space and financial restrictions, no sediment
pond or polishing wetland was included in the treatment
system, so a stretch of stream downstream from the doser
discharge collects the majority of the precipitates formed
during treatment. Initially, the goal of the Carbondale
Doser was to reduce the impact that Hewett Fork had on
the mainstem of Raccoon Creek, 17.7 km (11 miles)
downstream. While achieving warm water habitat use
designation in Hewett Fork was never an articulated goal,
monitoring since construction has shown that it is
achievable.

The Ohio EPA (OEPA) classifies streams based upon
use designation recommendations that take into account a
combination of biological, chemical, and physical attri-
butes (OEPA 1997). Raccoon Creek is considered a warm
water stream since water temperatures are too high to
support salmonids or other cold water species. The use
designation categories used in Raccoon Creek are Excep-
tional Warm Water Habitat (EWH), Warmwater Habitat
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Fig. 2 Map of sampling points in the Hewett Fork subwatershed of
Raccoon Creek

(WWH) and Limited Resource Water—Acid Mine Drainage
(LRW-AMD). Attainment of each use designation is based
upon biocriteria defining health of fish communities and
macroinvertebrate communities, as shown in Table 1.
While the macroinvertebrate biotic index used here (MAIS,
Macroinvertebrate Aggregate Index for Streams) is not
officially used for stream designation, it is used in this
region as an approximation for the official measure (ICI,
Invertebrate Community Index), which may only be
assessed once per decade by Ohio EPA due to resource
restrictions. Hewett Fork was originally designated as
LRW-AMD, suggesting that it has no near-term prospect
for recovery; however, after treatment, some sites in the
lower reaches of Hewett Fork are in partial attainment
(meeting some but not all of the biocriteria) of WWH.
This paper is a case study of the effects of the Car-
bondale doser running out of calcium oxide for an interval
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Table 1 Ohio EPA biocriteria for stream use designations (OEPA

Table 2 Site names and locations for all sites evaluated on Hewett

2007) Fork
EWH WWH LRW-AMD Site name River Distance downstream Drainage
(km)  of doser area

QHEI 75 60 n/a

IBI 50 44 18 Upstream 22 n/a 7.7 ac/3.1 ha

MAIS 12 Carbondale doser 17.7 0 n/a

- - — - Route 56 15.8 1.2 mi/1.9 km 14.9 ac/6 ha

MAIS is not officially used by OEPA as a biocriteria. QHEI is a Waterl 134 27 mi/d3 k 16.5 ac/6.7 h

measure of habitat quality but not a measure of attainment aterloo ) -/ MyS.S km - ac/b.fha
Route 356 11.6 3.8 mi/6.1 km 19.9 ac/8.1 ha

during the summer of 2010. The empty doser was dis- ~ King HollowRd ~10.3 4.6 mi/7.4 km 22 ac/8.9 ha

covered within a week; material ordering and shipping  King Tunnel §  6mi/9.7km 27 ac/10.9 ha

times led to a down-time of nearly 2 weeks. While this was ~ Rockcamp 6.4 7 mi/11.3 km 35 ac/14.2 ha
Moonville 1.4 10.1/16.3 km 40.2 ac/16.3 ha

the result of simple human error, it provided an ideal
opportunity to study both the effects of non-treatment or
the shock of untreated water and the biological recovery of
the stream. Although it has been investigated, telemetry
monitoring of doser contents is not feasible at this site due
to its remote location and lack of cellular coverage; a hard
line telemetry system is out of the financial scope of the
Raccoon Creek Partnership. In addition to the empty doser,
the concrete channel downstream of the doser that channels
dosed mine water to Hewett Fork had recently been emp-
tied of excess calcium oxide precipitates by vaccuum truck
(during Spring 2010), so much of its residual buffering
capacity was removed and the residence time in the
channel was reduced.

Methods

Water chemistry was measured multiple times per year at
the monitoring sites shown in Fig. 2, including monthly
samples from Waterloo to Moonville from July 2010 to
June 2011. Biological quality was assessed at each site,
although which assemblages were assessed varied by year
based on the annual sampling plans of the Raccoon Creek
Partnership, Ohio Environmental Protection Agency, Ohio
Department of Natural Resources and Ohio University.
Assessment of fish communities results in a multimetric
index of biological health called the Index of Biotic
Integrity (IBI) (Karr 1981) and the assessment of macro-
invertebrate communities results in a multimetric index of
biological health called the Macroinvertebrate Aggregate
Index for Streams (MAIS) (Smith and Voshell 1997). This
study presents biological data collected at the seven loca-
tions on Hewett Fork shown in Fig. 2. The Route 56 site
represents the sacrifice zone in Hewett Fork downstream
from the doser; Waterloo, Route 356, and King Hollow
Road sites represent the transitional zone between poor and
fair biological quality and King Tunnel, Rockcamp, and
Moonville are sites that were expected to show strong
biological recovery. Site information is shown in Table 2;
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Fig. 2. In addition to these sites, water quality was mea-
sured at the discharge from the Carbondale East and West
drifts before April 2004, and the discharge from the doser
after April 2004. Water quality was measured at all sites
quarterly from July 2010 to Oct. 2011 and monthly for the
sites from Waterloo downstream to Moonville from July
2010 to June 2011.

