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upper range of concentrations typical for large rivers not grossly polluted. For sestonic
chlorophyll, the range is defined by literature sources, especially Van Nieuwenhuyse
and Jones (1996), and Heiskary et al. (2010). For the remaining the parameters, the
ranges are defined by the 75™-90" percentiles of values of statewide reference sites for
large rivers as given in Ohio EPA (1999). The inverted triangles arrayed along the top
margin in (a) denote the locations of low-head dams. Lines drawn through the data
points are from Locally Weighted Sequential Smoothing (LOWESS), with a bandwidth

O 00,5 e et aa——_

Figure 11. Longitudinal profiles of key water quality indicators for the lower Great
Miami River: a) total phosphorus, b) ortho-phosphorus, c) total Kjeldahl nitrogen
(TKN), and d) nitrate, nitrite nitrogen. The shaded region in the total phosphorus plot
depicts the upper range of concentrations typical for large rivers not subject to gross
levels of pollution (Van Nieuwenhuyse and Jones 1996, Ohio EPA 1999, USEPA 2000,
Heiskary et al. 2010, USGS 2008). The dashed line in the TKN plot represents the 90"
percentile of value of statewide reference sites for large rivers as given in Ohio EPA
(1999). The dashed line in the nitrate plot represents the threshold where toxicity is
evident for highly sensitive organisms (Camargo et al. 2005, MPCA 2010). The
inverted triangles arrayed along the top margin in (a) denote the locations of low-head
dams. Lines drawn through the data points are from Locally Weighted Sequential
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toxicity are likely. The shaded region in the TKN plot shows the upper range of

concentrations (i.e., the 75™ -90"™ percentiles) typical for small streams within the
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Great Miami River. Within-year sample sizes are plotted along the top of each plot.
Linear contrasts of 1993-2003 means against 2008-2010 means are indicated by
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correlated with the respective axes are shown in the overlay. The strength of correlation
between a given variable and an axis is depicted by the length of the line drawn to each
variable (e.g., drainage area is strongly correlated with the second axis). The minimum
correlation coefficient for plotting an environmental variable was 0.50. The lone site in
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FOREWORD

What is a Biological and Water Quality Survey?

A biological and water quality survey, or “biosurvey”, is an interdisciplinary monitoring effort
coordinated on a waterbody specific or watershed scale. This effort may involve a relatively
simple setting focusing on one or two small streams, one or two principal stressors, and a handful
of sampling sites or a much more complex effort including entire drainage basins, multiple and
overlapping stressors, and tens of sites. Each year Ohio EPA conducts biosurveys in 4-5
watersheds study areas with an aggregate total of 350-400 sampling sites.

The Ohio EPA employs biological, chemical, and physical monitoring and assessment
techniques in biosurveys in order to meet three major objectives: 1) determine the extent to
which use designations assigned in the Ohio Water Quality Standards (WQS) are either attained
or not attained; 2) determine if use designations assigned to a given water body are appropriate
and attainable; and 3) determine if any changes in key ambient biological, chemical, or physical
indicators have taken place over time, particularly before and after the implementation of point
source pollution controls or best management practices. The data gathered by a biosurvey is
processed, evaluated, and synthesized in a biological and water quality report. Each biological
and water quality study contains a summary of major findings and recommendations for
revisions to WQS, future monitoring needs, or other actions which may be needed to resolve
existing impairment of designated uses. While the principal focus of a biosurvey is on the status
of aquatic life uses, the status of other uses such as recreation and water supply, as well as human
health concerns, are also addressed.

The findings and conclusions of a biological and water quality study may factor into regulatory
actions taken by Ohio EPA (e.g., NPDES permits, Director’s Orders, the Ohio Water Quality
Standards [OAC 3745-1], Water Quality Permit Support Documents [ WQPSDs]), and are
eventually incorporated into the biennial Integrated Water Quality Monitoring and Assessment
Report (305[b] and 303[d]) and Total Maximum Daily Load (TMDL) reports developed to
address identified pollutants impairing Ohio waterbodies.

Hierarchy of Indicators

A carefully conceived ambient monitoring approach, using cost-effective indicators consisting 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 includes a hierarchical continuum from administrative to
true environmental indicators (Figure i). 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,

XVi



EAS/2012-5-7

Lower Great Miami River TSD

May 12, 2012

Soealiom Erlvames

fal- Lt "

>l LeVEL 1 Shand” e

3 Siatss £ e e la

— 215 N Pglucs

- aza a3l Sy lllaslan

ﬁ' fruen Floates Py walos

SR 2 e S e
oA Tt B e et

fhocst st
Changes | N
LEVEL 8 Crachenge S wty 1
Quentiies s £ i nanen
Pish Kils

anges n Yeater Colama Chemisiry

= LEVEL 4 Amisant Sedirest Counisty

5 Gondiions Foo M

2
Changes i wnn =l Sasasty .

Sl LevELE  nmemder Jous

= Assimbation “het A

3

-1
Changes In .

Sl LevELe  Heehax S s e
Ecology. or THgh PR S
Other Effect (ATRS Cealning Semdeer

Figure i. Hierarchy of administrative and environmental indicators which can be used for water
quality management activities such as monitoring and assessment, reporting, and the evaluation
of overall program effectiveness. This is patterned after a model developed by the U.S. EPA.

XVii



EAS/2012-5-7 Lower Great Miami River TSD May 12, 2012

biomarkers, wasteload allocation); 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 translate 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 aquatic 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 recreation 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 Integrated Water Quality Monitoring and Assessment Report (305[b]
and 303[d]), the Ohio Nonpoint Source Assessment, and other technical bulletins.

Ohio Water Quality Sandards. Designated Aquatic Life Use

The Ohio Water Quality Standards (OAC 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-aquatic life uses. In applications of the Ohio WQS to the
management of water resource issues in Ohio’s rivers and streams, the aquatic 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 all 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 aquatic organisms for Ohio rivers and streams; this use represents the principal
restoration target for the majority of water resource management efforts in Ohio.
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2) Exceptional Warmwater Habitat (EWH) - this use designation is reserved for waters which
support “unusual and exceptional” assemblages of aquatic organisms which are characterized by
a high diversity of species, particularly those which are highly intolerant and/or rare, threatened,
endangered, or special 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 federal law; the representative aquatic 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 (usually <3 mi’ drainage
area) 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.

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 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.

Ohio Water Quality Sandards. Non-Aquatic Life Uses

In addition to assessing the appropriateness and status of aquatic life uses, each biological and
water quality survey also addresses non-aquatic life uses such as recreation, water supply, and
human health concerns as appropriate. The recreation uses most applicable to rivers and streams
are the Primary Contact Recreation (PCR) and Secondary Contact Recreation (SCR) uses. The
criterion for designating the PCR use can be having a water depth of at least one meter over an
area of at least 100 square feet or, lacking this, where frequent human contact is a reasonable
expectation. If a water body does not meet either criterion, the SCR use applies. The attainment
status of PCR and SCR is determined using bacterial indicators (e.g., fecal coliform, E. coli) and
the criteria for each are specified in the Ohio WQS.
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Attainment of recreation uses are evaluated based on monitored bacteria levels. The Ohio Water
Quality Standards state that all waters should be free from any public health nuisance associated
with raw or poorly treated sewage (Administrative Code 3745-1-04, Part F). Additional criteria
(Administrative Code 3745-1-07) apply to waters that are designated as suitable for full body
contact such as swimming (PCR- primary contact recreation) or for partial body contact such as
wading (SCR- secondary contact recreation). These standards were developed to protect human
health, because even though fecal coliform bacteria are relatively harmless in most cases, their
presence indicates that the water has been contaminated with fecal matter.

Water supply uses include Public Water Supply (PWS), Agricultural Water Supply (AWS), and
Industrial Water Supply (IWS). Public Water Supplies are simply defined as segments within
500 yards of a potable water supply or food processing industry intake. The AWS and IWS use
designations generally apply to all waters unless it can be clearly shown that they are not
applicable. An example of this would be an urban area where livestock watering or pasturing
does not take place, thus the AWS use would not apply. Chemical criteria are specified in the
Ohio WQS for each use and attainment status is based primarily on chemical-specific indicators.
Human health concerns are additionally addressed with fish tissue data, but any consumption
advisories are issued by the Ohio Department of Health.
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Executive Summary

Of the 75 river miles assessed during 2010 in the lower Great Miami River (GMR), 60.6 miles
were fully attaining the designated Warmwater Habitat aquatic life use. Of the 14.4 miles in
non-attainment, nutrient over-enrichment was the principal cause of impairment. Transient
impacts from thermal loadings were, however, evident downstream from the Dayton Power and
Light Hutchings Plant, and downstream from the Hamilton Municipal Electric Plant.
Additionally, the thermal loadings exacerbated effects from nutrient enrichment. Lastly,
ammonia loadings from the Taylor Creek WWTP contributed to impairment over a short reach
(< 1 mile).

The number of miles documented as impaired in 2010 were half that of 1995, owing to
diminished impacts from combined sewer overflows and inadequately treated municipal and
industrial effluent. For example, the immediate footprint from the AK Steel 011 outfall was
apparently confined to the mixing zone in 2010, as opposed to over a mile in 1995. Additionally,
concentrations of metals and organic compounds in sediments collected downstream from the
011 outfall were significantly lower in 2010, with most below threshold effects levels, compared
to 1995 when concentrations of polyaromatic hydrocarbons and metals, especially arsenic,
chromium, and copper, exceeded probable effects levels.

A review of monthly operating reports submitted by NPDES permitted facilities discharging in
the lower GMR study area suggested that most were generally in compliance with numeric limits
and other permit terms. Facilities with significant non-compliance included the West Carrollton
Parchment Company (discharges to the GMR via a short stretch of Owl Creek) and several small
package plants, notably the Canterbury Row Condo Association, that discharge to headwaters in
the Taylor Creek assessment unit. Impact to the GMR main stem from the West Carrollton
Parchment Company was not evident, likely given the amount of dilution offered by the GMR.
However, headwaters in the Taylor Creek basin were impaired.

Localized areas of impairment were observed in several direct tributaries to the lower GMR,
including the headwaters of Taylor Creek as previously mentioned, Wolf Creek through the City
of Brookville due to a combination of urban street runoff, and organic enrichment from the
Brookville WWTP, Holes Creek near Lyons Road due to an apparent failure in the sewage
collection system, Elk Creek due to natural causes, Dicks Creek due to high levels of total
dissolved solids, and Pleasant Run due to urban street runoff.

Table 1 reports condition status for the locations sampled during the 2010 lower GMR survey,
and summarizes causes and sources of impairment for locations found in non-attainment of
designated aquatic life uses.
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Table 1. Site-level condition assessments for the Great Miami River and its tributaries based on biological indicators sampled during 2010. Where the
biological indicators demonstrate less than full attainment of the designated beneficial aquatic life use, causes and sources are noted. For a given site,
the most proximate cause is listed first. Cells with scores within the range of non-significant departure of WWH are shaded gray; those with scores
significantly less than the applicable biocriteria are shaded yellow and orange (i.e., corresponding to the Fair and Poor narrative ranges). Biocriteria for
the Eastern Cornbelt Plains Ecoregion apply to all assessments units except for the Taylor Creek subwatershed, where the Interior Plateau criteria

apply.
Assessment Unit | STORET ‘ RM ‘ ICI® IBI MIWb® ‘ ATTAINMENT | Causes" Sources
Large River Great Miami 14-001-000
610060 80.65 | E 44 8.7 FULL
HO9W02 78.85 | 46 54 10.0 FULL
HO9W67 77.24 | 42 52 9.8 FULL
HO9W73 75.70 | 50 52 9.6 FULL
610130 73.70 | NA 46 8.3 (FULL)
HO9W56 72.40 | E 58 9.9 FULL
HO9K15 71.70 | 48 48 9.9 FULL
600070 69.90 | VG 48 9.2 FULL
201902 69.30 | MG NA NA
HO9K21 68.70 | 52 52 9.2 FULL
H09S13 66.90 | 50 50 9.2 FULL
63 Industrial Thermal
Discharges (Dayton Power &
Light Co OH Hutchings Station
HO9K11 64.10 | 32 32 8.2 Partial 388 Temperature 11B00004)
HO9W68 62.58 | 36 39 8.7 FULL
H09S31 60.58 | NA 46 8.4 (FULL)
HO9K07 59.50 | 44 NA NA (FULL)
HO9W77 58.20 | 46 48 8.9 FULL
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Table 1. Site-level condition assessments for the Great Miami River and its tributaries based on biological indicators sampled during 2010. Where the
biological indicators demonstrate less than full attainment of the designated beneficial aquatic life use, causes and sources are noted. For a given site,
the most proximate cause is listed first. Cells with scores within the range of non-significant departure of WWH are shaded gray; those with scores
significantly less than the applicable biocriteria are shaded yellow and orange (i.e., corresponding to the Fair and Poor narrative ranges). Biocriteria for
the Eastern Cornbelt Plains Ecoregion apply to all assessments units except for the Taylor Creek subwatershed, where the Interior Plateau criteria

apply.
Assessment Unit | STORET ‘ RM ‘ ICI® IBI MIWb® ‘ ATTAINMENT | Causes" Sources

Great Miami 14-001-000
143 Livestock (Grazing or
Feeding Operations) 144 Crop
Production (Crop Land or Dry
Land) 85 Municipal Point

600040 52.64 | 40 42 7.8 Partial 100005 Nutrients Source Discharges

300940 51.60 | 44 51 9.9 FULL

H09G01 51.44 | 42 50 9.4 FULL

301461 51.27 | 18 NA NA Comment: Mixing zone, biocriteria do not apply.

HO9W78 51.24 | NA 48 8.7 (FULL)

600330 49.10 | 50 39 8.7 FULL

HO9W79 48.00 | 36 44 8.6 FULL

201888 47.10 | VG 50 9.3 FULL

HO9K02 45.30 | 40 39 8.9 FULL

610090 42.80 | 46 39 8.0 FULL

H11W35 34.20 | 32 49 9.4 FULL
63 Industrial Thermal
Discharges (Hamilton
Municipal Electric Plant

H11K18 33.60 | 26 42 9.8 Partial 388 Temperature 11B00008)
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Table 1. Site-level condition assessments for the Great Miami River and its tributaries based on biological indicators sampled during 2010. Where the
biological indicators demonstrate less than full attainment of the designated beneficial aquatic life use, causes and sources are noted. For a given site,
the most proximate cause is listed first. Cells with scores within the range of non-significant departure of WWH are shaded gray; those with scores
significantly less than the applicable biocriteria are shaded yellow and orange (i.e., corresponding to the Fair and Poor narrative ranges). Biocriteria for
the Eastern Cornbelt Plains Ecoregion apply to all assessments units except for the Taylor Creek subwatershed, where the Interior Plateau criteria

apply.

Assessment Unit | STORET ‘RM ‘ICIb IBI MIWb® ‘A‘I‘I’AINMENT Causes® Sources

Great Miami 14-001-000

143 Livestock (Grazing or
Feeding Operations); 144

100005 Nutrients; Crop Production (Crop Land
100 BOD, Biochemical or Dry Land); 85 Municipal
201881 32.70 | 14 40 10.1 Partial oxygen demand Point Source Discharges

143 Livestock (Grazing or
Feeding Operations); 144

100005 Nutrients Crop Production (Crop Land
100 BOD, Biochemical or Dry Land); 85 Municipal
201879 31.40 | 44 35 9.6 Partial oxygen demand Point Source Discharges

143 Livestock (Grazing or
Feeding Operations); 144

100005 Nutrients Crop Production (Crop Land
100 BOD, Biochemical or Dry Land); 85 Municipal
H11W51 28.70 | 40 37 9.7 Partial oxygen demand Point Source Discharges
H11W14 26.10 | 38 39 9.7 FULL
H11W54 23.40 | G 39 9.7 FULL
H11S29 20.00 41 10.2 (FULL)
H11W20 15.49 | G 39 9.5 FULL
143 Livestock (Grazing or
H11W55 Feeding Operations); 144
100005 Nutrients Crop Production (Crop Land
100 BOD, Biochemical or Dry Land); 85 Municipal
14.80 | 32 34 9.7 Partial oxygen demand Point Source Discharges
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Table 1. Site-level condition assessments for the Great Miami River and its tributaries based on biological indicators sampled during 2010. Where the
biological indicators demonstrate less than full attainment of the designated beneficial aquatic life use, causes and sources are noted. For a given site,
the most proximate cause is listed first. Cells with scores within the range of non-significant departure of WWH are shaded gray; those with scores
significantly less than the applicable biocriteria are shaded yellow and orange (i.e., corresponding to the Fair and Poor narrative ranges). Biocriteria for
the Eastern Cornbelt Plains Ecoregion apply to all assessments units except for the Taylor Creek subwatershed, where the Interior Plateau criteria
apply.

Assessment Unit | STORET ‘ RM ‘ ICI® ‘ IBI ‘ MIWb® ‘ ATTAINMENT ‘ Causes® ‘ Sources

Great Miami 14-001-000

Hitws? | 8.20] 42 | 40 104 |FunL | |
050800020101 North Branch Wolf Creek 14-039-000

301022 3.97 | VG 48 FULL

600230 0.69 | VG 46 8.4 FULL

Unnamed Tributary to North Branch Wolf Creek 14-039-001 — WWH Recommended

301025 | 042|ve |46 | | FuLL | |

Razor Run 14-040-00

301251 | 0.60 | NA |48 | | (FuL) | |

050800020102 Wolf Creek 14-037-000

476 Other (impacts
associated with runoff
from impervious surfaces

and lawns in urban 169 Unspecified Urban
settings) Stormwater; 177 Urban
HO9WS81 16.61 | F 36 Partial 449 Organic Enrichment Runoff/Storm Sewers

050800020102 Wolf Creek 14-037-000

476 Other (impacts
associated with runoff
from impervious
surfaces and lawns in
urban settings) 169; 177 Unspecified Urban
Stormwater/Urban Runoff

HO9W82 1532 | F 34 Non
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Table 1. Site-level condition assessments for the Great Miami River and its tributaries based on biological indicators sampled during 2010. Where the
biological indicators demonstrate less than full attainment of the designated beneficial aquatic life use, causes and sources are noted. For a given site,
the most proximate cause is listed first. Cells with scores within the range of non-significant departure of WWH are shaded gray; those with scores
significantly less than the applicable biocriteria are shaded yellow and orange (i.e., corresponding to the Fair and Poor narrative ranges). Biocriteria for
the Eastern Cornbelt Plains Ecoregion apply to all assessments units except for the Taylor Creek subwatershed, where the Interior Plateau criteria

apply.
Assessment Unit | STORET RM ICI° IBI MIWb? ATTAINMENT | Causes® Sources
449 Organic Enrichment
449 Organic Enrichment | 85 Municipal Point Source
91 Ammonia (Un- Discharges (Brookville WWTP
HO9K25 1490 | F 38 Partial ionized) 1PC00000)
449 Organic Enrichment | 85 Municipal Point Source
(Sewage)91 Ammonia Discharges (Brookville WWTP
203503 10.40 | G 32 Partial (Un-ionized) 1PC00000)
050800020103 | wolf Creek 14-037-000
300818 2.49 | 52 51 8.8 FULL
HO9W99 1.00 | 46 36 8.0 FULL
Dry Run 14-038-000
203504 | 0.20]G
050800020104 Holes Creek 14-036-000
449 Organic Enrichment
91 Ammonia (Un- 115 Sanitary Sewer Overflows
301027 859 | P 24 Non ionized) (Collection System Failures)
300652 3.37 46 FULL
050800020106 Opossum Creek 14-035-000
300942 140 | G 48 FULL
300943 0.10 | G
050800020401 Bear Creek 14-029-000
Hoowss | 12.09 | G 46 FULL
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Table 1. Site-level condition assessments for the Great Miami River and its tributaries based on biological indicators sampled during 2010. Where the
biological indicators demonstrate less than full attainment of the designated beneficial aquatic life use, causes and sources are noted. For a given site,
the most proximate cause is listed first. Cells with scores within the range of non-significant departure of WWH are shaded gray; those with scores
significantly less than the applicable biocriteria are shaded yellow and orange (i.e., corresponding to the Fair and Poor narrative ranges). Biocriteria for
the Eastern Cornbelt Plains Ecoregion apply to all assessments units except for the Taylor Creek subwatershed, where the Interior Plateau criteria

apply.
Assessment Unit | STORET RM ICI° IBI MIWb? ATTAINMENT | Causes® Sources
HO9P06 9.75 | G 44 FULL
H09S04 7.08 | 36 50 FULL
203509 5.80 | NA 42 8.7 (FULL)
Little Bear Creek 14-030-000
Hoopo7 | 1.01]G | 48 | | FuLL |
050800020402 Bear Creek 14-029-000
Ho9s01 | 0.24 |54 | 43 | 8.7 | FuLL |
050800020403 | Clear Creek 14-024-000
203516 11.10 | G 52 FULL
HO9W49 7.57 | 42 48 8.8 FULL
HO9W50 6.90 | 36 46 8.3 FULL
203513 2.50 | 46 53 9.7 FULL
300812 0.77 | 44 48 9.0 FULL
050800020701 Elk Creek 14-022-000 Verified Exceptional Warmwater Habitat
300944 10.10 | E 50 FULL
Natural — stream has aggraded since being channelized;
pool depths were > 1 m prior to 1995; pool depths
HO9W89 3.70 | E 46 7.9 Partial measured in 2010 were < 0.7 m
Natural — stream has aggraded since being channelized;
pool depths were > 1 m prior to 1995; pool depths
HO9PO1 1.49 | 46 48 8.7 Partial measured in 2010 were < 0.7 m
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Table 1. Site-level condition assessments for the Great Miami River and its tributaries based on biological indicators sampled during 2010. Where the
biological indicators demonstrate less than full attainment of the designated beneficial aquatic life use, causes and sources are noted. For a given site,
the most proximate cause is listed first. Cells with scores within the range of non-significant departure of WWH are shaded gray; those with scores
significantly less than the applicable biocriteria are shaded yellow and orange (i.e., corresponding to the Fair and Poor narrative ranges). Biocriteria for
the Eastern Cornbelt Plains Ecoregion apply to all assessments units except for the Taylor Creek subwatershed, where the Interior Plateau criteria