Field data was measured with a sonde or handheld meter
(equipment: Yellow Springs Inc. 600 XLM datasonde or
Myron L Ultrameter 6P) and included temperature (degrees
Celsius), pH, specific conductivity (1S/cm), and dissolved
oxygen or ORP (mg/L and percentage saturation or mV). A
three point pH calibration and calibration with 1,500 puS/cm
conductivity standard were conducted the morning of each
field day. Calibration checks were performed to check the
probe life; probes were changed if the calibration checks
were not within 0.1 pH standard units and +10 % of the
conductivity standard level. Water flow was measured at
each site with a SonTek Flow Tracker handheld-ADV, a
pygmy flow meter, or a Baski collapsible cutthroat flume.
Filtered preserved (5 ml 20 % v/v HNO3;), non-filtered
preserved, and non-filtered non-preserved samples were
gathered and sent to the Ohio Department of Natural
Resources—Division of Mineral Resources Management
Environmental Lab in Cambridge, Ohio for analysis of
chemical water quality characteristics. All samples were
stored at 4 °C until analysis. Analysis was performed for
acidity, alkalinity, pH, temperature, specific conductance,
hardness, total dissolved solids, total suspended solids,
dissolved oxygen, sulfate, calcium, magnesium, aluminum,
iron and manganese using a Perkin Elmer Optima 2000
ICP, a Dionex ICS-2000 Ion Chromatography system and a
Brinkmann Automated Titration system. All field data is
catalogued on Ohio University’s Voinovich School’s web-
based watershed database (http://www.watersheddata.com).

All 2010 bioassessments were performed after the doser
was offline and subsequently refilled. Macroinvertebrate
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surveys were performed during July 2010, within two to
3 weeks after the doser was refilled. Fish surveys were
conducted from Aug. 3-6, 2010, with a second survey on
Sept. 20, 2010 at key sites to confirm the impact of non-
treatment. The results presented here show the chemical
and biological response to 2 weeks of non-treatment and
the level of biological recovery during the year after the
doser was refilled.

Index of Biotic Integrity (IBI)

The index of biotic integrity (IBI) is a multimetric index
for fish populations (Karr 1981; OEPA 1988). It is used in
Ohio to assess the attainment of water quality use desig-
nations for warm water streams (OEPA 2007). The IBI is
calculated based upon 12 different factors; each factor is
given a score of either 1, 3, or 5. The minimum score is 12
and the maximum is 60. A score of 44 is required to attain a
WWH use designation for wadable sites in the Western
Allegheny Plateau ecoregion of Ohio (includes Raccoon
Creek watershed). The metrics that are included in this
multimetric index for wading streams are total number of
species, number of darter species, number of sunfish spe-
cies, number of sucker species, number of intolerant spe-
cies, percent tolerant species, percent omnivores, percent
insectivore species, percent top carnivores, number of
individuals, percent simple lithophils, and percent with
DELT (deformities, eroded fins, lesions, and tumors)
anomalies. The sites on Hewett Fork were assessed
according to Ohio EPA protocols, including a 200 m reach
of stream sampling from downstream to upstream during
the index period of April 15 to Oct. 15.

Macroinvertebrate Aggregated Index for Streams
(MAIS)

The Macroinvertebrate Aggregated Index for Streams
(MAIS) is a family-level rapid bioassessment method for
macroinvertebrates (Smith and Voshell 1997) accepted by
the Ohio EPA as a level 2 (rapid) bioassessment method for
assessment of mine impacted streams in the Western
Allegheny Plateau ecoregion, including Raccoon Creek
(Johnson 2009). MALIS scores are calculated based on nine
metrics and can range from O to 18. These metrics include
number of Ephemeroptera (caddisfly), Plecoptera (stonefly)
and Trichopera (mayfly) families, number of mayfly fam-
ilies, percent abundance of mayflies, percent of population
made up by the five most dominant taxa combined,
Simpson Diversity Index (integrates richness and even-
ness), Modified Hilsenhoff Biotic Index (taxa are weighted
by pollution tolerance), number of intolerant taxa, percent
of the sample that are scrapers (macroinvertebrates that
feed on periphyton), and percent of that sample that are

haptobenthos (macroinvertebrates that require clean,
coarse, firm substrates) (Johnson 2009). The sites on
Hewett Fork were all sampled using standardized rapid
bioassessment methods. Within a 150 m reach, three riffles
were sampled using kick nets and all other available hab-
itats were sampled with 20 jabs of a d-ring dip net. All
individuals were picked from the nets in the field and
preserved in ethanol for identification to family and
quantification. For consistency, macroinvertebrate sam-
pling was conducted during July of each year.