apply.
Assessment Unit | STORET ‘ RM ‘ ICI® IBI MIWb® ‘ ATTAINMENT | Causes" Sources
050800020702 Browns Run 14-023-000
300945 2.70 | E 42 FULL
300946 093 |G 54 FULL
050800020704 | Dicks Creek 14-018-000
62 Industrial Point Source
399 TDS Discharge (AK Steel Corp
HO9W66 0.93 | 42 45 7.1 Partial 100005 Nutrients 11D00001)
050800020705 Gregory Creek 14-016-000
HO9P02 529 | G 50 FULL
300811 098 | G 52 9.6 FULL
Coldwater Creek 14-017-000
300047 | 0.60 | MG 54 | FuLL |
050800020901 Pleasant Run 14-013-000
300948 3.75 | MG 36 FULL
300949 2.10 42 (FULL)
Pleasant Run Trib 14-013-001
476 Other (urban 169 Unspecified Urban
stormwater milieu) Stormwater; 177 Urban
300950 0.10 | F 36 Partial 449 Organic Enrichment | Runoff/Storm Sewers
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Table 1. Site-level condition assessments for the Great Miami River and its tributaries based on biological indicators sampled during 2010. Where the
biological indicators demonstrate less than full attainment of the designated beneficial aquatic life use, causes and sources are noted. For a given site,
the most proximate cause is listed first. Cells with scores within the range of non-significant departure of WWH are shaded gray; those with scores
significantly less than the applicable biocriteria are shaded yellow and orange (i.e., corresponding to the Fair and Poor narrative ranges). Biocriteria for
the Eastern Cornbelt Plains Ecoregion apply to all assessments units except for the Taylor Creek subwatershed, where the Interior Plateau criteria

apply.
Assessment Unit | STORET ‘ RM ‘ ICI® ‘ IBI ‘ MIWb® ‘ ATTAINMENT ‘ Causes® ‘ Sources
050800020903 Paddy's Run 14-005-000
Hi1co2 | 4736 52 | | FuLL
050800020905 | Taylor Creek 14-004-000
H11K20 350 | F Comment: This site is impacted by urban stormwater
600360 3.10 | NA 48 (FULL)
H11K19 1.60 | G 50 FULL
300902 0.82 | 44 40 8.4 FULL
Wesselman Creek 14-004-001
300951 3.00 | G 42 FULL
H11K21 030 |G 56 FULL
050800020905 | Briarly Creek 14-004-002
476 Other (impacts
associated with runoff
from impervious 169 Unspecified Urban
surfaces and lawns in Stormwater; 177 Urban
H11K23 1.13 26 (Non) urban settings) Runoff/Storm Sewers
476 Other (impacts
associated with runoff
from impervious 169 Unspecified Urban
surfaces and lawns in Stormwater; 177 Urban
H11K22 0.10 | G 22 Non urban settings) Runoff/Storm Sewers
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Table 1. Continued.

IBI MIWb ICI
WWH EWH WWH EWH WWH EWH
ECBP/IP ECBP/IP ECBP/IP
Headwaters 40/40 50 NA NA 36/30 46
Wadeable 40/40 50 8.3/8.1 94 36/30 46
Boat 42/38 50 8.5/8.7 9.6 36/30 46

a- MIwb is not applicable to headwater streams with drainage areas < 20 mi’.

b- Qualitative narrative evaluation based on community composition, EPT taxa richness, and QCTV scores are given letter scores (e.g., E — Exceptional, VG —
Very Good, etc.).

c- Causes and Sources listed are considered to be a primary influence on water quality, but may not be the only issue leading to impairment. See text for
discussion of additional causes that cumulatively have led to impairment.
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Recommendations

Satus of Non-Aquatic Life Uses

All non-aquatic life uses should remain as presently designated in the Ohio Water Quality
Standards for all of the waters surveyed within the study area. For those not presently
designated, industrial water supply, agricultural water supply, and recreational use (Class B) are
appropriate designations.

GREAT MIAMI RIVER (LARGE RIVER UNIT)

Satus of Aquatic Life Uses

The Great Miami River was assessed from the confluence of the Mad River (RM 81.5)
downstream to the confluence with the Whitewater River (RM 6.5). This reach of the Great
Miami River is designated Warmwater Habitat for beneficial aquatic life uses. Ofthe 75
assessed miles, 60.6 miles were in full attainment of the designated aquatic life use, and 14.4
miles were not attaining the use. Thermal loadings from the Dayton Power and Light Hutchings
Plant directly caused a brief departure from attainment due to fish avoiding the area downstream
from the discharge. Indirectly, the elevated temperatures downstream from the plant helped to
foment impacts from nutrient over-enrichment as evidenced by the strong association between
temperature, sestonic chlorophyll and 5-day biochemical oxygen demand.

Nutrient over-enrichment was clearly evidenced by anomalously high sestonic chlorophyll
levels, and 24-hourour swings in dissolved oxygen (DO) in excess of 15 mg/l — or 3 times what
is typical for large rivers. Chlorophyll levels averaged 124 pg/l over the summer, with values
over 200 pg/l measured in July. These levels are five to ten times higher than what are typical
for large rivers, even those considered enriched. Nutrient over-enrichment was the primary
cause of non-attainment for 13.9 miles of the 14.4 impaired miles. Thermal loadings from the
Hamilton Municipal Electric Plant also contributed to non-attainment downstream from the
Hamilton Recreation Dam, and exacerbated impacts from nutrient enrichment. The nutrient
over-enrichment was initially fueled by loadings from diffuse sources in the upper watershed,
primarily agriculture, and sustained by local point sources through the summer. The highest
chlorophyll levels, and widest DO swings were measured on the heels of high late spring/early
summer flows (Figure 1).

Other Recommendations and Future Monitoring Concerns

Macroinvertebrates sampled in the AK Steel 011 mixing zone demonstrated acute impacts from
the discharge. Additional monitoring in the river downstream from the outfall where the effluent
if fully mixed is recommended to ascertain if the river is impaired by the effluent.

Given the magnitude of over-enrichment in the lower GMR, the usual pablum of reducing
nutrient loading through voluntary agricultural best management practices is rendered quaint.
Clearly, systemic changes are needed in the way nutrients and drainage are managed on the
agricultural landscape. Also, because much of the lower GMR corridor is highly managed and
hemmed-in by dikes, opportunities to re-build floodplain capacity and hyporheic exchange need
to be examined to increase assimilative capacity, as well as restore habitat types common to large
rivers. One possible avenue for this is to utilize abandoned quarries adjacent to the river. And if
a low-head dam does not have a clear, economically vital purpose, it should be removed. Lastly,
phosphorus limits are needed for major point sources contributing loads to the lower GMR.

11
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Figure 1. a) Maximum and minimum dissolved oxygen concentrations recorded by automated
data loggers measuring hourly concentration over a 24-hour period. Loggers were deployed in
the lower GMR on July 6, 2010 and September 7, 2010. b) Summer flows (cfs) in the lower
GMR during 2010 at the Hamilton USGS gauge. The dashed red line in the flow plot (b)
approximates median flows for the gauging station’s period of record (1927-present).
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WOLF CREEK [0508000201-01, 02, 03 & 06]

Satus of Aquatic Life Uses

All sites monitored in the North Branch of Wolf Creek attained the existing or recommended
WWH aquatic life use designation. The headwaters of Wolf Creek were impaired by
urban/suburban stormwater and organic enrichment upstream from the Brookville WWTP, and
by organic enrichment from the Brookville WWTP downstream from the plant. Sites monitored
in the lower reach of Wolf Creek all met WWH. Opossum Creek was in full attainment of
WWH.

Other Recommendations and Future Monitoring Concerns

Monitoring in Wolf Creek upstream from Brookville at either Arlington Road or Pleasant Plain
Road is recommended to ascertain the extent, and possibly the source, of organic enrichment that
was impairing the reach through Brookville. As Wolf Creek shows signs of enrichment,
additional loads may result in over-enrichment. However, nutrient loads from the Brookville
WWTP are largely being assimilated by the creek prior to reaching the GMR main stem.

BEAR CREEK [0508000204-01, 02]
Satus of Aquatic Life Uses
The WWH aquatic life use was met at all sites monitored in Bear Creek and in Little Bear Creek.

Other Recommendations and Future Monitoring Concerns

Bear Creek shows signs of enrichment. Future additional loads may result in over-enrichment.
However, nutrient loads from the New Lebanon WWTP are largely being assimilated by the
creek prior to reaching the GMR main stem.

HOLES CREEK [0508000201-04]

Satus of Aquatic Life Uses

Two sites were monitored along the Holes Creek main stem. The site at Lyons Road was
impaired by organic enrichment from an unknown collection system failure. The site monitored
at Mad River Road met the WWH aquatic life use.

Other Recommendations and Future Monitoring Concerns
Clearly, the source of organic enrichment in the vicinity of Lyons Road needs to be identified.

CLEAR CREEK [0508000204-03]

Satus of Aquatic Life Uses

All five sites monitored in Clear Creek met the biocriteria for WWH aquatic life use. However,
a longitudinal pattern of impact and recovery was evident in relation to the Springboro WWTP.

Other Recommendations and Future Monitoring Concerns

Nutrient loads from the Springboro WWTP are delivered to the GMR. The Clear Creek
subwatershed experienced considerable growth during the housing bubble (c. 1999-2007).
Remnants of a high quality assemblage (e.g., mimic and rosyface shiners, banded darters) were

13
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present , but were likely a vestige of pre-boom conditions. Low-impact designs that mimic pre-
development hydrology and passively treat stormwater are encouraged for future developments
within the basin.

ELK CREEK AND BROWNS RUN [0508000207-01 & 02]

Satus of Aquatic Life Uses

Elk Creek is designated Exceptional Warmwater Habitat (EWH) based on sampling one location
in 1987 (RM 3.7). Elk Creek was historically channelized through the lower several miles, and
has subsequently aggraded thanks to an abundant supply of till throughout the catchment. The
upshot of this is that pool depth has decreased from over 1 m to less than 0.7 m since 1987,
resulting in lower MIWb scores because of the absence of large fish in the catch — redhorse were
absent in the 2010 samples, though other sensitive fishes were well-represented. Hence, the lack
of attainment is through natural causes. Two sites were sampled on Browns Run and both met
WWH.

Other Recommendations and Future Monitoring Concerns
In due course, deep pools are likely to reform through natural channel evolution, given the great
supply of glacial material in the stream.

Dicks CREEK (14-018)

Satus of Aquatic Life Uses

One site was monitored in the lower mile of Dicks Creek (HO9W66, RM 0.93) as a follow-up to
on-going remediation work. The site failed to meet the existing WWH use due primarily to high
levels of TDS, and secondarily to nutrient enrichment.

Other Recommendations and Future Monitoring Concerns
Habitat quality in the lower mile of Dicks Creek is marginal, and if restored, might tip the
balance in favor of full attainment.

GREGORY AND COLDWATER CREEK [0508000207-05]
Satus of Aquatic Life Uses
Three sites sampled within the assessment unit all met the criteria for WWH.

Other Recommendations and Future Monitoring Concerns

The Gregory and Coldwater Creek subcatchment is the least developed on the eastern flank of
the lower GMR. Low-impact designs that mimic pre-development hydrology and passively treat
stormwater are encouraged for future developments within the subcatchment.

Pleasant Run [0508000209-01]

Satus of Aquatic Life Uses

Three sites were monitored in the Pleasant Run assessment unit, two met the criteria for WWH,
albeit marginally, and one did not meet due to organic enrichment associated with urban

14
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stormwater. Pleasant Run is highly developed, with most of the land use in the basin devoted to
residential, commercial and attendant transportation uses.

Other Recommendations and Future Monitoring Concerns

Given the level of development in the catchment, meeting WWH is a challenge. To prevent
water quality and aquatic life in the basin from further deterioration, any opportunity for retrofit
or modification of existing stormwater management to restore a more natural hydrologic regime
and treat contaminants associated with stormwater (e.g., metals and polyaromatic hydrocarbons)
needs to be exploited.

PADDY’S RUN (14-005)
Satus of Aquatic Life Uses
One site sampled in Paddy’s Run met the biocriteria for WWH.

Other Recommendations and Future Monitoring Concerns
The creek was modestly enriched at the monitoring location (H11C02; RM 4.32), and should be
monitored more fully to ascertain longitudinal attainment.

TAYLOR CREEK [0508000209-05]

Satus of Aquatic Life Uses

Six locations in the Taylor Creek assessment unit were monitored in 2010. Four of the locations
met the biocriteria for WWH aquatic life use, one was impaired, and was qualitatively assessed
with a narrative score of Fair. Taylor Creek near the junction of Sheed Road and Johnson Road
(H11K20, RM 3.5) was rated Fair based on a qualitative macroinvertebrate sample, and appeared
impacted by stormwater. Fish communities in Briarly Creek (H11K22, RM 0.1) were sadly
pauperized by an unknown cause.

Other Recommendations and Future Monitoring Concerns

A resample of Briarly Creek conducted during 2011 verified that the impact observed in 2010
was not transitory, and therefore likely symptomatic of a larger problem. A fish sample
collected from Taylor Creek immediately downstream Briarly Creek in 2011 was rated very
good, confirming that the impact to Briarly Creek is localized.

15
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Table 2. Use designations for water bodies in the lower Great Miami River basin updated based on the results of the 2010 survey. Asterisks
denote existing uses unverified by intensive surveys. Unverified existing uses confirmed by the present survey are noted by */+. Use changes or
new streams with recommendations based on the results of the 2010 survey are noted by a delta (A) symbol.

Use Designations
Aquatic Life Water .
Habitat s | Recreation
Water Body Segment abita upply Comments
SIW|IE|M|S|C|L]JP|A|[I|B|P|S
RIWIW|W|S|IW|RIWW(WlW|C|C
WJH({H|[H|[H|H|W]S|S|S R|R
[
Great Miami river - CSX RR bridge (RM 84.5) to the Troy dam + + + +
(RM 107.0)
-at RMs 86.6, 90.3, 118.5 and 130.2 + + + + + PWS intakes - Dayton (RMs 86.6 and 90.3),
Piqua (RM 118.5), and Sidney (RM 130.2)
- RM 108.0 to downstream of Piqua dam (RM 114.0) + + + +
- st.rte. 66 (RM 116.7) to the Sidney water works dam + + + +
(RM 130.2)
- Pasco-Montra rd. (RM 134.8) to the Quincy dam + + + +
(RM 143.4)
- all other segments + + + +
Doublelick run * * * *
Whitewater river + + + +
Sand run * * * *
Dry fork - Ohio-Indiana state line (RM 20.66) to RM 19.6 * * * *
- RM 19.6 to Atherton rd. (RM 10.2) + + + +
- Atherton rd. to the mouth + + + +
- within Miami Whitewater forest boundaries * + + + +
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Use Designations
Aquatic Life Water .
. Recreation
Water Body Segment Habitat Supply Comments
SIW|(E{M|S|C|L]JP|A|[I]B|fP]|S
RIWW/W|S|W|RIW|IW(W[W|C|C
WJH|{H|H|H|H[{W]S|[S]|S R|R
[
Lee creek * * * *
Howard creek * * * *
Kiata creek + + + +
Sater run * * * *
Phillips creek * * * *
Jamison creek * * * *
East fork - headwaters to Little creek (RM 41.7) + + + +
- Little creek to state line + + + +
Elkhorn creek * * * *
Mud creek * * * *
Horn ditch * * * *
Rocky fork * * * *
Little creek * * * *
Brinley fork * * * *
Jocqueway creek * * * *
Dry run * * * *
Jordan creek * * * *
Unnamed tributary (Great Miami river RM 13.23) + + + +
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Use Designations
Aquatic Life Water Recreation
Water Body Segment Habitat Supply Comments
SIW|(E{M|S|C|L]JP|A|[I]B|fP]|S
RIWW/W|S|W|RIW|IW(W[W|C|C
WJH|{H|H|H|H[{W]S|[S]|S R|R
[

Taylor creek + + + +
Wessleman creek + + + +
Briarly creek + + + +

Steele creek + + + +

Paddy's run + + |+ +

Bluerock creek + + + +

Owl creek */+ *fa | /4 N

Dunlap run * * * *

Dry run * * * *

Indian creek * + + + +
Lick run + + + +
Salmon run * + + + +
Reserve run + + + +
Little Indian creek + + + +

Banklick creek * * * *

Pleasant run */+ *14 | */+ */4

Crawford run * * * *

Two Mile creek * * * *
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Use Designations

Aquatic Life Water .
. Recreation
Water Body Segment Habitat Supply Comments

S|w M|S|C|LJP|[A|[I]B|P|S

RIWIW|W|S|IW|RIWW(WJW|C|C

WJ|H({H|[H|H|H|W]S|S]|S R|R

0

Shaffer creek * * * *
Fourmile creek - headwaters to confluence with Acton lake * + + + +
- Darrtown rd. (RM 13.0) to Sevenmile ave. (RM 0.4) + + +
- all other segments + + + +
Sevenmile creek - Paint creek (RM 15.2) to the mouth + + +
- all other segments + + + +
Ninemile creek * * * *
Big Cave run + + + +
Rush run + + + +
Paint creek * + + + +
Opossum run * * * *
Sugar run * * * *
Beasley run + + + +
Pottenger run + + + +
Rocky run + + + +
Periwinkle run + + + +
Becketts run * * * *
Stony run + + + +
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Use Designations

Aquatic Life Water .
. Recreation
Water Body Segment Habitat Supply Comments
SIW|E|M|S|C|L]JP|A|[I|B|P|S
RIWIW|W|S|IW|RIWW(WJW|C|C
WJ|H({H|[H|H|H|W]S|S]|S R|R
T
Darrs run + + + +
Collins creek + + + +
Bull run * * * *
Harkers run + + + +
Elams run (Tolland creek) (Fourmile creek RM 18.80) + + + +
Spring run (Fourmile creek RM 20.19) * * * *
Morning Sun tributary north (Fourmile creek RM 23.57) + + + +
Morning Sun tributary south (Morning Sun tributary north RM + + + +
0.25)
Little Fourmile creek * + + + +
Fleisch run + + + +
East fork * + + + +
Dixon branch (Harris run) * + + + +
Brentwood tributary * * * *
Greencrest tributary * * * *
Gregory creek */+ *4 | */+ */4
Coldwater creek */+ *14 | */+ */4
Dicks creek - Cincinnati-Dayton rd. (RM 5.4) to Yankee rd. (RM 2.4) + + + + ECBP ecoregion - channel modification
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Use Designations
Aquatic Life Water .
. Recreation
Water Body Segment Habitat Supply Comments
SIW|(E{M|S|C|L]JP|A|[I]B|fP]|S
RIWW/W|S|W|RIW|IW(W[W|C|C
WJH|{H|H|H|H[{W]S|[S]|S R|R
[
- all other segments + + + +
Monroe ditch (Dicks creek RM 2.65) - headwaters to the + + + +
Middletown corporate boundary (RM 0.8)
North branch - headwaters to Breiel blvd. (RM 1.0) + + + +
- Breiel blvd. to mouth + + + + ECBP ecoregion - channel modification
Shaker creek + + + +
Millers creek + + + +
Elk creek + + + +
Browns run */ 4 *L | %)+ N
Twin creek + + + +
Little Twin creek + + + +
Reigle ditch + + + +
Toms run + + + +
Unnamed tributary (Toms run RM 5.34) + + + +
Wysong run * * * *
Unnamed tributary (Twin Creek RM 18.29) + + + +
Aukerman creek + + + +
Unnamed tributary (Aukerman creek RM 2.88) + + + +
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Use Designations

Aquatic Life Water .
. Recreation
Water Body Segment Habitat Supply Comments

SIW|E|M|S|C|L]JP|A|[I|B|P|S

RIWIW|W|S|IW|RIWW(WJW|C|C

WJ|H({H|[H|H|H|W]S|S]|S R|R

T
Bantas fork + + + +
Goose creek - downstream Winnerline rd. (RM 3.0) to the + + + +
mouth

- all other segments + + + +
Lowry run * * * *
Lesley run + + + +
Coffman run * * * *
Price creek - Brennersville Pyrmont rd. (RM 2.88) to the mouth + + + +
- all other segments + + + +
Jims run * * * *
Swamp creek - downstream Sonora rd. (RM 4.0) to the mouth + + + +
- all other segments + + + +
Unnamed tributary (Swamp creek RM 6.45) + + + +
Millers fork - headwaters to Otterbein Ithica rd. (RM 9.65) + + + +
- Otterbein Ithica rd. to the mouth + + + +
Lick run * * * *
Dry fork + + + +
Maple swamp ditch - unnamed tributary at RM 1.71 to the mouth + + + +
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Use Designations
Aquati.c Life Water Recreation
Water Body Segment Habitat Supply Comments
SIW|(E{M|S|C|L]JP|A|[I]B|fP]|S
RIWW/W|S|W|RIW|IW(W[W|C|C
WJH|{H|H|H|H[{W]S|[S]|S R|R
[
Clear creek */+ *[+ | */+ */+
Gander run * * * *
Goose creek * * * *
Dry run * * * *
Crains run * * * *
Mound overflow creek (Great Miami river RM 65.08) + + + + | ECBP ecoregion - impounded
Bear creek + + + +
Little Bear creek */+ *[+ | */+ */+
Garber run * * * *
Diehl run * * * *
Lick run * * * *
Spring run * * * *
Owl creek + + + + | Small drainageway maintenance
Opossum creek * Lk *[+ | */+ */+
Holes creek + + + +
Wolf creek + + + +
Dry run + + + +
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Use Designations
Aquatic Life Water .
Habitat Su | Recreation
Water Body Segment PRl Comments

Ss|W|E|[mMm|Ss|c|L|P|A|I]|B]|P]|S

RIW|W|[w|S|W|[R|W|wW|w|w|C]|C

W|H|H|H|H|H|[W]|S|[S]|S R|R

Ll
North branch */+ *4 | */+ */4
Razor run * /4 *L | %)+ N
Moss Creek (tributary to N. Br. @ RM 1.77) A A A A
Poplar run . * * *

24



EAS/2012-5-7 Lower Great Miami River TSD May 12, 2012

Study Area Description

The entire Great Miami River watershed drains a total area of 5371 mi’ (3946 mi” in

Ohio). The portion of the watershed encompassed in this study includes the main stem of the
river from the confluence with the Mad River in Dayton to the mouth at the Ohio River and
encompasses 632.5 mi’. The survey includes 81.48 miles of the main stem. As it is the most
downstream portion of the Great Miami the flow and water quality are influenced by the upper
portions of the watershed as well as the Mad River, Stillwater River, Twin Creek, Whitewater
River, and Four Mile Creek subwatersheds All of these watersheds have complete TMDLs or
were recently surveyed with the TMDL in progress. It is also the most populous and highly
developed area within the Great Miami River watershed.

The 2010 lower Great Miami River (GMR) study area included four 10-digit Hydrologic Unit
Codes (HUCs) watersheds and twenty-three 12 digit Watershed Assessment Units (WAUSs and
covered portions of Preble, Montgomery, Warren, Butler, and Hamilton counties (Figure 2)).
The most upstream 10 digit HUC is the Wolf Creek watershed which begins above Interstate 70
near the town of Brookville. Other 10 digit HUCs in the study area include the Bear Creek,
Dick’s Creek and Taylor Creek subwatersheds.

The topography of the lower Great Miami River watershed has been influenced by

glaciation which left distinctive landforms and thick deposits of silt, sand, and gravel.

Almost all of the Great Miami River in this study area is underlain by a buried valley aquifer
composed of highly permeable sands and gravel from past glacial events. There is a direct
hydraulic connection between the aquifer and the main stem which in some areas adds to the
flow and in others recharges the aquifer. The aquifer is the primary source of drinking water for
many cities and villages in the watershed. There are 125 community drinking water wells in the
study area most of which are in close proximity to the river. Many wellhead protection areas
overlap the municipal boundaries of other communities. There are no surface water supply
intakes in this portion of the watershed.

The study area spans two distinct ecoregions, the Eastern Corn Belt Plains and the Interior
Plateau (ftp://ftp.epa.gov/wed/ecoregions/in/ohin_front.pdf). The transition occurs
approximately at river mile 25, in Hamilton County. The upper portion of the watershed is
within the Eastern Corn Belt Plains (ECBP) ecoregion and is characterized by level to gently
sloping land and moderate to low gradient streams. Tributary streams often rise on the slopes of
glacial moraines and flow over the buried valley aquifer mentioned above. It is not uncommon
for these tributaries to lose water to the aquifer when flows diminish and the groundwater
declines. In some cases the streams may disappear altogether. The Interior Plateau (IP) portion
of the Great Miami watershed has steeper slopes and stream gradients. Tributary streams in the
IP flow over bedrock of interbedded shales and limestone and have much less interaction with
the groundwater.

Data from the 2006 National Land Classification Dataset (NLCD) show that land uses in the
lower GMR vary considerably from uses in other parts of the Great Miami watershed.
Agriculture is not the predominant land use within the lower Great Miami River drainage, with

cultivated crop and pasture/hay respectively accounting for 21.39% and 15.36% of the total
watershed area. Another 18.82% of the watershed is forested. The upper WAUSs of Wolf Creek
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(HUC 01) and Bear Creek (HUC 04) are still dominated by agriculture but areas closer to the
river are generally more developed. More than forty percent (40.94%) of the watershed is
developed as classified by NLCD (Table 3, Figure 2). Most of the development is concentrated
along the river and Interstate Route 75 in the cities of Hamilton, Middletown and Dayton.

The level of development leads to impacts on water quality from the creation of surfaces
impervious to infiltration of rainfall. The Center for Watershed Protection defines any watershed
with more than 10% total impervious cover as “urban” (Schueler 2004). Of 23 WAUSs in the
study area 12 qualify as urban with more than 10% impervious cover. Seven WAUSs have 10-
19% impervious cover, three WAUSs have 20-29%, and 2 exceed 30% impervious cover. One
WAU (01-05 Town of Oakwood-Great Miami River) is 39.9% impervious. Most impacts to
urban streams occur in first, second, and third order streams. Many streams of this size were
encased in storm sewers long ago but a few still persist and show the effects of urbanization.
Effects include excessive flows during rainfall events with resulting bank erosion and instability
of the stream channel. Often efforts are made to “correct” erosion through installation of
concrete or stone barriers that actually create more problems downstream. With a reduction in
infiltration streams show a reduction in base flow due to less groundwater recharge. Generally
urban streams exhibit degraded habitat and water quality with declines in biotic communities.

Beneficial use designations within the watershed include those for aquatic life, recreation and
public water supply. The aquatic life use designation in effect for the majority of streams in the
lower GMR watershed in 2010 was Warmwater Habitat (WWH). Only Elk Creek has the
Exceptional Warmwater Habitat (EWH) use designation and two portions of Dicks Creek are
Modified Warmwater Habitat (MWH). Recreational use designation for all of the sites studied
in the lower GMR watershed in 2010 was primary contact recreation (PCR). Water supply uses
for agriculture and industry exist on all streams in the survey but no public water supply
designations exist since communities rely on the abundant groundwater of the buried valley
aquifer. None of these systems are under the influence of surface water.

Riparian habitats along the river are generally good to excellent in all areas away from the cities.
Within the cities, levees were constructed for flood protection and often the channel has been
straightened and maintained. Levees are maintained by the Miami Conservancy District along
18.7 miles of the main stem. As a result there is no significant riparian corridor within the cities.
In addition to this impact there are 8 low head dams that impound water creating degraded
conditions and preventing the movement of fish and freshwater mussels (Table 4).

Communities in the main stem watershed include Dayton, Moraine, West Carrollton,
Miamisburg, Franklin, Middletown, Hamilton and New Miami all of which border or span the
river. Other communities within the watershed include Trotwood, Oakwood, Kettering,
Springboro, Brookville, Clayton, New Lebanon, Centerville, Germantown, Carlisle, Trenton,
Fairfield, and Monroe. There are numerous municipal wastewater treatment plants (WWTPs) in
the lower GMR study area including 20 major [i.e., > 1 million gallons per day (mgd)]
dischargers. Eight of these major dischargers are industrial and all but one are between river
mile 37 and 73. One major industrial discharger is the Department of Energy Fernald facility
which discharges water from a groundwater pollution remediation treatment plant.
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There is one active watershed group in the watershed. The Friends of the Great Miami (FOGM)
concentrate their efforts in the Butler and Hamilton County portions of the watershed. They
conduct education programs, recreational canoe floats, and river clean-ups. They also have an
ongoing citizen’s water quality monitoring program that includes chemical analyses and
macroinvertebrate testing. This group originated from Rivers Unlimited which also continues in
cooperation with FOGM. More information about this group can be located at

www.fogm.org/index.php.

Table 3. Land uses in the lower Great Miami River.

Land Use Acres Per cent
Open Water 6,086.05 1.48%
Developed, Open Space 68,521.87 16.71%
Developed, L ow I ntensity 66,811.63 16.29%
Developed, Medium I ntensity 24,181.43 5.90%
Developed, High I ntensity 8,379.81 2.04%
Barren Land (Rock/Sand/Clay) 281.54 0.07%
Deciduous For est 77,185.25 18.82%
Evergreen Forest 2,272.42 0.55%
Mixed For est 765.93 0.19%
Shrub/Scrub 731.69 0.18%
Grassland/Her baceous 3,250.97 0.79%
Pasture/Hay 63,007.57 15.36%
Cultivated Crops 87,700.48 21.39%
Woody Wetlands 349.17 0.09%
Emer gent Her baceous Wetlands 561.76 0.14%
Total 410,087.57 100.00%
Source: National Land Cover Database — 2006
Table 4. Low-head dams in the lower Great Miami River main stem.
Dam River Mile  Height (ft) Owner
Dayton Low Dam 80.8 5.0 Miami Conservancy
Tait Power Station 77.5 9.5 Miami Conservancy
S. Montgomery County 72.5 9.0 Miami Conservancy
Hutchings Power Station 64.4 8.5 Dayton Power & Light
AK Steel 51.7 6.0 AK Steel
Hamilton Hydraulic Dam 41.5 5.0 City of Hamilton
Two Mile Dam 37.4 11.0 Miami Conservancy
Hamilton Low Dam 34.6 9.0 Miami Conservancy

Source: Miami Conservancy District
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METHODS

All chemical, physical, and biological field, EPA laboratory, data processing, and data analysis
methods and procedures adhere to those specified in the Manual of Ohio EPA Surveillance
Methods and Quality Assurance Practices (Ohio EPA 2009), Biological Criteria for the
Protection of Aquatic Life, Volumes II - III (Ohio Environmental Protection Agency 1987D,
1989b, 2008a, 2008b), The Qualitative Habitat Evaluation Index (QHEI); Rationale, Methods,
and Application (Rankin 1989), and Methods for Assessing Habitat in Flowing Waters: Using
the Qualitative Habitat Evaluation Index (Rankin 2006a).

Determining Use Attainment Status

Use attainment status is a term 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). Assessing aquatic use attainment status involves a primary
reliance on the Ohio EPA biological criteria (OAC 3745-1-07; Table 7-15). These are confined
to ambient assessments and apply to rivers and streams outside of mixing zones. Numerical
biological criteria are based on multimetric biological indices including the Index of Biotic
Integrity (IBI) and Modified Index of Well-Being (MIwb), indices measuring the response of the
fish community, and the Invertebrate Community Index (ICI), which indicates the response of
the macroinvertebrate community. 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 biocriteria. Partial attainment means that one or more of the applicable indices fails to
meet the biocriteria. Non-attainment means that none of the applicable indices meet the
biocriteria or one of the organism groups reflects poor or very poor performance. An aquatic life
use attainment table (Table 1) is constructed based on the sampling results and is arranged from
upstream to downstream and includes the 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).

Habitat Assessment

Physical habitat was evaluated using the Qualitative Habitat Evaluation Index (QHEI) developed
by the Ohio EPA for streams and rivers in Ohio (Rankin 1989, 1995, Ohio EPA 2006a). Various
attributes of the habitat are scored based on the overall importance of each to the maintenance of
viable, diverse, and functional aquatic faunas. The type(s) and quality of substrates, amount and
quality of in-stream 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 20 to less than 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 a localized
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 64 are generally
conducive to the existence of warmwater faunas whereas scores less 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 support exceptional
warmwater faunas.
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Sediment and Surface Water Assessment

A total of 40 surficial sediment samples were collected in The Great Miami River (Lower)
watershed from RM 78.85 (Stewart Street in Dayton) to RM 8.2 on US 50 in Hamilton County.
Twenty nine sediment samples were collected on the main stem and 11 samples were collected
in 10 tributaries Samples were analyzed for total analytical list inorganics ( metals), volatile
organic compounds, semi volatile organic compounds, PCB’s, pesticides, and nutrients.
Sediment collection involves looking for freshly deposited sediment in the stream bed with a bias
toward fine grained material (<60 microns, silt, clay, muck,). Depositional zones on both sides of
the stream channel are sampled in an attempt to get a composite sample representing the segment
of the stream. Samples are collected with a stainless steel scoop and composited in a stainless
steel bucket. The samples are placed in the appropriate containers and placed in a cooler at 4 °C.
Sediment metals are listed in Table 17. Sediment organics are listed in Table 18.

A hierarchy of guidelines is used to evaluate organic compounds. Sediment organic samples
were evaluated using the MacDonald Sediment Quality Guidelines (SQG) (2000) and the
USEPA Region 5 RCRA Ecological Screening Levels (ESL) (2003). MacDonald Sediment
Quality Guidelines are consensus-based sediment guidelines designed to evaluate ecotoxic
effects. The USEPA Region 5 RCRA Ecological Screening Levels (ESL) are considered
protective benchmarks. The most contaminated organics will use the MacDonald Probable Effect
Concentration (PEC) to indicate adverse effects are likely to occur in benthic sediments. The
lesser contaminated sediment results will use the RCRA Ecological Screening Levels (ESL) to
determine if the level of contamination meets or exceeds the protective benchmark.

Sediment metal samples are evaluated using the Ohio Sediment Reference Value (SRV) for the
ecoregion and the MacDonald Sediment Quality Guidelines. Sediment metals detected between
the MacDonald TEC and PEC, but beneath the Ohio SRV will differ to Ohio’s SRV. This will
apply to arsenic, cadmium, copper and nickel.

Surface water samples were collected, preserved and delivered in appropriate containers to either
an Ohio EPA contract lab or the Ohio EPA Division of Environmental Services. Surface water
samples were evaluated using comparisons to Ohio Water Quality Standards criteria, reference
conditions, or published literature.

Macroinvertebrate Community Assessment

Macroinvertebrates were collected from artificial substrates and from the natural habitats. The
artificial substrate collection provided quantitative data and consisted of a composite sample of
five modified Hester-Dendy multiple-plate samplers colonized for six weeks. At the time of the
artificial substrate collection, a qualitative multihabitat composite sample was also collected.
This sampling effort consisted of an inventory of all observed macroinvertebrate taxa from the
natural habitats at each site with no attempt to quantify populations other than notations on the
predominance of specific taxa or taxa groups within major macrohabitat types (e.g., riffle, run,
pool, and margin). Detailed discussion of macroinvertebrate field and laboratory procedures is
contained in Biological Criteria for the Protection of Aquatic Life: Volume III, Standardized
Biological Field Sampling and Laboratory Methods for Assessing Fish and Macroinvertebrate
Communities (Ohio EPA 1989c, Ohio EPA 2008Db).
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Fish Community Assessment

Fish were sampled using pulsed DC electrofishing methods. Fish were processed in the field,
and included identifying each individual to species, counting, weighing, and recording any
external abnormalities. Discussion of the fish community assessment methodology used in this
report is contained in Biological Criteria for the Protection of Aquatic Life: Volume III,
Standardized Biological Field Sampling and Laboratory Methods for Assessing Fish and
Macroinvertebrate Communities (Ohio EPA 1989c, Ohio EPA 2008Db).

Causal Associations

Using the results, conclusions, and recommendations of this report requires an understanding of
the methodology used to determine the use attainment status and assigning probable causes and
sources of impairment. 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 a weight of
evidence framework, has been extensively discussed elsewhere (Karr et al. 1986; Karr 1991;
Ohio EPA 1987a,b; Yoder 1989; Miner and Borton 1991; Yoder 1991; Yoder 1995). Describing
the causes and sources associated with observed impairments relies on an interpretation of
multiple lines of evidence including water chemistry data, sediment data, habitat data, effluent
data, land use data, and biological results (Yoder and Rankin 1995). 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 sources is increased where many such prior
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 analogous concepts.
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Pollutant Loadings

Overview

Concentrations and respective calculated pollutant loads from NPDES dischargers in the lower
GMR basin were available from 1995 through 2010. These data are gathered and reported to
Ohio EPA by the permit holders. The data were screened for compliance with permit
requirements, and further analyzed for trends in magnitude and variability over time. Summaries
of results by individual facilities follow the general overview. Note that for some pollutants,
especially sediment and nutrients, loadings from point sources represent a fraction of the total
annual load (Figure 3).

Total pollutant loads from permitted facilities discharging either directly to the lower GMR or
via tributaries during the recent 2006-2010 time interval were generally similar compared to the
1995-1999 period (hereafter referred to as the antecedent period). Effluent flow, and loads of
BOD and NH3 decreased slightly, whereas TSS loads increased (Figures 4, 5, 6, and 7). Entities
with significant increases in TSS loadings between the two time periods were the AK Steel 011
outfall, the Dayton WWTP, LeSourdsville WWTP, Middletown WWTP, Miller-Coors Brewery,
Montgomery County Western Regional WWTP, and the West Carrolton WWTP (Table 5).
Although total phosphorus loads (Figure 8) cannot be directly compared between time periods
because of insufficient reporting during the 1995-1999 period, phosphorus loads from PCS
Purified Phosphates were significantly higher over the last five years compared to the previous
time period (Table 5). For descriptions of individual facilitiesand their respective annual
loadings of select parameters, see Appendix 1.

a) 1.0 ——— ———
r Figure 3. Pollutant loads to the GMR
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Fairfield WWTP 5.3

Appletan Papers Inc US DOE Fernald 2.5
West Carrollton Mill
7.0

a)

Lesourdsville Water
Reclamation Facility
54

AK Steel Corp 6.8

Montgomery Co
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Middletown WWTP
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Hamilton Water
Reclamation Facility
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Total Flow 252 mgd

b)
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US DOE Fernald 6.9
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Lesourdsville Water
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75

AK Steel Corp9.7

Montgomery Co
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WWTP 14 .2

Middletown WWTP
154

Hamilton Water
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Total Flow 227 mgd 158

Figure 4. Median flow in millions of gallons per day (MGD) for selected dischargers in the
lower Great Miami River survey area; a) 1995-1999, and b) 2006-2010".

! Here, and throughout the Loadings section, the recent 5 year time period is compared to the antecedent 1995-
1999 period to help interpret results from the 2010 biosurvey in relation to those from the 1995 biosurvey.
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Figure 5. Median daily ammonia nitrogen loads from selected NPDES discharges to the lower
Great Miami River for a) 1995-1999, and b) 2006 — 2010.
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ﬂ}l Miamisburg Water West Carrollton STP
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Reclamation Facility
154 23
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Fairfield WWTP 168.75

Lesourdsville Water
Reclamation Facility
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Figure 6. Median daily 5-day biochemical oxygen demand loads from selected NPDES
discharges to the lower Great Miami River for a) 1995-1999, and b) 2006 — 2010.

35



EAS/2012-5-7 Lower Great Miami River TSD May 12, 2012
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Figure 7. Median daily total suspended solids loads from selected NPDES discharges to the
lower Great Miami River for a) 1995-1999, and b) 2006 — 2010.
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Wausau Paper Towel Taylor Creek WWTP
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Miamishurg Water

Reclamation Facility
4711 Miller Breweries East

Inc 54.95

Fairfield WWTP 92.15

Lezourdsville Water
Reclamation Facility
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Total TP Load 1933 Ibs/day
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Taylor Creek WWTP
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Figure 8. Median daily total phosphorus loads from selected NPDES discharges to the lower

Great Miami River for a) 1995-1999, and b) 2006 — 2010. Note that PCS Purified Phosphates
only discharges several days a year, so although the average daily load appears high, the total

annual load is actually very small.
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Table 5. Comparison of mean effluent flow (in mgd), and concentrations (in mg/l) of 5-day

biochemical oxygen demand (BOD), ammonia nitrogen (NH3), and total suspended solids (TSS)

between two, 5-year time periods for selected NPDES dischargers to the lower GMR basin.

Highlighted cells have significantly different means (p < 0.001; two sample t-test based on log;g

transformed data). The number of observations (N) for a given parameter within a given time
period are noted.