Results

While the Carbondale doser improved the chemical and
biological quality of Hewett Fork when it was installed in
Spring 2004, the doser was inadverantly left empty for
approximately 2 weeks during late June 2010. The last IBI
measurement prior to that time was in 2008 at Waterloo,
4.7 km (2.9 miles) downstream from the doser, with a
score of 24 (up from the pre-treatment minimum value of
12); the last prior MAIS measurement was in 2009, with a
score of 6 (no pre-treatment data exists). In the week prior
to the doser being off-line (on June 23, 2010), an electro-
fishing demonstration (not a full survey) was performed at
Waterloo by the authors. During this demonstration, in
addition to many pollution tolerant species, several longear
sunfish in full mating color, least brook lamprey, and redfin
shiners were found, indicating water quality and habitat
improvements. Redfin shiner and least brook lamprey were
new species at this site and least brook lamprey are a
declining species in Ohio (OEPA 1988).

Prior to construction of the doser, Carbondale East and
West contributed over 317.5 kg/day (700 Ibs/day) of acid
into Hewett Fork. Between installation of the doser in
Spring 2004 and June 2010, when the doser was tempo-
rarily off-line, the discharge from the doser (Fig. 3) and
Moonville at the mouth of Hewett Fork (Fig. 4) were
consistently net alkaline. It appears that the doser being
off-line did not significantly affect the aquatic chemistry of
Hewett Fork, as shown in Fig. 4. Since the doser was
refilled, the dosing rate has been adjusted several times to
minimize the maintenance necessary due to excess calcium
oxide in the concrete channel downstream. This, along with
low flow effects have contributed to the variability of
net alkalinity at both Waterloo and Carbondale, as shown
in Figs. 3, 4. As shown in Fig. 3, since the June 2010
period of non-treatment, the discharge from the doser has
been less consistently and less strongly net alkaline. The
TMDL (total maximum daily load) for Raccoon Creek for
biological recovery is 20 mg/L net alkalinity (OEPA
2002). From Spring 2004 to June 2010, the average
net alkalinity of the doser discharge (Site 131) was
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230 mg/L as CaCOs;, from June 2010 to October 2011, the
average net alkalinity of the doser discharge was -5.4 mg/L
as CaCOs;. In contrast, the net alkalinity at Moonville has
remained consistently positive (average 24.2 mg/L as
CaCO;3) and the net alkalinity at Waterloo has remained
consistently net neutral (average 1.1 mg/L as CaCO3) since
the doser was installed. While the net alkalinity in the doser
discharge has been variable from June 2010 to Oct. 2011,
the metal concentrations at both Waterloo (average 2.5 mg/L
total iron and 1.0 mg/L total aluminum) and Moonville
(average 0.65 mg/L total iron and 0.18 mg/L total alumi-
num) have remained at the post-treatment levels despite
both the period of non-treatment and the varying dosing
rates the following year.

However, the health of the biological communities is a
better indicator of long term improvement. Since the con-
struction of the doser, biological health has improved
throughout the Hewett Fork subwatershed, as seen in
Figs. 5,6,7. As shown in Fig. 5, the IBI at Waterloo pre-
treatment was 12, the lowest possible score. During the next
few years, the IBI improved to a maximum of 30, and
consistently achieved a score of 24. In the 2010 sampling
season, fish were surveyed twice at Waterloo; both surveys
resulted in a score of 12. During the 2011 sampling season,
all sites except Moonville were sampled for fish; the IBI
score at Waterloo remained at the minimum score of 12 and
the remaining scores, as shown in Fig. 5, were significantly
lower than the scores measured between 2004 and 2008,
with the exception of King Tunnel. The low score at
Rockcamp in 2011 is most likely a result of the difficult
sampling conditions caused by deep water rather than poor
water quality. While the IBI scores have been remarkably
low in 2010 and 2011, the fish species richness has not
decreased significantly, as shown in Fig. 7. Apparent
decreases in species richness below river km 6.4 are most
likely due to gradual deepening of the sample sites, making
sampling more difficult. While this is merely a measure-
ment of the number of fish species collected, consistent
species richness with decreasing IBI scores suggests that the
system cannot support either large communities or com-
munities of intolerant or moderately intolerant fish. The
data implies that the short term pollution spike followed by
minimal treatment impedes the ability for the fish popula-
tion to rebound. While this paper does not attempt to
diagnose the mechanism, many possibilites exist including
temporary exceedence of a tolerance value for a particular
contaminant and interuption of reproduction (e.g. Driscoll
and Schecher 1990; Gotomski 1990).