Period | N [ Fow | N [ BoD | N | NH3 N TSS
AK Steel Corp 11D00001

1995-1999 1817 | 7.06307 420 | 181.706 582 | 985.0993
2006-2010 1790 | 9.71934 527 | 166.387 437 | 1279.941
Appleton Papers Inc West Carrollton Mill 11A00004

1995-1999 1617 6.829 290 | 40.202 435 980.32
2006-2010 1823 7.110 197 | 29.459 356 463.43
Brookville WWTP 1PC00000

1995-1999 1796 0.841 | 626 19.54 623 1.112 626 19.31
2006-2010 1826 0.897 | 480 19.92 648 0.891 405 25.47
Canterbury Row Condo Association 1PZ00008

1995-1999 1791 0.010 | 117 0.13 118 0.019 118 0.18
2006-2010 1808 0.007 74 0.13 72 0.007 74 0.26
Chateau Lakes Homeowners Association

1PW00007

1995-1999 1749 0.018 | 247 0.26 116 0.037 248 0.36
2006-2010 1766 0.019 | 240 0.30 118 0.068 240 0.42
Dayton Power & Light Co OH Hutchings Station 11B00004

1995-1999 1030 | 94.100

2006-2010 918 | 107.419

Dayton WWTP 1PF00000

1995-1999 1765 | 53.364 | 486 | 1237.51 1195 | 26.722 250 | 2519.00
2006-2010 1828 | 46.038 | 248 | 1343.68 1055 | 20.431 171 | 3515.74
Eagles Lake Condo Association Eagles Lake Ltd WWTP 1PW00029

1995-1999 1765 0.042 | 189 1.74 116 0.274 181 1.70
2006-2010 1464 0.012 | 152 0.61 90 0.081 165 1.05
Fairfield WWTP 1PD00003

1995-1999 1764 5.580 | 991 | 166.83 1004 | 24.224 558 196.59
2006-2010 1826 5.044 | 1765 | 179.35 1425 | 32.582 1799 204.57
Franklin Regional WWTP 1PD00004

1995-1999 1796 3.180 | 509 79.03 296 5.607 1041 270.48
2006-2010 1796 3.191 | 715 97.74 331 | 31.179 919 263.04
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Period N Fow | N | BoD N NH3 N TSS
Hamilton Water Reclamation Facility 1PE00002
1995-1999 1825 21.521 | 1722 | 557.50 1741 47.269 1785 819.65
2006-2010 1825 | 13.647 | 1560 | 295.18 1596 | 28.824 1728 578.86
LeSourdsville Water Reclamation Facility 1PK00011
1995-1999 1799 5.731 | 921 | 175.77 953 | 14.780 1034 280.70
2006-2010 1796 8.055 | 826 | 184.26 1226 | 25.604 86 762.62
Mayflower Estates WWTP 1PG00018
1995-1999 1745 0.041 | 221 0.77 56 0.657 223 0.98
2006-2010 1814 0.040 | 232 0.52 5 0.895 241 0.88
Miamisburg Water Reclamation Facility 1PD00017
1995-1999 1582 2.648 | 666 66.11 675 | 48.294 671 107.96
2006-2010 1826 2.956 | 645 62.24 720 6.078 720 115.72
Middletown WWTP 1PE00003
1995-1999 1773 12.041 | 1141 | 397.62 949 18.867 1145 862.95
2006-2010 1795 | 15.822 | 1231 | 790.86 939 | 48.980 1239 | 2038.62
Miller Breweries East Inc 11H00011
1995-1999 1778 2.157 346 7.768 473 166.35
2006-2010 1811 1.874 169 7.925 223 223.85
Montgomery Co Western Regional WWTP 1PL00002
1995-1999 1795 | 13.170 | 1110 | 407.17 1060 | 19.508 624 282.90
2006-2010 1764 | 14.344 | 463 | 404.66 1136 | 18.114 165 943.56
New Lebanon STP 1PB00021
1995-1999 1813 0.505 | 463 7.95 465 1.455 453 10.28
2006-2010 1750 0.320 | 426 3.57 46 2.388 452 7.29
PCS Purified Phosphates 11E00001
1995-1999 1340 0.036 | 128 | 24.86T | +Total phosphorus loads are listed in lieu
2006-2010 537 0.020 | 106 | 293.23t | of BOD
Pebble Creek Estates WWTP 1PG00072
1995-1999 1700 0.034 | 215 0.44 41 0.239 206 0.60
2006-2010 1016 0.059 | 131 0.62 5 0.522 137 0.92
Procter & Gamble Co Miami Valley Lab * 1IN00010
1995-1999 1826 0.246 0 0 263 20.41
2006-2010 1826 0.101 | 431 3.81 415 0.846 501 5.22
Springboro WWTP 1PC00007
1995-1999 1826 1.356 | 361 30.38 484 1.610 779 76.69
2006-2010 1762 2.100 | 305 45.11 130 | 10.590 502 59.44
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Period N Fow | N | BoD N NH3 N TSS
Sycamore Trails WWTP 1PG00077

1995-1999 1731 0.067 | 242 0.83 215 0.117 242 2.17
2006-2010 1826 0.069 | 255 0.67 197 0.056 258 0.76
Taylor Creek WWTP 1PK00015

1995-1999 885 1.342 | 339 20.71 37 5.608 354 27.98
2006-2010 1812 2.055 | 699 26.29 218 | 28.801 716 34.98
USDOE Fernald Closure Project * 11000004

1995-1999 1703 1.626 53 5.26 67 4.019 535 75.24
2006-2010 1763 6.281 11 52.07 64 1.921 296 103.20
W Carrollton Parchment Co 11A00010

1995-1999 1352 0.743 4 28.74 6 5.194 356 84.36
2006-2010 1257 0.774 0 3 2.402 275 53.62
Wausau Paper Towel & Tissue LLC 11A00119

1995-1999 1580 3.164 | 218 | 430.33 249 | 20.561 1510 858.55
2006-2010 1686 4.130 | 128 | 240.13 471 6.952 1662 663.20
Wesselman Woods WWTP 1PW00031

1995-1999 1613 0.013 | 208 0.42 44 0.256 216 0.43
2006-2010 1523 0.046 | 196 0.74 18 0.570 205 1.47
West Carrollton STP 1PD00014

1995-1999 1826 1.480 | 662 44.09 664 9.962 741 54.07
2006-2010 1826 1.333 | 472 63.22 473 | 10.227 700 73.77

Third quarter monitoring data at 801 (upstream) and 901 (downstream) sampling stations, where
data were available, indicated that ammonia-nitrogen concentrations typically did not increase
relative to a given plant, with the possible exceptions of the Hamilton WWTP, the Springboro
WWTP, and the Middletown WWTP in 2009. Springboro had relatively limited monitoring data
(2 upstream 801 data points, and 4 downstream 901 data points between 2006 and 2010), but the
concentrations in the downstream 901 samples averaged 0.30 mg/l compared to 0.07 mg/1 at the
801 upstream site. This may be significant because the downstream monitoring site is in Clear
Creek (i.e., where it benefits from dilution), whereas the 001 discharge for the Springboro plant
is on an unnamed tributary. The one sampling event for Middletown in 2009 had ammonia
nitrogen concentrations upstream near the detection level, but 2.1 mg/I at the downstream site.
Although concentrations relative to the Hamilton WWTP were marginally higher (Mann-
Whitney U test, p=0.05) at the downstream site, the absolute concentrations at both monitoring
locations were low, with a maximum concentration of 0.14 mg/I at the 901 station.

A review of monthly operating reports (MOR) data against permit limits and monitoring
requirements revealed a cluster of compliance problems in the Taylor Creek subwatershed.
Several package plants were in chronic noncompliance with either numeric permit limits or
sampling requirements (Table 6 and Figure 9). Other facilities with frequent permit violations
included Aeronica Inc (11C00003), the West Carrollton Parchment Company (11A00010), and
the Middletown WWTP (1PE00003).
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Table 6. Example NPDES permit violation table for the lower GMR. Limit — number of measured
numeric limit violations; Notes — most frequently exceeded parameter limits; Frequency — number of
sampling frequency violations.

Discharger |Number of [Parameters |Numberof | Neglected Code
Limit Exceeded Frequency | Parameters AB AD AF AG AK
Violations Violations
Aeronca Inc 11C00003
001 80|Cu, Ag, Zn 67|Metals, Flow ‘ 2‘ 2‘
AK Steel Corp 11D00001
Cu, CN, TSS,
Oil & Grease,
011 18|Cyanide 120|Pb, Zn, pH 80
Oil & Grease,
015 44|pH 553
Appleton Papers Inc West Carrollton Mill 11A00004
001 3 | | |
Brookville WWTP 1PC00000
Fecals, cBOD, TP, pH, Oil &
001 11|TSS 17|Grease
Canterbury Row Condo Association 1PZ00008
Odor/ Odor/
001 466 |Turbidity 466 |Turbidity
Chateau Lakes Homeowners Association 1PW00007
Odor/
Turbidity,
001 46|NH3, D.O. 60|Temperature 12
Chem-Dyne Settling Defendan Chem-Dyne Remedial Act 1IN00100
001 | | | | 1
Dayton Power & Light Co OH Hutchings Station 11B00004
002 2 1
004 1
Dayton WWTP 1PFO0000
NH3, Oil &
001 11|Chlorine, TSS 10|Grease
Eagles Lake Condo Association Eagles Lake Ltd WWTP 1PW00029
Chlorine,
Temperature,
Flow,
001 50|Chlorine, D.O. 867|0dor/Turbidity 21
Fairfield WWTP 1PD00003
001 | 16|NH3 | 2| | 8| |

Franklin Lebanon WTP 11Y00163

001 | |

183|Flow, TSS, pH|

42




EAS/2012-5-7

Lower Great Miami River TSD

May 12, 2012

Table 6. Example NPDES permit violation table for the lower GMR. Limit — number of measured
numeric limit violations; Notes — most frequently exceeded parameter limits; Frequency — number of
sampling frequency violations.

Discharger |Number of [Parameters |Numberof | Neglected Code
Limit Exceeded Frequency | Parameters AB AD AF AG AK
Violations Violations

Franklin Regional WWTP 1PD00004

NH3, cBOD,
001 24|TSS 6|Cr*, Chlorine 9| 101 1
General Motors Corp Moraine Utility Services * 11C00008
001 9|pH 15
002 8|TSS 9
Hamilton Municipal Electric Plant * 11B00008
003 1|Temperature
005 11|TSS
006 4|TSS 3
008 53|Temperature
Hamilton Water Reclamation Facility 1PE00002
001 7|Chlorine 1 15
027 5
037 6
Harrison WWTP 1PC00002
001 | 29|TSS, NH3 | 2| 6| | | 2
Lesourdsville Water Reclamation Facility 1PK00011
001 | 5[p.0. | | | | |
Mayflower Estates WWTP 1PG00018
001 | 12[15s, NH3 | 4] | | |
Miamisburg Water Reclamation Facility 1PD00017
001 | 4lHg | | [ [ ]
Middletown WWTP 1PE00003

TSS, NH3, Oil & Grease,
001 48|Fecals 12 Se
003 44|cBOD, TSS
004 5|cBOD, TSS
005 33|cBOD, TSS
006 17|cBOD, TSS
007 46|cBOD, TSS
008 57|cBOD, TSS
009 11|cBOD, TSS
010 9|cBOD, TSS
Miller Breweries East Inc 1IHO0011
001 7|BoD 27|15, Zn 1] | |
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Table 6. Example NPDES permit violation table for the lower GMR. Limit — number of measured
numeric limit violations; Notes — most frequently exceeded parameter limits; Frequency — number of
sampling frequency violations.

Discharger |Number of [Parameters |Numberof | Neglected Code
Limit Exceeded Frequency | Parameters AB AD AF AG AK
Violations Violations
Monroe WTP 11200020
001 | 2|Tss | 14|Mn, Chloride | | |
Montgomery Co Western Regional WWTP 1PL0O0002
001 | 12[155 | 21|Fecals, CN | |
Nease Corp 1IFO0015
001 | | | 2 |
New Lebanon STP 1PB00021
001 | | | 17|cBOD, NH3 | | 75 4
PCS Purified Phosphates 11E00001
001 | 14|Cu, TSS | | |
Pebble Creek Estates WWTP 1PG00072
001 | | | 2 | |
Procter & Gamble Co Miami Valley Lab * 1INO0010
cBOD, TSS,
001 10|NH3
Springboro WWTP 1PC00007
001 6|NH3 | |
Sycamore Trails WWTP 1PG00077
Chlorine,
Temperature,
001 8/cBOD, NH3 74|0dor/Turbidity
Taylor Creek WWTP 1PK00015
001 10|pH
901 7
US DOE Mound Site 11000005
pH, Chlorine,
001 5|Chlorine 80|Organics
002 3|TSS 14|Toxicity Tests
USDOE Fernald Closure Project * 11000004
001 1/0il & Grease 1 | 6|
W Carrollton Parchment Co 11A00010
pH, TSS, Cu,
001 463|Toxicity
Wausau Paper Towel & Tissue LLC 11A00119
001 4BoOD, D.O. 1 2| |

Wesselman Woods WWTP 1PWO00031
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Table 6. Example NPDES permit violation table for the lower GMR. Limit — number of measured
numeric limit violations; Notes — most frequently exceeded parameter limits; Frequency — number of
sampling frequency violations.

Discharger |Number of [Parameters |Numberof | Neglected Code
Limit Exceeded Frequency | Parameters AB AD AF AG AK
Violations Violations
TSS, cBOD,
001 64|NH3
West Carrollton STP 1PD00014
001 2|pH 32
901
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Surface Water Quality

GMR Main Stem

Water quality samples from the lower Great Miami River (GMR) were collected from 35
locations from Dayton to near the confluence with the Ohio River. Each location was sampled
for routine water quality parameters six times between 6/04/2010 and 10/19/2010, and sampled
for organic parameters twice.

Water quality at any given point in time in the lower GMR is a function of surficial geology,
precipitation, hydrologic modifications, antecedent pollution loadings from diffuse sources in the
upper watershed, and contemporary loadings from local point and diffuse sources. Given the
landscape (i.e., till plains) and geologic setting (i.e., carbonate limestone parent material), the
lower GMR is expected to be naturally rich in dissolved ions, and therefore, a generally
productive system. However, pollution loadings from the intense agricultural land uses in the
upper watershed, combined with those from urban centers along the Dayton to Cincinnati
corridor further enrich the system to the point of over-enrichment. Sestonic chlorophyll®
concentrations in the lower GMR during August of 2010 averaged nearly 100 pg/1 (Figure 10),
or about 5 times higher than what is normal for large rivers (Van Neiuwenhuyse and Jones
1996), with values over 200 pg/l measured at 3 sites. These are profoundly high levels that hold
significant consequences for water quality beyond aesthetics.

For example, the high sestonic microbial biomass, for which chlorophyll serves as a proxy,
exerts a respiratory demand that is measurable as 5-day biochemical oxygen demand (BODS;
Table 7). Of course, aesthetics are important, and the association between algal abundance and
water clarity, as evidenced by suspended solids (Table 7; Figure 30) is clear; the lower GMR
remains turbid most of the summer. As flows stabilize in late summer, benthic algae begin to
compete with suspended algae for nutrients, and nutrient concentrations decrease down the run
of the river, such that the correlations between sestonic chlorophyll and nutrients are negative
(Table 7; Figures 10 and 11). However, it is the respiration and oxygen demand exerted by the
microbial biomass that holds the most consequence for fish and macroinvertebrate communities.
Photosynthesis by algae, and respiration by the combined microbial community drive oxygen
swings as high as 15 mg/I (i.e., the difference between the afternoon high and the morning low).
Mean daily range for all sondes deployed on 7/6/2010 was 10.9 mg/1 (Figure 12). A range of 4
to 6 is typical for large, eutrophic rivers (Heiskary et al. 2010); a range of 10 clearly illustrates
hypertrophy.

Correlation with

Table 7. Correlations between sestonic Chlorophyli
chlorophyll and concentrations of Parameter Spearman rho
key water quality parameters for BOD5 0.88811
synoptically collected samples TSS 0.65763
from the lower GMR, 2010. Nitrate, Nitrite | -0.38389
Ortho-P -0.40451
TP -0.19850

2 All measures of chlorophyll are for chlorophyll a.
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Figure 10. Longitudinal profiles of key water quality indicators for the lower Great Miami
River: a) sestonic chlorophyll, b) total organic carbon, c) total suspended solids, and d) 5-day
biochemical oxygen demand. The shaded region in each plot depicts the upper range of
concentrations typical for large rivers not grossly polluted. For sestonic chlorophyll, the range is
defined by literature sources, especially Van Nieuwenhuyse and Jones (1996), and Heiskary et
al. (2010). For the remaining parameters, the ranges are defined by the 75™-90" percentiles of
values of statewide reference sites for large rivers as given in Ohio EPA (1999). The inverted
triangles arrayed along the top margin in (a) denote the locations of low-head dams. Lines
drawn through the data points are from Locally Weighted Sequential Smoothing (LOWESS),
with a bandwidth of «=0.5.
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Figure 11. Longitudinal profiles of key water quality indicators for the lower Great Miami
River: a) total phosphorus, b) ortho-phosphorus, c) total Kjeldahl nitrogen (TKN), and d) nitrate,
nitrite nitrogen. The shaded region in the total phosphorus plot depicts the upper range of
concentrations typical for large rivers not subject to gross levels of pollution (Van Nieuwenhuyse
and Jones 1996, Ohio EPA 1999, USEPA 2000, Heiskary et al. 2010, Alexander and Smith
2006). The dashed line in the TKN plot represents the 90" percentile of value of statewide
reference sites for large rivers as given in Ohio EPA (1999). The dashed line in the nitrate plot
represents the threshold where toxicity is evident for highly sensitive organisms (Camargo et al.
2005, MPCA 2010). The inverted triangles arrayed along the top margin in (a) denote the
locations of low-head dams. Lines drawn through the data points are from Locally Weighted
Sequential Smoothing (LOWESS), g=0.5.
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Figure 12. Longitudinal profiles of 24-hour dissolved oxygen regimes, as recorded by automated
data loggers, summarized as absolute maximum, absolute minimum, and the corresponding
range (in mg/l) by river mile and deployment date. The daily range of dissolved oxygen
concentrations typical for large rivers is less than 6 mg/l. Daily ranges exceeding 10 mg/l are
anomalously high, and clearly indicate over-enrichment. The inverted triangles arrayed along
the top x-axes in both plots denote the locations of low-head dams.
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Over the course of the summer in 2010, the relative contribution of diffuse sources and point
sources to water quality in the lower GMR were brought into sharp relief (Figure 13). During
higher flows in June, TSS and NOx concentrations were high, a direct result of diffuse
agricultural loadings. As flows receded toward base levels in August, the influence of point
sources became evident in the increase in chloride concentrations. BODS5 was highest in July
and August as the nutrients fueled sestonic algae.

Longitudinal influences on water quality by individual point sources were evident for total
phosphorus due to the Dayton WWTP (RM 76.5; Figure 31a), and for metals (Figure 14a and
14b) and BODS5 (Figure 10d) due to the AK Steel 011 outfall (RM 51.3). Temperature was
influenced by the DP&L Hutchings Plant (RM 64.4), as well as by the Hamilton Municipal
Electric Plant (RM 37.3; Figure 14d). One exceedence of numeric water quality standards for
temperature was recorded at RM 36.95 (see Table 14).

No obvious trends in water quality were evident between the 1995 survey and the 2010 survey
(Figure 15). Ammonia nitrogen concentrations were at or below method detection levels at most
sites and in most samples during both surveys. Distributions and means of BODS5 were also
similar. TSS concentrations were higher in 1995, corresponding to higher flows during August
of that year relative to 2010.

Three numeric water quality violations were associated with AK Steel 011 outfall (Table 8), one
for ammonia and two cyanide. Otherwise, all measured water quality parameters were within

numeric standards.

Table 8. Measured concentrations of water quality parameters that exceed numeric standards.

STORET | Location Parameter Values Standard
1.99,1.17,
Ammonia 2.39,3.61, OMZ 30-day Average
HO9W78 | GMR downstream AK Steel 011 2.70
Cyanide-free | 20, 21, 21, OMZ 30-day Average
Cyanide-free | 24 OMZ Maximum
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Figure 13. Distributions of key water quality indicators for the lower Great Miami River plotted
by sample month. All concentrations are in mg/I.
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Figure 14. Longitudinal profiles of a) zinc and b) lead, two parameters generally associated with

pollutant loadings from industry and urban stormwater, c¢) chloride, a parameter associated with
domestic wastewater, and d) temperature, a parameter influenced by thermal loadings. The red
lines in (a) and (b) show the respective outside mixing zone average water quality standards
based on measured hardness. The shaded region in plot (c) depicts the 75"-90" percentiles of

values of statewide reference sites for large rivers as given in Ohio EPA (1999). Lines drawn
through the data points are from Locally Weighted Sequential Smoothing (LOWESS), q=0.5.
Inverted triangles arrayed along the top x-axis in (a) represent the locations of dams.
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Figure 15. Distributions of key water quality indicators measured from the lower GMR in 1995
and 2010. The higher TSS concentrations in 1995 compared to 2010 reflect higher stream flows

in 1995. BODS5 and ammonia distributions and means are similar.
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Water Quality - Tributaries

Wolf Creek

The headwaters of Wolf Creek drain the City of Brookville and receive effluent from the
Brookville WWTP. Because the amount of urbanized land is relatively large (~15% of land use)
as the stream flows through Brookville, water quality in the creek is sensitive to runoff from
impervious surfaces. Additionally, the land use immediately upstream from Brookville is
dominated by intensive row crop agriculture. The site sampled at river mile 16.7 (HOOWS81;
Upper Lewisburg-Salem Road) had elevated concentrations of NH3-N, TKN, and TDS (Figure
36a-c) from an unidentified source, possibly stormwater. The site sampled upstream from the
Brookville WWTP at river mile 15.3 (HO9W82; Westbrook Road) also showed evidence of
enrichment, as benthic chlorophyll levels approached 300 mg/m” and dissolved oxygen
concentrations were less than the instantaneous WWH standard of 4.0 mg/1 in a daytime grab
sample (see Table 14). Downstream from the plant, phosphorus levels spiked (Figure 36d), as
did ammonia nitrogen on the sample collected 8/12/2010. Ammonia levels returned to
background concentrations at the next downstream site at river mile 10.4 (203503; Nolan Road),
and the phosphorus load was beginning to be assimilated. The stream at this point was modestly
enriched, as evidenced by relatively high benthic chlorophyll levels (210 mg/m2); however,
dissolved oxygen swings were not excessive, likely owing to adequate canopy cover. Further
downstream at the Wesleyan Nature Preserve, the phosphorus load was actively assimilated by
the periphyton, as evidenced by relatively high benthic chlorophyll levels and wide D.O. swings
(Table 9), such that phosphorus concentrations returned to levels typical for modestly enriched
(but not necessarily impaired) small streams.

Table 9. Nutrient enrichment indicators for Wolf Creek.

Benthic Dissolved
Trophic | DIN & TP | Chlorophyll Oxygen Fish &
Site Index (mg/1) (mg/m®) (mg/1) Macroinvertebrates

Westbrook Impaired DH:I=O.7 Chlaa=300 | Min=3.75 Impaired
Road (RM ) TP=0.05 0) 0) 0)
15.3) (2)
Nolan Road Threatened | TP >0.3 | Chla=210 24-hour range Impaired
(RM 10.4) <5

5 (0) (1) 4 (0)

4)
Wesleyan _
Nature Threatened DIN__ 05 Chl a =230 24'hf“r range Meet WWH
TP =0.02 =8.4

Preserve (RM 8 2) (1) (1) 4)
2.49)

Wolf Creek Tributaries

Apart from the ubiquitously elevated nitrate concentrations common to all small streams draining
agricultural lands in the Midwest, concentrations of key water quality parameters measured in
samples collected from the North Branch Wolf Creek, Dry Run and an unnamed tributary to the
North Branch were within ranges typical for small streams in the ecoregion.
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Figure 16. Longitudinal profiles of key water quality parameters sampled during 2010 from
Wolf Creek: a) ammonia nitrogen, b) TKN, ¢) TDS and d) total phosphorus. The dashed lines
in the ammonia plot show the threshold levels where chronic and acute toxicity are likely. The
shaded region in the TKN plot shows the upper range of concentrations (i.e., the 75" -90™
percentiles) typical for small streams within the ecoregion as given by Ohio EPA (1999). The
dashed line in the TDS plot shows the concentration where macroinvertebrate assemblages are
likely to show ill effects. The shaded region in the total phosphorus plot depicts the range where
phosphorus concentrations are elevated above background concentration, but not necessarily
atypical.

Bear Creek, Little Bear Creek and Opossum Creek

Bear Creek receives treated municipal effluent from the New Lebanon WWTP. The discharge
results in elevated concentrations of TKN, TDS and TP, but NH3-N concentrations remain near
background levels. The mean concentration of TDS measured downstream from the plant
approaches levels that may adversely affect benthic macroinvertebrate communities. Nutrients
loaded by the plant are assimilated by the creek, and approach background levels near the
downstream terminus. However, the 24-hour dissolved oxygen range measured at Soldiers
Home Road (H09S01, RM 0.24) was as wide as 10 mg/l, demonstrating stressful conditions for
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aquatic life. Additional nutrient loads from diffuse sources apparently exacerbate the
enrichment, as evidenced by the increase in nitrate/nitrite concentrations at river mile 0.24
relative to upstream (Table 10; Figure 17¢).

Apart from the ubiquitously elevated nitrate concentrations common to all small streams draining

agricultural lands in the Midwest, concentrations of key water quality parameters measured in
samples collected from Little Bear Creek and Opossum Creek were within ranges typical for
small streams in the ecoregion. Low dissolved oxygen concentrations were recorded from
Opossum Creek at river mile 0.1 (300943; Soliders Home-West Carrollton Road), where the
stream enters the alluvial flood plain of the Great Miami River and becomes a losing stream.

Table 10. Nutrient enrichment indicators for Bear Creek.

Site Trophic Benthic Dissolved Fish &
Index DIN & TP Chlorophyll Oxygen Macroinvertebrates
(Clgl\zt (l)g 4R)d' Acceptable ?II)I\LT) (())22, Chla=142 Min > 5 Meet WWH
' 12 (2)' () 4 4
SR 35 DIN = 3.64 _ 24-hour
(RM9.7) | Accpiable | ipp_gsg | N ) 125 1 range = 2.91 M
0) )
Huffman Rd. DIN =0.35 _ 24-hour
RM7.1) | AcCpable | pp_ga | M s 741 range = 4.38 Meet(XWH
| (1) (5)
Soldiers- Threatened DIN_= 0.98 Chla~NA 24-hour Meet WWH
Home Rd. 7 TP =0.01 (1) range > 9 )
(RM 0.2) (2) (0)
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Figure 17. Longitudinal profiles of key water quality parameters measured in spot samples
collected during 2010 from Bear Creek: a) ammonia nitrogen, b) TKN, c¢) TDS, d) total
phosphorus, and e) nitrate, nitrite nitrogen. The dashed line in the ammonia plot shows the level
where ammonia becomes chronically toxic to sensitive organisms. The shaded region in the
TKN plot shows the upper range (i.c., the 75™-90™ percentile) of concentrations typical for small
streams in the region. The dashed line in the TDS plot shows the level where macroinvertebrate
communities are likely to be adversely affected. The shaded regions in the phosphorus and
nitrate/nitrite plots show the range where concentrations are elevated above background
concentration, but not necessarily atypical.
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Clear Creek receives treated municipal effluent from the Springboro WWTP. The effluent results
in elevated concentrations of TDS, TP and inorganic nitrogen (Figure 18, Table 11). Ammonia
concentrations remain at or near background levels in relation to the plant. Mild organic or
nutrient enrichment from diffuse sources was evident upstream from the plant, as evidenced by
low dissolved oxygen concentrations measured at SR 48 (203516; RM 11.1), and wide dissolved
oxygen swings measured at SR 741 (HO9W49; RM 7.6). One of the low dissolved oxygen
values at RM 11.1 was less than the instantaneous minimum standard (4.0 mg/1) for WWH
streams (see Table 14). The nutrient load from the plant was not actively assimilated by the
creek, as canopy cover muted periphyton growth. Existing conditions measured downstream
from the plant suggest that were the canopy to be removed due to construction or development,
significant, localized adverse impacts due to effects from enrichment could be expected.

Table 11. Enrichment indicators measured from Clear Creek, 2010.

Site . DIN & TP Benthic Dissolved Fish &
Trophic Index (mg/l) Chlorophyll Oxygen Macroinvertebrates
& (mg/m®) (mg/1)
SR 48 Threatened DIN_= 0.25; Chla=104 Min = 2.95 Marginal
(RM 11.1) TP =0.06
7 2) 4) (0) (1)
SR 741 DIN = 0.59 _ 24-hour range
(RM 7.6) Threagtened TP = 0.03 Chl 2(12—) 126 ~ 99 Meet( Z;’WH
2) 0)
Weidner Rd. DIN = 3.54 _ 24-hour range
(RM 6.9) Threz;tened TP = 0.72 Chl 2(12—) 155 —91 Meet( Z;’WH
0) 0)
Park Low variance
(RM 2.5) & mean=17.9
Acceptable DIN_= 2.28 Chla=284 mg/l; no Meet WWH
11 TP =0.55 ) super- )
(0) staturation in
grabs
3)
Baxter Rd. DIN =2.05 _ 24-hour range
(RM 0.77) Threatened TP = 0.44 Chla=154 ~g3 Meet WWH
7 0) ) (1) 4)
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Figure 18. Longitudinal profiles of key water quality indicators measured in samples collected
during 2010 from Clear Creek: a) ammonia nitrogen, b) TKN, c¢) TDS, and d) total phosphorus.
The dashed line in the ammonia plot shows the level where ammonia becomes chronically toxic
to sensitive organisms. The shaded region in the TKN plot shows depicts the upper range (i.e.,
the 75"-90™ percentile) of concentrations typical for small streams in the region. The dashed
line in the TDS plot shows the level where macroinvertebrate communities are likely to be
adversely affected. The shaded regions in the phosphorus plot shows the range where
concentrations are elevated above background concentration, but not necessarily atypical.
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Other Tributaries

Water quality parameters measured in Elk Creek and Browning Run were at, or below, levels
considered typical for streams in the region (Figure 19), coincidental with being one of the least
developed catchments in the lower GMR basin. Water quality in general, within a given sub-
catchment, coincided with levels of urban/suburban development (Table 12). Dicks Creek has
elevated concentrations for all of the routine water quality parameters, and in addition to being
relatively highly urbanized, receives effluent from AK Steel, a major industrial discharger. Water
quality exceedences for temperature, and total suspended solids and specific conductivity were
recorded from the sample collect on 8/11/2010 (Table 14). Owl Creek is also heavily urbanized,
and receives effluent from West Carrollton Parchment, a significant source of dissolved solids to
the creek. Suspended solids and conductivity exceeded water quality standards in all samples
collected downstream from the plant at river mile 0.17 (H09S07; Central Avenue). Pleasant Run
drains the northwest suburbs of Cincinnati, but is not been subject to major point source
discharges. Similarly, neither the Gregory/Coldwater, Taylor Creek, nor Holes Creek sub-

catchments have significant majors discharging to their waters. However, Holes Creek in the
vicinity of Lyons Road (301027; RM 8.6) was subject to sewer overflows from an unidentified
location. Of course nitrate concentrations tend to run counter to the rule of less development-

better water quality, owing to that fact that nitrogen fertilizers are applied to farm fields ad
libitum.

Table 12. Means and (standard deviations) of key water quality parameters measured in
tributaries to the lower GMR, 2010. N gives the total number of samples for each parameter
collected within a given subcatchment.

SUBBASIN N |TSsS NH3-N TKN NOx-N  |TP TDS %Developed'
Dicks Creek 16 20.1 (32)| 0.118(0.07)] 0.99(0.19)[ 1.1(0.54)] 0.097(0.038)] 1115 (362) 49
Owl Creek 12 ns (ns)| 0.031(0.015)| 0.44 (0.15) ns (ns)| 0.027 (0.032)] 1203 (977) 90
Pleasant Run 13 3.7(3.3)| 0.027(0.007)] 0.61(0.15)| 0.35(0.27)] 0.038 (0.022)| 547 (95) 91
Gregory-Coldwater |27 4.9 (4.6)] 0.042(0.027)] 0.49(0.17)] 0.33(0.32)] 0.044 (0.028)| 527 (146) 51
Taylor Creek 39 | 10.5(10.1)] 0.036(0.023)] 0.6(0.14)] 0.66(0.94)] 0.272(0.167)| 491 (67) 52
Holes Creek 25 5.7(6.6)| 0.045(0.032)| 0.58(0.18)| 0.68(0.35)] 0.039 (0.063)| 476 (105) 85
Paddy's Run 6 6.8(6.2)| 0.03(0.011)] 0.44(0.15)| 1.23(1.55)] 0.088 (0.035)] 448 (30) 14
Elk-Browing 40 4.6 (4.7)] 0.026(0.007)] 0.24(0.17)] 1.13(1.08)] 0.023(0.022)] 378 (25) 18

based on all land use/land cover type classified as developed in the NCLD 2001coverage.
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Figure 19. Distributions of key water quality parameters measured in tributaries to the lower
GMR, 2010. The dashed line in the ammonia nitrogen plot shows the level chronic toxicity
affects sensitive organisms. The shaded region in the TKN plot depicts the upper range (i.e., the
75"-90" percentile) of concentrations typical for small streams in the region. The shaded region
in the TDS plot shows the levels where macroinvertebrate communities are likely to be adversely
affected given the range of alkalinities measured in each tributary. The shaded region in the total
phosphorus plot shows the range where concentrations are elevated above background
concentrations, but not necessarily atypical.
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Organic Contaminants

Pesticides, herbicides, industrial solvents and lubricants, flame retardants, by-products of
petroleum combustion, plasticizers, and chlorine disinfection by-products are examples of
organic (carbon-based) compounds that can contaminate surface waters. Organic contaminants
are of concern because they can be directly toxic to aquatic life at low concentrations, as is the
case for legacy pesticides like DDT, lindane and chlordane, or cause sublethal effects as
endocrine mimics (i.e., can act as hormones), as in the case of plasticizers. Additionally, these
contaminants pose a risk to humans as many bioaccumulate (i.e., they build-up in the body over
time) and are neurotoxic and/or carcinogenic. Because the sources of organic contaminants are
various and many, these pollutants are ubiquitous in the environment. However, the
concentrations are generally trace amounts, and though consequential at the population level
(i.e., detectable as an increase in the incidence of cancer, birth defects, or developmental
disorders in very large samples), the level of overt risk posed to any given individual from casual
contact with waters in the study area is astronomically remote. For example, the risk of incurring
a cancer through occupational exposure to atrazine is ~ 5 in one million for commercial pesticide
applicators. To put that in perspective, the chance of dying while riding a roller coaster is 1 in
300 million, lifetime odds of being struck by lighting is 1 in 5000, and lifetime odds of dying in
an automobile accident is 1 in 80. The maximum concentration of atrazine detected in surface
water samples collected during the survey was 7.22 pg/l in the May 19" sample collected from
the Great Miami River at 78.85 (HO9OWO02; Stewart Street). That concentration is about 100
times less than what a commercial applicator might experience in a typical day, but does exceed
the drinking water standard of 3 pg/l. The average concentration of atrazine in samples where it
was detected was 0.4 pg/l.

Forty-one locations in the lower Great Miami River study area were sampled for organic
contaminants. Most sites were sampled at least twice during the summer, but some up to 4
times, yielding a total of 98 sampling events. Results of those sampling events are summarized in
Table 13. In all, 17 different compounds out of a possible list of 154 contaminants (Appendix 2)
were detected. The most frequently detected compound was the herbicide atrazine (19
detections), followed by chloroform (18), isomers of lindane (13), a flame retardant (12) and
dieldrin (11). Chloroform has industrial applications, but is also the by-product of chlorine
disinfection (either household or wastewater treatment). Lindane is no longer approved as a
broadcast pesticide, but is still approved as a scabicide for medical treatment. Dieldrin is a
degradate of the banned pesticide aldrin, and was present at concentrations that pose risk to
human health through bioaccumulation via consumption of fish (Table 13).

In light of the discussion in the preceding paragraph, and relative to results from the 1995 survey,
concentrations of legacy pesticides appear to be decreasing. For example, heptachlor epoxide, a
pesticide used against termites, and degradates of DDT were not detected in 2010, whereas in
1995, they were detected at most locations. Also, the over-all frequency of detections was lower
in 2010 compared to 1995. This suggests that the collective risk to the general population from
long-term exposer to organic contaminants should be decreasing. The presence of atrazine at
concentrations exceeding the drinking water standard, however, suggests that efforts to reduce
application and better manage mobility from fields is necessary to fully protect water quality.
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Table 13. Detections of organic compounds in surface water samples collected from
the lower Great Miami River and tributaries during the 2010 survey.

River Mile

Parameter

Concentration (pg/l)

14-001-000 Great Miami River

80.65

78.85

75.86

73.77

72.48

a-BHC

bis(2-Ethylhexyl)phthalate

a-BHC
Acetochlor
Atrazine
Bromomethane
d-BHC

Dieldrin
Metolachlor
Oxamyl

Bromodichloromethane
Bromomethane
Chloroform

d-BHC

cis-1,2-Dichloroethene
Trichloroethene

a-BHC
Bromodichloromethane
Bromomethane
Chloroform

d-BHC

0.0024; 0.0028
0.5900; 0.5500

0.0026; 0.0039
3.7000
7.2200
0.7700
0.0023
0.0023
2.3500
0.5600

2.5500; 2.0200
1.8000
5.6400; 6.4600
0.0046

1.9400
1.7300

0.0026
0.5300; 0.5100
1.2700
1.7300; 1.6000
0.0026
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Table 13. Continued.

River Mile Parameter Concentration (pg/l)
71.60
Bromodichloromethane 0.6100; 0.6200
Bromomethane 0.6100
Chloroform 1.8400; 1.9400
Endosulfan | 0.0022
69.87
Bromodichloromethane 0.7200; 0.7100
Bromomethane 0.6300
Chloroform 2.2100; 1.9300
69.30
Bromodichloromethane 0.6300; 0.6400
Chloroform 2.0600; 1.8400
d-BHC 0.0025
68.60
bis(2-Ethylhexyl)phthalate 0.6500
Bromodichloromethane 0.6000
Bromomethane 0.5500
Chloroform 1.5100; 1.1900
66.90
Acetochlor 0.2800; 2.1500
Atrazine 0.5300; 4.4300
bis(2-Ethylhexyl)adipate 0.5600
bis(2-Ethylhexyl)phthalate 0.6900
Bromodichloromethane 0.6100
Chloroform 0.5900; 1.3800
Dieldrin 0.0049
Endrin 0.0021
Metolachlor 1.9100
Simazine 0.3000
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Table 13. Continued.

River Mile Parameter Concentration (pg/l)
62.58
Chloroform 0.5200; 0.5600
59.50
Chloroform 0.5700; 0.7200
52.64
Acetochlor 1.4000
Atrazine 0.2000; 5.0200
bis(2-Ethylhexyl)phthalate 0.6600
d-BHC 0.0033
Dieldrin 0.0037; 0.0032
Metolachlor 2.0300
Simazine 0.2000
51.56
Atrazine 0.2100
49.27
Atrazine 0.2100
47 .91
d-BHC 0.0041
46.80
Dieldrin 0.0039
45.20
Dieldrin 0.0055
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Table 13. Continued.

River Mile Parameter Concentration (pg/l)
34.10

Acetochlor 0.2900

Atrazine 1.2800

d-BHC 0.0023

Dieldrin 0.0056

Metolachlor 0.3900
32.70

Dieldrin 0.0027
31.40

Atrazine 0.2200
19.90

Atrazine 0.2400

d-BHC 0.0020

Dieldrin 0.0028
15.49

Acetochlor 0.3600

Atrazine 1.6300

bis(2-Ethylhexyl)phthalate 0.7100

Dieldrin 0.0038

Metolachlor 0.5100
8.52

Atrazine 0.2700

d-BHC 0.0069
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Table 13. Continued.

River Mile Parameter Concentration (pg/l)

14-004-000 Taylor Creek

0.82
a-BHC 0.0054
bis(2-Ethylhexyl)phthalate 0.6300

14-016-000 Gregory Creek

0.98
a-BHC 0.0028
Atrazine 0.3600

14-018-000 Dicks Creek

0.93
Acetochlor 0.2000
Atrazine 0.8900

14-022-000 Elk Creek

1.49
a-BHC 0.0042
Atrazine 0.5500
d-BHC 0.0022
Metolachlor 0.2300

14-024-000 Clear Creek

0.77
a-BHC 0.0033
Atrazine 0.3900
d-BHC 0.0025
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Table 13. Continued.

River Mile Parameter Concentration (pg/l)

14-029-000 Bear Creek

0.24
a-BHC 0.0029
Atrazine 0.7400
bis(2-Ethylhexyl)adipate 0.5100

14-036-000 Holes Creek

3.37
a-BHC 0.0023
Acetochlor 0.2200
Atrazine 0.9200
bis(2-Ethylhexyl)phthalate 0.6400
Bromomethane 0.8500
d-BHC 0.0070
Metolachlor 0.3100

14-037-000 Wolf Creek

2.49
a-BHC 0.0029; 0.0024
Atrazine 0.6700
bis(2-Ethylhexyl)adipate 0.5900
bis(2-Ethylhexyl)phthalate 0.5200
Bromomethane 3.3400
d-BHC 0.0025

Dieldrin 0.0034
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Parameter Description

a-BHC hexachlorocyclohexane (Lindane), banned insecticide
Acetochlor herbicide (chloroacetanilide)

Atrazine herbicide

bis(2-Ethylhexyl)adipate plasticizer

bis(2-Ethylhexyl)phthalate plasticizer

Bromodichloromethane flame retardant

Bromomethane pesticide

Chloroform disinfection by-product, industrial solvent, natural

cis-1,2-Dichloroethene
d-BHC

Dieldrin

Endosulfan |

Endrin

Metolachlor

Oxamyl

Simazine
Trichloroethene

industrial solvent
hexachlorocyclohexane (Lindane)
by-product of the banned pesticide Aldrin
banned pesticide

banned pesticide

agricultural herbicide (chloroacetanilide)
pesticide

herbicide

industrial solvent
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Table 14

Exceedences of Ohio EPA Water Quality Standards (WQS) (OAC 3745-1) (and other
chemicals not codified for which toxicity data is available) for chemical/physical water
parameters measured in grab samples taken from the lower Great Miami River study
area during the summer of 2010 (units are ug/l for metals and organics, °C for
temperature, SU for pH, uymhos/cm for specific conductivity, and mg/l for all other
parameters).