The macroinvertebrate scores in 2010 returned to the
pretreatment level of 3 at Route 56 and Waterloo, the
lowest levels measured at these sites since the doser was
installed, as shown in Fig. 6. The 2007 macroinvertebrate
survey also showed low scores (MAIS score = 3) at Route

@ Springer

Net Alkalinity at the Mine Discharge/Doser Discharge
1400

Peried of Non-
Treatment

Doser -
Treatment
Installed

1200

g8 8

@

o

=]
>

g

Alkalinity (mg/L as CaCO;)
= g
L J
S
.
+
-

& . @
*

g

* *
* L ]
f tae
*
’.

5

600

10/28/1995 7/24/1998  4/19/2001 1/14/2004 10/10/2006 7/6/2009  4/1/2012

Fig. 3 Net alkalinity of mine discharge (pre-treatment) and doser
discharge (post-treatment)
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Fig. 4 Net alkalinity measurements at Moonville, Waterloo, and
Carbondale focussing on the period of non-treatment

56 and Waterloo due to drought conditions. The remainder
of the downstream sites surveyed in 2010 showed no sig-
nificant drop in MAIS scores from any post-treatment year.
Additionally, the temporal effect of non-treatment is short.
As shown in Fig. 6, the 2011 MAIS scores had returned to
2004-2009 levels. The macroinvertebrate community
showed greater resilience than the fish community, with the
impacts limited both spatially and temporally. Although
the impacts of long-term acidification on macroinvertebrate
communities through loss of sensitive taxa and replace-
ment with more tolerant forms has been well documented
(Hall et al. 1980; Rosemond et al. 1992; Weatherly and
Ormerod 1991), many taxa, including the more sensitive
mayfly, caddisfly, and stonefly taxa, can in fact tolerate
short exposures (5-10 days) to low pH (4.0-5.0) (Allard
and Moreau 1987; Bernard et al. 1990; Courtney and
Clements 1998; Kratz et al. 1994; Vuori 1995; Weatherly
and Ormerod 1991). In fact, the disappearance of mayflies
from acidified waters is more often attributed to higher
mortality at emergence (Bell 1971; Hall et al. 1980; Zische
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Fig. 7 Fish species richness from the Hewett Fork fish surveys
between 2000 and 2011; while non-treatment did affect several fish
metrics, the species richness was not significantly impacted

et al. 1983), inhibition of oviposition in acid waters
(Sutcliffe and Carrick 1973), or drift from the affected area
(Hall et al. 1980; Hopkins et al. 1989) than mortality.

Stream macroinvertebrate communities have the capacity
to recover rapidly, within days or weeks, after physical
disturbance or drought, especially if there are upstream
populations from which individuals can disperse (drift)
downstream into the affected area (Churchel et al. 2006;
Fritz and Dodds 2004; Gjerlov et al. 2003; Wallace 1990).
Recovery may take longer if macroinvertebrates have to
disperse over greater distances, for example by adult flight.
Nonetheless, there are examples of nearly full recovery
from AMD impairment occurring within 1-2 years after
remediation (Cairns et al. 1971; Nelson and Roline 1996).
Recovery at more isolated sites can take more than 5 years
if there are no nearby source populations (Fuchs 1990;
Richards and Minshall 1992). Episoidic acid pulses can
retard recovery of stream macroinvertebrates (Kowalik
et al. 2007). Macroinvertebrate assemblages in streams
with a history of acidification may show less response to
and faster recovery from shorter bouts of acidification if the
sensitive taxa have already been eliminated and the
majority of taxa present are those with more tolerance to
acidification.

Conclusions

While alkaline addition can be extremely effective at
minimizing the impacts of AMD and improving biological
communities, equipment failures, human error, and lack of
maintenance can lead to treatment shutdown. A single
short- term mistake can take its toll on the health of a
watershed for years to come. Hewett Fork did not have the
resilience to quickly bounce back from a short period of
non-treatment. Fish communities have been affected for
two field seasons for over 11 km (7 miles) downstream
from the doser, while the impact to the macroinvertebrate
community was smaller at both spatial and temporal scale.
While the lime doser has allowed biological communities
to return to Hewett Fork and the headwaters of Raccoon
Creek, without long-term maintenance and operation funds
for both active and passive treatment systems to sustain
improved water quality and biological recovery, streams
like Hewett Fork will return to pre-treatment conditions.
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