Stream (use designation )

Parameter (value)

AU ? River Mile

Great Miami River (WWH, PCR, AWS, IWS)

LRAU | 78.85 Dieldrin (0.0023#)

LRAU | 66.90 Dieldrin (0.0049%#)

LRAU | 52.64 Dieldrin (0.0037#, 0.0032#)
LRAU | 51.24 fi%arﬂfrﬁ;&e?%g{ %11 ’72*,12’%%2, 3.61%, 2.70%)
LRAU | 46.80 Dieldrin (0.0039%#)

LRAU | 45.20 Dieldrin (0.0055#)

LRAU 36.95 Temperature (29.7%)

LRAU | 34.10 Dieldrin (0.0056#)

LRAU | 32.70 Dieldrin (0.0027#)

LRAU | 19.90 Dieldrin (0.0028#)

LRAU | 15.45 Dieldrin (0.0038#)

Wolf Creek (WWH, PCR, AWS, IWS)

01-02 | 16.61 Dissolved oxygen (4.25%, 3.75)
01-03 | 2.49 Dieldrin (0.0034#)

Opossum Creek (WWH, PCR, AWS, IWS)

01-06

| 0.1 | Dissolved oxygen (4.58', 4.16",3.16",3.61)

Owl Creek (LRW, SCR, AWS, IWS)

01-06

Total dissolved solids (1860*, 1750*, 2380*, 2570*, 2340*, 1710*

0.17 Specific conductivity (2655, 2604*, 3308*, 3545%, 3310*, 2473%)

Clear Creek (WWH, PCR, AWS, IWS)

04-03 | 11.1 Dissolved oxygen (4.95%, 4.52% 2.95%)
04-03 7.57 Dissolved oxygen (4.77%)
Dicks Creek (WWH, PCR, AWS, IWS)
Temperature (28.86%)
07-04 0.93 Total dissolved solids (1640%)

Specific conductivity (2550%)

Coldwater Creek (WWH, PCR, AWS, IWS)

07-05

‘ 0.6 ‘ Dissolved oxygen (4.19*)

Pleasant Run (WWH, PCR, AWS, IWS)

09-01

| 3.75 | Dissolved oxygen (4.63")

Taylor C

reek (WWH, PCR, AWS, IWS)
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Stream (use designation )

- - : Parameter (value)
AU River Mile
09-05 | 0.82 Dissolved oxygen (4.97%)
Wesselman Creek (WWH, SCR, AWS, IWS)
09-05 3.00 Dissolved oxygen (4.95%)

a AU — Assessment Unit
LRAU - Large River Assessment Unit
See Table __ for 12-digit watershed assessment units.

b Use designations:

Aquatic Life Habitat Water Supply Recreation

LRW - limited resource water IWS - industrial water supply PCR - primary contact
WWH - warmwater habitat AWS - agricultural water supply SCR - secondary contact
EWH - exceptional warmwater habitat PWS- public water supply BWR -bathing water

Undesignated [WWH criteria apply to ‘undesignated’ surface waters.]

* exceedence of numerical criteria for prevention of chronic toxicity (CAC).

** exceedence of numerical criteria for prevention of acute toxicity (AAC).

***exceedence of numerical criteria for prevention of lethality (FAV).

A exceedence of the pH criteria (6.5-9.0).

# exceedence of numerical criteria for the protection of human health (non-drinking-protective of
people against adverse exposure to chemicals via eating fish).

m exceedence of numerical criteria for the protection of human health (drinking water-public water
supply).

o exceedence of agricultural water supply criterion.

I value is below the EWH minimum 24-hour average D.O criterion (6.0 mg/l) or value is below the
WWH minimum 24-hour average D.O criterion (5.0 mg/l) or value is below the MWH minimum
24-hour average D.O criterion (4.0 mg/l) as applicable.

It value is below the EWH minimum at any time D.O. criterion (5.0 mg/l) or value is below the WWH
minimum at any time D.O. criterion (4.0 mg/l) or value is below the MWH minimum at any time
D.O. criterion (3.0 mg/l) as applicable.
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Sediment Chemistry and Fish Tissue

Overview

Concentrations of sediment metals exceeding the MacDonald (2000) probable effects
concentrations (PEC - the concentration level where adverse effects usually or always occur) are
referenced in Table 17. Only one site on the survey, Opossum Run at Pinnacle Road, had a
metal (Zinc 1010 mg/kg) over the PEC. Concentrations of organic compounds (i.e., priority
pollutants) detected in stream sediments (Table 18) are also evaluated against effects levels given
in MacDonald (2000), and Ecological Screening Levels given in USEPA (2003). Polycyclic
aromatic hydrocarbons (PAHs) were detected most frequently in and immediately downstream
from the Dayton area (Figure 20). PAHs are common byproducts of internal combustion
engines, and a component of some types of blacktop. Consequently, impervious surfaces
represent a generic source of PAHs, and as such, PAH concentrations in sediments have a closer
temporal relationship with source origin than (axiomatically) legacy pollutants like PCBs and
discontinued or restricted pesticides like aldrin. The upshot being that stormwater management
can reduce loadings of PAHs.

Polychlorinated biphenyls (PCBs) were present at levels exceeding probable effects levels
(McDonald 2000) at three sites, two on the GMR (RMs 59.1 and 26.1), and one on Dicks Creek
at RM 0.93. DDT, but neither of its degradates (DDD and DDE), was detected at RM 15.49,
suggesting a recent origin. Though use of DDT is banned in the United States, it is still used in
other countries, and consequently can be introduced through treated produce or atmospheric
deposition. Sediment sites were co-located with biological sampling sites in 38 of 40 sites.
Eighty percent (30/38) of the all sediment sites met full attainment of the aquatic life use
designation. No significant correlation was detected between the condition status of biological
communities and sediment contaminant concentrations (n.b., tissue contamination levels are
distinct from aquatic life condition status).

Concentrations of sediment metals measured in 2010 either decreased, or showed no trend
compared to those measured at similar locations in 1995 (Table 15). However, concentrations of
sediment PCBs measured in 2010 increased relative to 1995 (Mann-Whitney test; P<0.05), likely
as a result of stream bed and bank disturbance in the vicinity of Stewart Street (RM 78.85). The
site at Stewart Street is immediately downstream from where a major PCB spill occurred at the
now closed Dayton Tire facility in 1987. A major bridge replacement was undertaken at Stewart
Street in 2009-2010, disrupting the stream and bank area in the sample location.

Also, in the summer of 2010, prior to when sediment samples were collected for the survey,
contractors working on I-75 mined sand and gravel from the vicinity of RM 78.6 on the Great
Miami River, approximately 0.25 miles downstream from the sediment sampling site at Stewart
Street. On September 1, 2010 in-stream sand and gravel mining reached twenty feet deep and
ruptured a buried sewage line from the Dayton WWTP. After this accident, Miami Conservancy
District put restrictions on the mining activity. The point here is that the gravel mining and
bridge replacement likely hastened gravel transport from upstream, leading to the following
paradoxical result.
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Figure 20. Number of polycyclic aromatic hydrocarbon (PAH) detections in sediment samples
collected from the lower Great Miami River study area, 2010, for the 9 PAH compounds listed in
McDonald et al. (2000). The number of detections exceeding the probable effects concentration
are superimposed on the total number of detections.
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Table 15. Median concentrations (mg/kg) of metals collected from similar locations
(N = 14) in the Great Miami River, 1995 and 2010. Between-year difference in the
central tendency for each metal was assessed with the Mann-Whitney test (a non-
parametric analogue of the two-sample t-test).

Metal
As Cd Cr Cu Pb Ni Se Hg
1995 8.880 | 0.710 24.700 | 22.750 | 24.450 | 14.250 1.248 0.069
2010 4.690 | 0.778 14.950 | 20.450 | 20.050 | 13.450 0.750 0.034

M-W Test,
P-value

Year

0.004 | 0.535 0.001 0.312 0.890 0.696 0.036 0.073

No PCBs were detected in what were apparently freshly deposited sediments at the Stewart
Street site (RM 78.85). However, PCB concentrations in fish tissue samples collected in the
vicinity of Stewart Street were the highest recorded in the survey (Table 16), an obvious result of
long-term exposure and the history of contamination in the area.

The bridge and mining disturbance also appears to help explain another paradoxical result.
Despite the over-all increase in sediment PCB concentrations in 2010 relative to 1995, PCB
tissue concentrations from samples collected recently in the lower GMR main stem (2008-2010)
were lower compared to samples collected between 1993 and 2002 (Figure 21); a result that
suggests that if the 2010 disturbance has any effect on tissue concentrations, the effect will be
transient.

DDT concentrations (and its degradates) were also lower in the recent samples compared to the
antecedent period, likely reflecting the discontinued (or diminished) use of this and similar
compounds as previously discussed (see Surface Water - Organic Contaminants). However,
mercury tissue concentrations were higher in the recent time frame compared to the earlier
period. The source of mercury contamination is largely from on-going atmospheric deposition,
and therefore historic sediment contamination is likely not the primary route of tissue
contamination. Tissue and sediment results for individual sites are presented in Appendix 3.
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Table 16. Concentrations of contaminates in sediment and fish tissue (average concentrations
by species) samples collected near Stewart Street in the Great Miami River.

PCB Mercury Lead DDT Arsenic
(Mo/kg) | (ug/kg) (Mo/kg) | (Hg/kg) (Hg/kg)
Sediment results BRL 76 46600 BRL 6,770
RM 78.85
RM 78.1 (fish tissue)
dst Stewart Street
COMMON CARP (5) 9665.95 | 118 BRL 35.5 194
Do not eat 1 meal/wk Unrestricted 1 meal/wk
CHANNEL CATFISH (4) 1572.6 110 BRL 28.95 BRL
6 Meals/yr 1 meal/wk Unrestricted
FLATHEAD CATFISH (3) 170.6 249 BRL BRL BRL
1 meal/wk 1 meal/mo
ROCK BASS (4) BRL 252 BRL BRL 51
1 meal/mo Unrestricted
SMALLMOUTH BASS (4) BRL 147 146 BRL 128
1 meal/wk 1 meal/wk Unrestricted
BRL below reporting limit
PCBs DDT Mercury
20 83 32 8 15 78 4 40 20 2 9 30 41101 32 17 25 111
1.5 T T T T T T 0.6 T T T T T T 0.5 T T T T T T
10 ° | o4 f . T
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Figure 21. Residuals from the regression of tissue concentrations on sample percent lipid
content and mean length, plotted by year for tissue samples collected from the Great Miami
River. Within-year sample sizes are plotted along the top of each plot. Linear contrasts of 1993-
2003 means against 2008-2010 means are indicated by shading.
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Table 17. Concentrations (mg/kg unless otherwise noted) of metals and nutrients in sediment
samples collected in the main stem of Lower Great Miami River during 2010. Parameter
concentrations were evaluated based on Ohio EPA sediment metal reference sites (2003),
MacDonald (2000) Sediment Quality Guidelines (SQG) and Persuad (1993). Values digressing
from guidelines are highlighted.

Great Miami River Main stem River Mile
Dryden Dst. Ust Dst. Fville-
Stewart Rd. Dayton Appleton | Appleton | W.Carrolton Reference
Parameter 78.85 77.24 W7V5V;P P7azp§r P7a1[?7er 69.9
AT © 10100 6070 5260 13200 3800 6920 39000 *
As-T M 6.77 5.43 4.21 9.22 7.04 18.8 18 >33
Ba-T ° 160 111 93.1 298 175 80.9 240 *
Ca-T° 154000 121000 96500 194000 158000 380000 120000 *
Cd-TM 1.04 1.91 0.809 1.25 0.661 1.03 0.9 >4.98
Cr-TM 18.6 13.8 10.7 23.9 8.84 16.7 40 >111
Cu-T 38.7 23.4 13.3 37.3 15.9 19.6 34 >149
Fe-T° 18400 12900 11400 26100 19600 22900 33000 *
Hg-T " 0.076 <0.05 <0.033 <0.135 0.044 0.094 0.12 >1.06
K-T ° <1960 <1660 <310 <4630 <2160 <3040 11000 *
Mg-T °© 48300 27500 25300 31200 39300 180000 35000 E
Mn-T ° 506 342 304 810 278 467 780 *
Na-T * <4910 <4150 <3270 <11600 <5400 <7590 * *
Ni-T M 18.8 14.4 1.7 28.4 12.4 24.0 42 >48.6
Pb-TM 46.6 30.9 15.1 46.4 26.7 23.3 47 >128
Se-T° <1.96 <1.66 <1.31 <4.63 <2.16 <3.04 2% *
Sr-T° 327 204 159 679 231 257 390 *
Zn-ToM 182 105 56.5 206 80.6 128 160 >459
[  Ohio | Persuad |
NH3-N ¥ 120 L 54 55 710 L 50 190 L E 100
TOC(%) "~ 5.6 5.2 42 6.9 7.9 9.5 * 10.0%
pH (SU) * 77 7.8 8.0 8.3 7.9 8.4 * *
P-T" 703 642 537 1140 974 557 * 2000
%FGM° 100 34 25\ 46 5\ 7N 30.0% *
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Table 17. Continued.
Great Miami River Main stem River Mile
Dst
Dst.Ow oot N | Linden | Chautauqua | ¢ ., | Franklin Reference
reek WWTP Ave. Road 60,58 WWTP
Parameter | 69.3 68.7 66.9 64.8 59.1
AT 6030 5380 4110 8650 4950 5820 39000 *
As-T M 17.6 4.80 458 6.41 23.2 5.85 18 >33
Ba-T ° 74.7 88.7 101 127 59.4 128 240 *
Ca-T® 170000 88400 110000 135000 153000 117000 120000 *
Cd-TM 1.30 0.840 0.746 1.14 25 1.93 0.9 >4.98
Cr-TM 23.9 14.6 14.5 20.5 29.6 36.6 40 >111
Cu-ToM 18.9 22.4 21.3 37.1 29.8 54.7 34 >149
Fe-T° 28600 12300 11700 17800 11600 14200 33000 *
Hg-T " 0.121 0.140 <0.047 <0.067 <0.05 0.174 0.12 >1.06
K-T ° <2520 <1320 <1650 <2160 <1920 <1810 11000 *
Mg-T °© 62400 26900 29100 39600 51800 33000 35000 *
Mn-T ° 403 308 363 461 346 397 780 *
Na-T * <6290 <3300 <4120 <5410 <4800 <4520 * *
Ni-T M 21.9 12.5 14.5 20.7 27.8 19.4 42 >48.6
Pb-TM 30.4 27.9 30.7 34.8 58.5 56.8 47 >128
Se-T° <2.52 <1.32 <1.65 <2.16 18.9 <1.81 2% *
Sr-T° 153 136 189 236 166 213 390 *
Zn-To 90.0 88.7 100 151 60.3 139 160 >459
|  Ohio [ Persuad |
NH3-N ¥ 57 32 110 L 150 L 60 78 * 100
TOC(%) "~ 6.5 45 6.0 53 4.1 6.4 * 10.0%
pH (SU) * 8.2 7.7 7.7 76 8.2 7.7 * *
P-T" 820 662 786 1240 688 1100 * 2000
%FGM° 16 41 43 32 ™~ | o7 30.0% i
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Table 17. Continued.
Great Miami River Main stem (River Mile )
New Dst. Ust
SR122 Middletown |  Verity Dst AK SR73 | Dicks Ck Reference
Central Av Dam csO Steel 011 (49.1) (48 O)
Parameter | (52.64) (51.6) (51.44) (51.24) :
AT © 6190 6230 2870 6390 3690 13600 39000 *
As-T M 4.92 5.56 245 7.77 3.71 9.50 18 >33
Ba-T ° 96.1 99.8 34.3 81.5 54.9 148 240 *
Ca-T® 154000 254000 101000 142000 86800 172000 120000 *
Cd-TM 0.572 0.652 0.351 1.09 0.617 0.599 0.9 >4.98
Cr-TM 15.3 16.4 6.93 22.2 15.6 17.8 40 >111
Cu-TM 19.6 18.2 7.30 26..7 13.4 17.8 34 >149
Fe-T° 14000 16200 7240 23100 9680 23200 33000 *
Hg-T " <0.069 <0.085 <0.043 0.156 0.033 <0.073 0.12 >1.06
K-T ° <2510 <3130 <1430 <1990 <1170 <2820 11000 *
Mg-T °© 43300 78100 31800 41300 26000 57400 35000 *
Mn-T ° 328 506 226 397 218 413 780 *
Na-T * <6260 <7810 <3580 <4930 <2920 <7050 * *
Ni-T M 14.9 19.5 11.9 25.9 10.3 20.8 42 >48.6
Pb-TM 18.3 225 1.4 66.0 16.7 15.6 47 >128
Se-T° <2.51 <3.13 <1.43 <1.99 <1.17 <2.82 2% *
Sr-T° 255 332 110 213 124 188 390 *
Zn-ToM 69.8 86.7 35.3 354 73.7 89.6 160 >459
| Ohio | Persuad |
NH3-N © 100 L 210 L 46 66 50 64 * 100
TOC(%) "~ 45 4.4 3.1 4.1 36 5.4 * 10.0%
pH (SU) * 7.9 8.2 8.3 8.4 8.3 8.0 * *
P-T" 1120 2110A 583 882 464 1330 * 2000
%FGM° 18\ o\ 7~ 12\ 18\ 35 30.0% *
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Table 17. Continued.
Great Miami River Main stem (River Mile )
Dst
8? Dicks Lesolarsc}sville Et?e.“y' Halr?filtton Ha%siltt.on Fairfield Reference
airfield WWTP
Parameter | (47.1) WwTP (43.23) Dam WWTP (31.2)
(45.3) (34.52) (33.85)
AT 4900 9310 1780 3280 3380 2560 39000 *
As-T M 7.9 8.38 2.46 218 3.23 268 18 >33
Ba-T ° 79.6 165 28.4 53.1 60.9 37.5 240 *
Ca-T° 162000 344000 76400 100000 101000 96500 120000 *
Cd-TM 0.487 0.480 0.248 0.297 0.739 0.273 0.9 >4.98
Cr-TM 12.3 19.4 4.83 7.37 15.4 6.33 40 >111
Cu-ToM 13.3 29.3 6.49 7.47 18.4 1.6 34 >149
Fe-T° 10500 23400 5660 8860 10300 7030 33000 *
Hg-T " 0.049 <0.124 <0.024 <0.030 <0.039 0.036 0.12 >1.06
K-T ° <1720 <4570 <1030 <1230 <1320 <1150 11000 *
Mg-T °© 38700 75600 23200 22900 27400 26300 35000 *
Mn-T ° 419 1190 206 230 325 281 780 *
Na-T * <4290 <11400 <2570 <3090 <3310 <2870 * *
Ni-T M 1.2 23.3 6.77 6.92 9.74 6.82 42 >48.6
Pb-TM 13.3 18.6 8.85 8.11 19.2 13.0 47 >128
Se-T° <1.72 <4.57 <1.03 <1.23 <1.32 <1.15 2% *
Sr-T° 208 562 87 143 147 119 390 *
Zn-To 81.7 127 31.5 36.4 86.8 41.9 160 >459
[ Ohio | Persuad |
NH3-N ¥ 53 520 L 52 38 56 67 * 100
TOC(%) "~ 48 8.3 3.3 43 6.7 42 * 10.0%
pH (SU) * 7.9 75 76 75 7.8 7.8 * *
P-T" 1280 2860A 846 3040A 998 793 * 2000
%FGM° 34 24N 12\ 8™ 13N | 13\ 30.0% :
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Table 17. Continued.
Great Miami River Main stem (River Mile )
Dst. o Dstgsylor Dt
arrison St.
(822_1156 Paddys Rd. TaylorCk | US 50 REErENEE
Parameter (19.6) (15.49) WWTP (8.2)
(14.93)
AT © 4420 11900 5710 2970 1860 39000 *
As-T M 4.28 8.60 4.83 2.89 217 18 >33
Ba-T ° 64.7 129 137 57.5 28.4 240 *
Ca-T° 113000 265000 162000 113000 82200 120000 *
Cd-TM 0.866 1.03 0.570 2.89 0.292 0.9 >4.98
Cr-TM 17.5 20.8 10.5 6.04 5.27 40 >111
Cu-T 16.9 23.3 21.8 8.76 5.87 34 >149
Fe-T° 12400 28500 13700 8390 6380 33000 *
Hg-T " 0.109 <0.082 <0.064 <0.034 <0.026 0.12 >1.06
K-T° <1350 <3030 <2050 <1270 <996 11000 *
Mg-T °© 29200 68200 28200 22800 22800 35000 *
Mn-T ° 414 906 485 259 212 780 *
Na-T * <3380 <7570 <5130 <3190 <2490 * *
Ni-T M 1.2 23.4 16.1 8.77 6.37 42 >48.6
Pb-T ¥ 20.9 28.6 18.7 9.08 7.99 47 >128
Se-T° <1.35 <3.03 <2.05 <1.27 <1.00 2% *
Sr-T° 172 394 381 193 92 390 *
Zn-ToM 86 126 84.7 42,5 29.5 160 >459
[  Ohio | Persuad |
NH3-N ¥ 44 70 190 L 43 150 * 100
TOC(%) " 36 4.0 4.4 48 3.4 * 10.0%
pH (SU) * 77 8.2 7.9 7.9 7.8 * *
P-T" 1800 4190A 1490 919 1060 * 2000
%FGM° 16\ 20\ 26\ 21\ 1\ 30.0% *

80




EAS/2012-5-7 Lower Great Miami River TSD May 12, 2012
Table 17. Continued.
Great Miami River Tributaries (River Mile )

‘évs‘;'f Creek | \wolf Creek | Holes Ck | owlck | Opossum | oo

Brookville Wesleyan Mad River Central Pinnacle Baxter Rd Reference
Parameter | WWTP Nature Ctr Rd Ave Rd (0.77)

(14.14) (2.49) (18.7) (0.2) (1.4)
AT 7180 2030 5020 9880 13300 4950 39000 *
As-TM 10.8 3.47 7.01 6.57 3.79 5.41 18 >33
Ba-T © 101 26.4 54.4 73.1 827 60.4 240 *
Ca-TP° 185000 99300 128000 113000 136000 175000 120000 *
Cd-T M 0.996 0.288 0.578 0.860 0.266 0.456 0.9 >4.98
Cr-TM 16.3 6.18 10.2 18.2 487 96 40 >111
Cu-ToM 29.2 7.40 14.3 26.6 8.17 17.6 34 >149
Fe-T° 20500 6500 13900 18400 26000 14500 33000 *
Hg-T <0.061 <0.032 <0.052 0.238 <0.034 <0.070 0.12 >1.06
K-T © <2880 <1200 <2030 <1970 17300 <2160 11000 *
Mg-T ° 71100 34100 41400 41500 44800 45600 35000 E
Mn-T © 448 158 408 363 1070 590 780 *
Na-T * <7190 <2990 <5080 <4930 29700 <6540 * *
Ni-T oV 24.9 6.71 14.5 18 1.2 14.2 42 >48.6
Pb-TM 33.6 12.1 12.7 37 6.53 21.7 47 >128
Se-T° <2.88 <1.2 <2.03 <1.97 <1.48 <2.61 2% *
Sr-T° 313 84 111 93 892 179 390 *
Zn-TM 142 55.6 68.7 17 1010m 78.3 160 >459

| Ohio [ Persuad |

NH5-N © 90 450 L 47 46 48 130 L E 100
TOC(%) " 43 35 6.0 3.2 53 3.1 * 10.0%
pH (SU) * 74 8.1 7.8 8.3 7.9 8.0 * *
P-T" 1740 284 502 783 330 130 * 2000
%FGM® 13\ 8N 24 20\ 24 10N 30.0% i
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Table 17. Continued.
Great Miami River Tributaries (River Mile )
Boar Creek Dicks Creek G Creek Taylor Ck
M’burg-Soldiers ICKS Cree regory Cree aylor
HomegRoad Elk Creek Main St Lesourdsville-W. | Wesselman Reference
Howe Road
RM | (0.24) (1.49) (Excello) Chester Rd Rd
Parameter ’ (0.93) (0.98) (0.82)
Al-T °© 5960 10300 4480 9580 7610 39000 *
As-T M 10.0 7.51 6.03 8.54 12.5 18 >33
Ba-T° 63.5 142 42.5 94.8 78.2 240 *
Ca-T °© 303000 155000 60900 228000 136000 120000 *
Cd-T oM 0.610 0.638 0.869 0.778 0.547 0.9 >4.98
Cr-T oM 10.4 14.4 9.61 13.9 16.1 40 >111
CU-TONI 12.7 31.4 11.1 21.5 9.01 34 >149
Fe-T °© 16400 23700 11700 25300 38400 33000 *
Hg-T " <0.056 <0.071 <0.035 <0.051 <0.027 0.12 >1.06
K-T °© <2620 <2610 <1140 <2490 <1130 11000 *
Mg-T °© 111000 36200 17300 26800 8880 35000 *
Mn-T °© 610 659 372 966 1630 780 *
Na-T * <6560 <6510 <2850 <6230 <2820 * *
Ni-T °™ 16.9 21.6 11.8 225 12.2 42 >48.6
Pb-T“V 12.0 22.1 15.9 223 25.7 47 >128
Se-T o <2.62 <2.61 <1.14 <2.49 <1.13 2.3 *
Sr-T o 339 214 83 301 337 390 *
Zn-ToM 56.5 104 209 101 56 160 >459
NH3-N P 82 130 L 160 L 82 16 * 100
TOC(%) " 49 49 3.7 46 3.6 8 10.0%
pH (SU) * 8.2 7.8 7.9 7.8 7.7 * *
P-T% 439 1580 1160 2990 A 8980 A * 2000
%FGM° 22\ 100 33 100 21\ 30.0% =
N Below the goal of 30% Fine Grain Material in sample
%FGM Percent Fine Grain Material in sediment sample (<60 micron or >30 seconds settling time)
NA Compound not analyzed. * Not evaluated
° Evaluated by Ohio EPA (2003) ™ Evaluated by MacDonald (2000) " Evaluated by Persuad (1993)
? Detection limit is greater than guideline

Ohio Sediment Reference Values (SRV) Guidelines (2003)

+ above reference value for ecoregion

Ontario Sediment Guidelines (Persuad 1993)

L > Open Water Disposal Guidelines; equivalent to the Lowest Effect Level (LEL)-applicable to NHz-N only.
A > severe effect level (disturbance in benthic community can be expected)-applicable to Total Phosphorus

MacDonald (2000) Sediment Quality Guidelines (SQG)

m > PEC (Probable effect concentration ) -- Adverse effects usually or always occur
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Concentrations of organic compounds (priority pollutant scan) detected in stream sediments

in the Great Miami River (Lower) watershed and tributaries (WAU 05080001) in 2010.
Individual compounds were evaluated by the MacDonald (2000) Sediment Quality
Guidelines (SQG) and Ecological Screening Levels (USEPA Region V 2003).

Table 18. Sediment organics.

Stream / River mile Analysis Compound Detected Result
Location Performed P mg/kg unless noted
Great Miami River RM 78.85 1) BNA Benzo(a) anthracene 145w
Stewart St. Benzo[a]pyrene 192 m
—Ero Benzo[b]fluoranthene 2.32 +
;ﬁg G?é?n/oMaterial = 100% Benzo[g,h,iJperylene 1.50 +
Benzo[k]fluoranthene 1.80 #
Chrysene 250 m
Fluoranthene 428 m
Indeno[1,2,3-cd]pyrene 1.37#
Phenanthrene 194 m
Pyrene 373 m
Total PAH 22.81
2) Pesticides BRL
3) PCBs BRL
4)VOC BRL
Great Miami River RM 77.24 1) BNA Benzo(a) anthracene 1.98m
Broadway/Dryden Rd. Benzo[a]pyrene 2.39m
TOC= 5.2% Benzo[b]flgoranthene 2.59+
Fine Gréin Material = 34% Benzo[g,h.iJperylene 1.53#
Benzo[k]fluoranthene 2.02#
Chrysene 2.70m
Fluoranthene 4.76m
Indenol[1,2,3-cd]pyrene 1.41#
Phenanthrene 2.52m
Pyrene 4.38m
Total PAH 26.28
2) Pesticides Gamma-chlordane 10.1 pg/kg #
3) PCBs PCB-1242 160 pg/kg
PCB-1260 74.2 ug/kg
Total PCB 234.2 pg/kg #
4)VOC BRL
Great Miami River RM 75.7 1) BNA Benzo(a) anthracene 1.14m
Dst. Dayton WWTP Benzol[a]pyrene 1.01#
TOC=4.2% Benzo[b]fluoranthene 1.06+
Fine Grain Material = 25% Benzolk]fluoranthene 0.74#
Chrysene 1.22#
Fluoranthene 2.80m
Phenanthrene 1.64m
Pyrene 2.25m
Total PAH 11.86 #
2) Pesticides BRL
3) PCBs PCB-1242 41.8 pg/kg+
4)VOC BRL
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Table 18. Sediment organics.
Stream / River mile Analysis Result
Location Performed e PEEse mg/kg unless noted
°Great Miami River RM 72.4 1) BNA Pyrene 1.54m
Ust. Appleton Paper Fluoranthene 1.87#
TOC=6.9% Total PAH 3.41
Fine Grain Material = 46%
2) Pesticides 3&4 Methylphenol 7.33 pg/kg#
3) PCBs Hexachlorobenzene 30.5 pg/kg#
PCB-1242 125 pg/kg#
4)VoC ;E::
5)SAS305-310
Great Miami River RM 71.7 1) BNA Benzo(a) anthracene 1.95m
TOC= 7.9% Benzo[b]fluoranthene 2.09#
Fine Gréin Material = 5% Benzo[g,h.iJperylene 1.55+
Benzo[k]fluoranthene 1.91#
Chrysene 2.35m
Fluoranthene 5.35m
Indeno[1,2,3-cd]pyrene 1.43#
Phenanthrene 3.71m
Pyrene 4.15m
Total PAH 26.75
2) Pesticides BRL
3) PCBs PCB-1242 58.6 pg/kg+
4)VOC BRL
5)SAS305-310 BRL
Great Miami River RM 69.9 1) BNA Fluoranthene 0.69#
Farmersville-W.Carrollton Rd 2) Pesticides | Pyrene 0.58#
TOC=95 3) PCBs PCB-1242 49.8 ug/kg+
Fine Grain Material = 7% 4) vOC BRL BRL
5)5AS305-310 | P-SecBull
1,1 diphenylmethane 0.063*
Great Miami River RM 69.3 1) BNA Pyrene 0.55#
TOC= 6.5% 3) PCBs PCB-1242 205 pg/kg#
Fine Grain Material = 16% 4) vOC BRL
Great Miami River RM 68.7 1) BNA Benzol[a]pyrene 0.82#
Dst. W. Carrollton WWTP Benzo[b]fluoranthene 0.92+
TOC= 4.5% Benzo[k]fluoranthene 0.77#
Fine Grain Material = 43% Chrysene 0.88#
Fluoranthene 1.60#
Phenanthrene 0.71#
Pyrene 1.34+
Total PAH 7.04
2) Pesticides Gamma-chlordane 11.4 pg/kg#
3) PCBs PCB-1242 126 ug/kg
PCB-1260 48.1 ug/kg
Total PCB 174.1 pg/kg#
4)VOC BRL
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Table 18. Sediment organics.
Stream / River mile Analysis Result
Location Performed e PEEse mg/kg unless noted
Great Miami River RM 66.9 1) BNA Benzo(a) anthracene 1.13'm
Linden Ave. Benzo[a]pyrene 1.36#
_ o Benzo[b]fluoranthene 1.67+
lgg G?é?n {;,/Iaterial = 43% Benzolg,h.iJperylene 1.01#
Benzo[k]fluoranthene 1.08#
Chrysene 1.71m
Fluoranthene 3.34m
Indeno[1,2,3-cd]pyrene 0.92#
Phenanthrene 1.35m
Pyrene 2.66m
Total PAH 16.23
2) Pesticides BRL
3) PCBs PCB-1242 96.2 pg/kg
PCB-1260 34.5 uglkg
4)VOC Total PCB 130.7 pg/kgtt
BRL
Great Miami River RM 64.8 1) BNA Benzo(a) anthracene 1.25m
Chautauqua Rd. genzo{ﬁ}ﬁyre”eth ]gg'
— E a0 enzo[blfluoranthene .68++
lgg G?éi3n/oMateriaI = 32% Benzo[g,h.iJperylene 1.05%#
Benzo[k]fluoranthene 1.168##
Chrysene 1.71m
Fluoranthene 3.33m
Indeno[1,2,3-cd]pyrene 0.944##
Phenanthrene 1.52m
Pyrene 2.77m
Total PAH 16.87
2) Pesticides Gamma-chlordane 8.3 pg/kg#
3) PCBs PCB-1242 280 pg/kg#
4)VOC BRL
Great Miami River RM 60.58 1) BNA Benzol[a]pyrene 0.54#
SR 123 Benzo[blfluoranthene 0.54+
440 Chrysene 0.56#
lgg Gfé:n/oMaterial =7% Fluoranthene 1.14%
Phenanthrene 0.53#
Pyrene 0.90#
Total PAH 4.21
2) Pesticides BRL
3) PCBs PCB-1242 89.1 pug/kg#
4)VOC BRL
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Table 18. Sediment organics.
Stream / River mile Analysis Result
Location Performed e PEEse mg/kg unless noted
Great Miami River RM 59.1 1) BNA Benzo(a) anthracene 1.35#
Dst. Franklin WWTP, Benzol[a]pyrene 1.54m
Ust Clear Ck Benzo[b]fluoranthene 1.62+
' Benzol[g,h,i]perylene 1.02#
TOC= 6.4% Benzo[k]fluoranthene 1.33#
Fine Grain Material = 27% Chrysene 1.67m
Fluoranthene 3.01m
Indeno[1,2,3-cd]pyrene 0.95#
Phenanthrene 1.38m
Pyrene 2.58m
Total PAH 16.45
2) Pesticides Gamma-chlordane 57.6 pg/kgm
3) PCBs PCB-1242 456 pg/kg
PCB-1260 246 pg/kg
Total PCB 702 pug/kgm
4)VOC BRL
Great Miami River RM 52.64 1) BNA Benzo[b]fluoranthene 0.79+
Central Ave.(SR 122) glhryser;ﬁ ?-giz
— 4 Eo uoranthene .
lgg Gféisn/oMaterial =18% Phenanthrene 0.92#
Pyrene 1.45#
Total PAH 5.86
2) Pesticides BRL
3) PCBs PCB-1242 117 pg/kg#
4)VOC BRL
Great Miami River RM 51.6 1) BNA BRL
Dst. New Middletown Dam 2) Pesticides BRL
TOC= 4.4% 2; \Ijglés PCB-1242 EZRE Mg/kg+
Fine Grain Material =9%
Great Miami River RM 51.44 1) BNA BRL
Dst. Verity Relief Overflow 2) Pesticides BRL
_ 3) PCBs PCB-1242 44.5 pg/kg+
Toc= 3.1 4)VOC BRL
Fine Grain Material = 7%
Great Miami River RM 51.24 1) BNA Acenaphthene 0.68#
Dst. AK Steel 011 Benzo(a) anthracene 1.23m
th Benzol[a]pyrene 1.18#
ust 157 Ave CSO Benzo[b]fluoranthene 1.06+
T_OC= 4.1 % . Benzo[g,h,i]perylene 0.65#
Fine Grain Material =12% Benzo[k]fluoranthene 0.84#
Chrysene 1.07#
Fluoranthene 2.54m
Fluorene 0.66m
Indeno[1,2,3-cd]pyrene 0.63#
Phenanthrene 2.85m
Pyrene 2.13m
Total PAH 15.52
2) Pesticides BRL
3) PCBs PCB-1242 49.4+
4)VOC BRL
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Table 18. Sediment organics.
Stream / River mile Analysis Result
Location Performed e PEEse mg/kg unless noted
Great Miami River RM 49.1 1) BNA Fluoranthene 1.11#
SR 73 Phenanthrene 0.60#
Pyrene 0.88#
Total PAH 2.59
TOC=36% 2) Pesticides BRL
Fine Grain Material =18% 3) PCBs PCB-1242 71.3 ug/Kg#
4)VOC BRL
Great Miami River RM 48.0 1) BNA BRL
0.3 mi ust Dicks Creek 2) Pesticides BRL
TOC= 5.4 % 2; Peps i
Fine Grain Material =35 %
Great Miami River RM 47.1 1) BNA Fluoranthene 0.99#
dst Dicks Creek Pyrene 0.79%
TOC=4.8% Total PAH 1.78
Fine Grain Material =34% 2) Pesticides | Gamma-chlordane 15.3 ug/Kg #
3) PCBs PCB-1242 425 ug/Kg
PCB-1260 88.2 ug/Kg
Total PCB 513.2 ug/Kg #
4)VOC BRL
Great Miami River RM 45.3 1) BNA Bis(2-Ethylhexyl)phthalate | 2.86 #
Dst. Lesourdsville WWTP 2) Pesticides BRL
s o
Fine Grain Material =26%
“Great Miami River RM 43.23 | 1) BNA BRL
Liberty-Fairfield Rd. 2) Pesticides BRL
TOC=3.3% 3) PCBs PCB-1242 48.8 ug/Kg +
Fine Grain Material =12% 4)VOC BRL
Great Miami River RM 34.52 1) BNA Fluoranthene 0.98 #
Dst. Hamilton Dam 'Ty:eT:AH 2;; #
_ o ota .
Fine Grain Material =6% 2) Pesticides s
3) PCBs PCB-1242 42.9 ug/Kg +
4)VOC BRL
Great Miami River RM 33.85 1) BNA Benzo(a) anthracene 1.39m
Dst Hamilton WWTP. genzomﬁyreneth ]%g#
_ o enzo[b]fluoranthene A3+
lgg G?éi7n {;,/Iaterial =13% Benzolg,h.iJperylene 0.90#
Benzo[k]fluoranthene 1.02#
Chrysene 1.50m
Fluoranthene 3.24m
Indeno[1,2,3-cd]pyrene 0.76#
Phenanthrene 1.87m
Pyrene 2.68m
Total PAH 15.78
2) Pesticides BRL
3) PCBs PCB-1242 81.2 ug/Kg
PCB-1260 47.7 ug/Kg
Total PCB 128.9 ug/Kg#
4)VOC BRL
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Table 18. Sediment organics.
Stream / River mile Analysis Result
Location Performed Cerpetind [BDeEeEe mg/kg unless noted
Great Miami River RM 31.2 1) BNA Benzo(a) anthracene 0.75#
Dst. Fairfield WWTP genzomﬁyreneth 8-%#
_ o enzo[blfluoranthene .76+
lgg Gféizn {;,/Iaterial =13% Benzo[g,h.iJperylene 0.56 #
Benzo[k]fluoranthene 0.56 #
Chrysene 0.84#
Fluoranthene 2.03#
Phenanthrene 1.32m
Pyrene 1.62m
Total PAH 9.21
2) Pesticides BRL
3) PCBs PCB-1242 59.7 ug/Kg+
4)VOC BRL
Great Miami River RM 26.1 1) BNA Benzo(a) anthracene 0.74#
SR 126 Benzo[a]pyrene 0.76#
_ o Benzo[b]fluoranthene 0.65+
;gg G?é?n {;,/Iaterial =26% Benzo[k]fluoranthene 0.69#
Chrysene 0.82#
Fluoranthene 1.72#
Phenanthrene 1.05#
Pyrene 1.44%
Total PAH 9.21
2) Pesticides Gamma-chlordane 8.1 ug/Kg #
3) PCBs PCB-1242 94.8 ug/Kg
PCB-1260 48.3 ug/Kg
Total PCB 143.1 ug/Kgm
4)VOC BRL
Great Miami River RM 19.6 1) BNA BRL
Dst. Paddys Run 2) Pesticides BRL
s ot
Fine Grain Material =20%
Great Miami River RM 15.49 1) BNA BRL
Harrison Rd. 2) Pesticides BRL
s ot
Fine Grain Material =26%
Great Miami River RM 15.49 1) BNA BRL
Dst Taylor Ck / Taylor Ck WWTP | 2) Pesticides | 4,4-DDT 17.2 ug/Kg#
1 a0 3) PCBs PCB-1242 38.6 ug/Kg+
TOC= 4.8% 4)VOC BRL
Fine Grain Material =21%
Great Miami River RM 8.2 1) BNA BRL
Dst US 50 2) Pesticides BRL
TOC= 3.4% 2; \P/glés PCB-1242 EAE{E ug/Kg+
Fine Grain Material =11%
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Table 18. Sediment organics.
Stream / River mile Analysis Result
Location Performed e PEEse mg/kg unless noted
Wolf Creek RM 14.14 1) BNA Benzo[b]fluoranthene 0.64+
Dst Brookville WWTP/Airhill Rd. Fluoranthene 1.12#
TOC= 4.3% Pyrene 0.89#
Fine Grain Material =13% Total PAH 2.65
2) Pesticides BRL
3) PCBs BRL
4)VOC BRL
Wolf Creek RM 2.49 1) BNA Benzo(a) anthracene 0.67#
Wesleyan Nature Center Benzo[a]pyrene 0.76#
TOC= 3.5% Benzo[b]fluoranthene 0.86+
Fine Gréin Material =8% Benzo[k]fluoranthene 0.60#
Chrysene 0.91#
Fluoranthene 1.99#
Phenanthrene 1.10#
Pyrene 1.58m
Total PAH 8.47
2) Pesticides BRL
3) PCBs BRL
4)VOC BRL
Holes Creek RM 18.7 1) BNA Benzo(a) anthracene 0.75#
Mad River Road Benzolelpyrene 1.09¢
_ aro enzo[b]fluoranthene .30+
lﬁg G?éisn/oMateriaI =8% Benzo[g,h,iJperylene 0.87#
Benzo[k]fluoranthene 0.74#
Chrysene 1.15#
Fluoranthene 2.29m
Indenol[1,2,3-cd]pyrene 0.77#
Phenanthrene 1.04#
Pyrene 1.82m
Total PAH 11.82
2) Pesticides BRL
3) PCBs BRL
4)VOC BRL
Owl Creek RM 0.2 1) BNA Benzo(a) anthracene 1.54m
Dst. Central Ave. genzo{ﬁ}ﬁyre”eth ]g;'
a0 enzo[b]fluoranthene .98+
lgg G?éizn/oMaterial =20% Benzolg,h,]perylene 1.21#
Benzo[k]fluoranthene 1.55#
Chrysene 1.98m
Fluoranthene 3.89m
Indeno[1,2,3-cd]pyrene 1.16#
Phenanthrene 214m
Pyrene 3.12m
Total PAH 20.48
2) Pesticides BRL
3) PCBs PCB-1242 66.2 ug/Kg#
4)VOC BRL
Opossum Creek RM 1.4 1) BNA BRL
Pinnacle Rd. 2) Pesticides BRL
TOC= 5.3% 2; e i
Fine Grain Material =24%
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Table 18. Sediment organics.
Stream / River mile Analysis Result
Location Performed Cerpetind [BDeEeEe mg/kg unless noted
Bear Creek RM 0.24 1) BNA BRL
Miamisburg Soldiers Home Road gg llzgsEt’lmdes EE::
s
—_ 0,
Toc=49% 4) VOC BRL
Fine Grain Material =22%
Clear Creek RM 0.77 1) BNA BRL
s ot
Fine Grain Material =10%
Elk Creek RM 1.49 1) BNA BRL
3) PCBs BRL
TOC=4.9%
Fine Grain Material =100% 4)VoC Acetone 0117+
Dicks Creek RM 0.93 1) BNA Fluoranthene 0.60 +
Middletown@Main St (Excello) 2) Pesticides | Gamma-chlordane 36.9 ug/Kgm
TOC= 3.7% 3) PCBs PCB-1242 1420 ug/Kg
Fine Grain Material =33% PCB-1260 443 ug/kg
Total PCB 1863 ug/Kgm
4)VOC BRL
Gregory Creek RM 0.98 1) BNA BRL
Lesourdsville West Chester Rd. | 2) Pesticides BRL
3bss ot
Fine Grain Material =100%
Taylor Creek RM 0.82 1) BNA Benzo(a) anthracene 1.03#
Wesselman Road Benzo[a]]t:)yrene 1.04#
_ Benzo[b]fluoranthene 0.92+
TOC= 3.6% .
Fine Grain (I,\/Iaterial =31% Benzo[g,h,perylene 0.68#
Benzo[k]fluoranthene 0.88#
Chrysene 1.12#
Fluoranthene 2.65m
Indeno[1,2,3-cd]pyrene 0.63#
Phenanthrene 1.38m
Pyrene 2.08m
Total PAH 12.41
2) Pesticides BRL
3) PCBs PCB-1260 28.7 ug/Kg+
4)VOC BRL

* Not evaluated
BRL Below Reporting Limit
TOC Total Organic Carbon

1) Base Neutral & Acid Extractables (BNA)
2) Pesticides
3) Polychlorinated biphenyls (PCBs)

U.S. EPA Method 8270

U.S. EPA Methods 8082A

U.S. EPA Method 8082A

Percent Fine Grain Material in sediment sample (<60 micron or >30 seconds settling time)

MacDonald (2000) Sediment Quality Guidelines (SQG)

m > PEC (Probable effect concentration) Adverse effects usually or always occur (most contaminated designation)

USEPA Region V RCRA Ecological Screening Levels (ESL) 2003
# >ESL not protective

+ < ESL Protective
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The October 2010, State of Ohio Sport Fishing Tissue Consumption Advisory Program advisory
limits are used to evaluate fish tissue. The use of advisory limits (i.e. one meal per week) in this
section is meant to be used as a benchmark to judge the level of contamination present in fish
tissue. This is not meant to be used as official fish consumption advisory. The average value per
species at each sampling location is presented in the tables. The State of Ohio Sport Fishing
Tissue Consumption Advisory Program recommends that environmental assessment studies
include the analysis of at least one sediment sample per fish tissue sampling location. The link
between sediment contamination and fish tissue contamination is presented in this chapter. Fish
tissue and sediment sites were evaluated at 21 of 29 main stem sediment sites. Many of the
chemicals monitored in sediment and fish tissue are legacy compounds that are now banned from
use.

The State of Ohio Sport Fishing Tissue Consumption Advisory has revised the state fish
consumption advice for the Great Miami River in 2011 as follows:

* one meal per month advisories for:

- the area downstream from Indian Lake to Lowhead Dam at Monument Avenue in Dayton, for
common carp, channel catfish and flathead catfish due to PCBs, and for largemouth bass,
smallmouth bass, and white bass due to mercury;

- Lowhead Dam at Monument Avenue in Dayton to State Route 73 near Middletown for
common carp, channel catfish, and flathead catfish due to PCBs, and largemouth bass,
smallmouth bass, and white bass due to mercury; and

- State Route 73 near Middletown to Harrison Pike in Miamitown advisory for channel catfish,
common carp, flathead catfish, freshwater drum, saugeye, and smallmouth buffalo

* one meal every two months advisory for:

-the entire Great Miami River for hybrid striped bass due to PCBs and lead.

Eight sites on the main stem had fish tissue samples collected in 1993 and during the survey in
2009 and 2010. Fish tissue PCB levels were not significantly different when evaluated by the
fish advisory category, with overall PCB levels slightly higher in 1993. Fish tissue mercury
levels when compared by fish advisory category were not much different in either year.

Polychlorinated Biphenyls (PCB) evaluated in fish tissue:

PCBs are a mixture chlorinated biphenyls. In all there are 209 different PCB configurations. The
nomenclature developed by the Monsanto Corporation is commonly used to classify PCBs today.
There are seven major PCB categories analyzed in fish tissue:

PCB 1260 (12 refers to the 12 carbon atoms in biphenyl) 60 refers to the percent chlorine in the
mixture)

PCB 1254

PCB 1248

PCB 1242

PCB 1232

PCB 1221

PCB 1016/1242 (this bi phenyl is the exception it has 42% chlorine)

Only PCB 1260, PCB 1254 and PCB 1242 were detected in fish tissue on the Great Miami River
(lower). These three PCBs are used to calculate total PCBs.
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Five metals evaluated in fish tissue:

Mercury as methyl mercury is present at all sites in all fish at levels above “unrestricted “ but
below “do not eat.”

Cadmium found only in Carp at 26% (6/23) of sites all in “unrestricted” use (< 500ug/kg)

Lead found in 52% (12/23) of sites in the “unrestricted” and “one meal per week” category in
carp, crappie, small mouthed bass, flathead catfish, saugerXwalleye, and white bass.

Selenium found in all fish at all sites at unrestricted levels (<2500 ug/kg).

Arsenic detected in 96% (22/23) sites in the “unrestricted” and “one meal per week” category in
all fish except crappie.

Twenty one pesticides evaluated in fish tissue:

Aldrin

Dieldrin

Endrin and Endrin aldehyde

Chlordane

BHCs (hexachloro cyclohexane isomers) (a, b, d,)

Lindane (y-BHC)

DDTs (DDD, DDE, DDT)

Endosulfan I and Endosulfan II

Endosulfan sulfate

Methoxychlor

Heptachlor

Hexachlorobenzene

Mirex

All pesticides were found to be below the detection limit for all fish at all sites with the exception
of DDTs (all were DDE detections a breakdown byproduct of DDT) and Dieldrin (all detections
were in the “unrestricted” category). Only total DDTs were evaluated at each site.

Commonly detected sediment compounds
PCB (Polychlorinated biphenyls)
Polychlorinated biphenyls are legacy compounds detected in the Great Miami River sediment
and fish tissue. PCBs were put into many every day products from plastics, carbonless paper,
florescent light ballasts, and oils used as coolant fluids in transformers, steel rolling mills and
capacitors. In 1979 PCB production was banned in the United States but its environmental
presence remains.

The main stem of the lower Great Miami River had 83% (24/29) sediment sample locations with
PCB contamination. Thirteen per cent (3/24) of PCB contamination sites had total PCB
concentrations over the MacDonald Probable Effect Concentration (PEC), adverse effects
usually occur in benthic organisms. This designation signifies the highest level of contamination.
Thirty eight percent (9/24) of PCB contaminated sites had concentrations over the USEPA
Ecological Screening Level (ESL) protective benchmark. This designation reflects a lower level
of contamination when evaluated against the MacDonald PEC.
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There are numerous historic source areas of PCB still influencing the main stem. Historically,
any WWTP with an industrial influent had a potential PCB discharge to the river in the form of
suspended solids discharge in the effluent. The Dayton WWTP had large sludge lagoons that
contained PCBs from the effluent of a huge industrial power base that was in Dayton prior to
1980. Today the Dayton WWTP does not discharge PCBs in their effluent or suspended solids.

Abandoned manufacturing facilities can have a PCB component in their stormwater runoft. The
demolished Fraiser Paper facility in West Carrollton discharged PCB 1242 from their effluent to
Owl Creek. PCB 1242 is still found in the sediment downstream from this facility.

The fish tissue PCB samples reflect some hot spots that may be experiencing ongoing
discharges. Metal and transformer recycling operations can still have residual PCB
contamination from past and present oil content discharged onto the ground and entering the
Great Miami River during storm events.

The Dayton Tire and Rubber facility located about RM 1.2 on Wolf Creek was abandoned in
1980. By 1987 vandals had destroyed PCB laden transformers allowing 1600 gallons of PCB oil
to enter Wolf Creek and into the Great Miami River. Although USEPA conducted an emergency
removal in 1988, the remnants of this spill can still be seen in the sediment and fish of the Great
Miami River downstream from Wolf Creek. (RM 80.25)

Appleton Paper

The NCR Corporation developed a carbonless paper in 1954 that used PCBs in its
microencapsulation technology. Appleton papers became a division of NCR to manufacture
NCR Paper brand of carbonless paper. In 1984 Appleton paper purchased the West Carrollton
mill which had been de-inking and recycling NCR carbonless paper through the early 1970s. In
an Appleton U.S. Securities and Exchange report for 2011, Appleton stated that there is PCB
contamination in the soil and groundwater in the area of the Appleton Paper West Carrollton
wastewater treatment facility and impoundment. No remedial action had been undertaken and
Appleton was under no obligation to take remedial action because Appleton has not been
contacted by any state, local or Federal agencies regarding remediation at the West Carrollton
Mill. Appleton believed that removal and disposal of PCB contaminated sediment in the Great
Miami River could be expected.

After PCBs were banned in carbonless paper in 1979, a non-chlorinated diphenyl mixture was
used as a PCB replacement. This class of compounds was called SAS 305 (4 different isopropyl
diphenyl methanes) and SAS 310 (9 different Butyl diphenyl methanes). This class of
compounds was also found to be toxic and persistent in the environment. The use of SAS-310
has been phased out but SAS-305 is still in use. Neither compound was banned from use. SAS
305 and 310 are still found in sediment samples downstream from the Appleton paper outfall. In
2001 sediment samples taken at RM 77.8 downstream from the Appleton outfall, detected SAS
305 at 65.4 mg/kg and SAS-310 at 35.1 mg/kg. No fish tissue samples were analyzed for SAS
305 or 310 in 2010. SAS 305 was detected at one site GMR RM 69.9 in 2010 at 0.063 mg/kg.
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Systech Franklin Waste Treatment Center

Systech Franklin Waste Treatment Center located on the corner of Baxter and Highway 73 in
Franklin was constructed in 1975 to treat liquid industrial wastes. The Systech waste treatment
center was constructed by modifying the abandoned Franklin Sewage treatment plant and was
used in conjunction with the City of Franklin Solid waste and fiber recovery plant. The Miami
Conservancy District Franklin area wastewater treatment plant was constructed in 1971 and was
used in conjunction with the Systech facility. The solvent recovery process was operated
between May of 1976 to August of 1978. In all 31,387,000 gallons of liquid wastes were treated
at this facility. Spent solvents comprised 694,200 gallons of the total volume.

A Preliminary Environmental sampling study was conducted by Soil and Materials Engineers for
the USEPA Superfund program in 1986. The Systech facility did not score high enough to be
listed on the National Priorities List (NPL) but contamination was documented. PCB, as
Arochlor 1248, was found in groundwater at concentration of 69 pg/l (ppb) from well #132
during sampling on March 7, 1986.

AK Steel Middletown Works

AK Steel is under a consent decree to perform a Resource Conservation and Recovery Act
(RCRA) Corrective Action at the Middletown facility. As a result of investigations involving the
Consent Decree, 43 Solid Waste Management Units (SWMU), 22 Areas of Concern (AOC) and
2 Hazardous Waste Management units have been identified and are being remediated.

Major PCB related source areas are from SWMU 47 (former oil separator ponds mixed with coal
tar decanter sludge) and the PCB lagoons. During heavy rain events PCB containing oils from
SWMU 47 overflowed into Monroe Ditch which drains to Dicks Creek (RM 2.65). A definite
layer of shiny black sludge/slag containing oily PCB contamination can be found across the
flood plain and in sediments of Monroe Ditch and Dicks Creek. The highest PCB sediment
contamination (1863 pg/kg) documented in the Great Miami River (lower) basin was found at
Dicks Creek RM 0.93 in Excello. This was over the MacDonald Probable Effect Concentration
(PEC), adverse effects usually occur in benthic organisms. Remediation of Monroe Ditch and
Dicks Creek are ongoing. PCB Clean up goals for the AK Steel remediation are 2000 pg /kg in
sediments and 5000 pg/kg in flood plain soils. No plans have been made to investigate
contamination in the Great Miami River (RM 47.61).

PCB Fish Tissue Contamination on the Main stem of the Great Miami River

PCBs in fish tissue are presented by species (Table 19). Values for each species were averaged
together at each sampling location and those values compared to fish advisory numbers. PCB
congeners below detection limit were given a value of '% the detection limit prior to averaging.
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Table 19. PCB concentrations in fish tissue samples collected from the Great Miami River.

Frequency distribution of sites classified by Advisory
Class based on average PCB concentraitons detected
in tissue samples
Fish species | # fish Sites Un- 1 meal per | 1 meal 6 meals | Do not
collected | evaluated | restricted | week per month per year | eat
<0.050 <0.22 mg/kg <1.0 mg/kg <1.9mg/kg | >1.99
mg/kg mg/kg
Common 92 23 0 6 (26%) 15(65%) 1(4%) |1(4%)
Carp
Channel 98 20 2 (10%) 13(65%) | 4 (20%) 1(5%) |0
Caffish
Flathead 40 19 4 (21%) | 5(26%) 7 (37%) 3(16%) | 0
Caffish
Largemouth | 3 2 1 1 0 0 0
Bass
Smallmouth | 33 16 12 (75%) | 4 (25%) | O 0 0
Bass
Sauger X 9 6 2 (33%) | 3 (50%) 1 (17%) 0 0
Walleye
Freshwater | 35 7 3(43%) |4(57%) |0 0 0
Drum
Rock Bass 13 4 4 (100%) | O 0 0 0
PAHs

Polycyclic Aromatic Hydrocarbons (PAH) are the most common organic compounds found in
sediments in the Great Miami River. PAHs represent a large class of suspected carcinogens that
are freely discharged into the environment. Miles of PAH laden bitumen act as a binder in
asphalt roads. Coal tar emulsion based sealers consisting of 50% PAH compounds, (that would
otherwise be classified as a hazardous waste (KOS87) is routinely applied to driveways and
parking lots as a topical coating in the watershed. The internal combustion engines of cars and
trucks release PAHs into the air as incomplete combustion by products. Engines leak crankcase
oil containing PAHs. Atmospheric deposition of PAHs from home heating fires and coal power
plants also are large contributors. These PAH sources make their way into stormwater draining
into the Great Miami River.

Ten characteristic PAHs were routinely documented in sediments of the Great Miami River.

Benzo (a) anthracene Benzo (k) fluoranthene

Benzo (a) pyrene, Benzo (g, h, 1) perylene
Benzo (b) fluoranthene, Indeno [1, 2, 3-cd] pyrene
Floranthene Chrysene

Phenanthene Pyrene

Sixty-nine percent of the sample locations on the main stem of the Great Miami River had PAH
contamination from one or more of the characteristic PAHs. All ten characteristic PAH
compounds were detected in 40% (8/20) of PAH contaminated sites. Fifty-five percent (11/20)
of PAH contamination sites had 1 or more PAH compounds determined to be over the
MacDonald Probable Effect Concentration (PEC), adverse effects usually occur in benthic
organisms at these levels.
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The 11 tributary sites of the Great Miami River had 54.5% (6/11) sample locations with PAH
contamination from one or more of the fingerprint PAHs. All ten characteristic PAH compounds
were detected in 50% (3/6) of PAH contaminated sites. Sixty-seven percent (4/6) of PAH
contaminated sites had one or more PAH compounds determined to be over the MacDonald
Probable Effect Concentration (PEC), adverse effects usually occur in benthic organisms. No
PAH compounds were analyzed in fish tissue. PAH compounds can cause increased incidence of
tumors in fish but this was not evidenced in this survey.

DDT

DichloroDiphenylT richloroethane was banned from use in the United States in 1972. This
pesticide was used extensively in agriculture starting 1950 and peaked in use by 1959. DDT was
detected in one sediment sample in the Great Miami River (lower) basin at GMR RM 14.93
downstream Taylor Creek. The sediment DDT sample was detected at 17.2 pg /kg, which is
above the USEPA ESL protective benchmark.

At each site, each species fish tissue total DDT concentrations was averaged and compared to the
fish tissue advisory numbers for total DDTs. There are three types of DDTs, the parent
compound DDT and the degradation byproducts of dehalogenation (DDD and DDE). All DDT
categories were summed to get the total DDT value. Those DDT analytes below the detection
limit were given a value of half the detection limit. Only DDE was detected above the reporting
limit. All averaged fish tissue samples by species were in the unrestricted range (<500 pg/kg).

Table 20. DDT concentrations in fish tissue samples collected from the Great Miami River.

Frequency distribution of sites classified by Advisory Class based
on average DDT concentraitons detected in tissue samples
Detected Do Not
# fish Sites All Below but 1 meal per 1 meal Eat
Fish species Reporting | unrestricted P per
collected evaluated L week
limit (<500 month
ug/kg)
Common Carp 92 23 9 14
Channel
Catfish 98 20 13 7
Flathead
Catfish 40 19 7 12
Largemouth
Bass 3 2 2 0
Smgllmouth 33 16 16 0
ass
Sauger X
Walleye 9 6 5 !
Freshwater
Drum 35 7 7 0
Rock Bass 13 4 4 0
Chlordane

Chlordane was widely used as an insecticide in agriculture (corn and citrus) from 1948-1983. It
was banned as a termiticide in 1988. Chlordane is bioaccumulative and is toxic to fish. It was
detected in 6 of 29 main stem sediment sites and 1/11 tributary sites. Five of the main stem sites
were over the U.S. EPA ESL protective benchmark for chlordane (3.24 pg/kg). One main stem
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and one tributary site were over the MacDonald Probable Effect Concentration (PEC), adverse
effects usually occur in benthic organisms. Chlordane was not analyzed in fish tissue.

Dieldrin

Dieldrin is a persistent organic pollutant that bio accumulates in the environment. Dieldrin was
used alone as an insecticide but can also be the toxic oxidation byproduct of Aldrin (used as a

termiticide). Dieldrin was banned from use in the United States in 1974 and Aldrin was banned
from use in 1987. No dieldrin was detected in the sediments of the Great Miami River (lower)

Table 21. Dieldrin concentrations in fish tissue samples collected from the Great Miami River.

Dieldrin Fish Evaluation for all sites in the GMR (lower), All average fish Dieldrin samples were in
unrestricted use category (<500 pg/kg).

Fish species #collected Sites evaluated | Number of sites with | Number of sites with
tissue concentrations | tissue concentrations >
< Detection limit detection limit

(concentrations<500
Hg/kg)

Common Carp 92 23 16 7

Channel Catfish 98 20 15 5

Flathead Catfish 40 19 17 2

Largemouth Bass 3 2 2 0

Smallmouth Bass 33 16 16 0

Sauger X Walleye 9 6 6 0

Freshwater Drum 35 7 6 1

Rock Bass 13 4 4 0

Mercury

Mercury from coal burning power plant emissions is the major on-going source seen in the
environment today. Atmospheric mercury emissions are absorbed into rain water and fall to earth
ending up in aquifers and streams through stormwater runoff. Algal and benthic organism uptake
of mercury is biomagnified in the food chain.

Mercury was detected in the sediments of the Great Miami River in 8 of 29 (28%) sites. Fifty
percent (4) of the Mercury detections were above the Ohio Sediment Reference Value (SRV)
(120pg/kg), The SRV is considered the average value for this ecoregion, but coal burning power
plants are common in this region.

Mercury was detected in fish tissue at all sampling locations on the main stem. There were no

sites in the “do not eat” category, but no sites were in the unrestricted use category. Mercury in
fish tissue is present as methyl mercury.
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Table 22. Mercury concentrations in fish tissue samples collected from the Great Miami River.

Frequency distribution of sites classified by Advisory Class
based on average Hg concentraitons detected in tissue
samples.
Fish species | # fish Sites Unrestricted | 2 meals | 1 meal per | 1 meal Do not eat
collected | evaluated | <°*9/Kd per week | week per month | >999
<110 ug/kg | <220 uglkg | <999 ugikg | M9K9
Common 92 23 0 5 14 4 0
Carp
Channel 98 19 0 7 10 2 0
Caffish
Flathead 40 19 0 0 4 15 0
Caffish
Largemouth | 3 2 0 0 0 2 0
Bass
Smallmouth | 29 15 0 0 4 11 0
Bass
Sauger X 16 9 0 0 2 7 0
Walleye
Rock Bass 13 4 0 0 3 1 0
Arsenic

Arsenic is found in the bedrock of southwestern Ohio usually in conjunction with iron as pyrites.
The Ohio SRV (background level) of arsenic in sediment is 18 mg/ kg. Only 7% (2/29) of main
stem sites were above the Ohio SRV for sediment arsenic. Arsenic can become mobile in
reducing environments, but in oxygenated surface water, it falls out of solution and can travel in
water with suspended sediment. Red water discharges from drinking water facilities can have
arsenic associated with the iron discharge. Arsenic in the one meal per week level was found
mostly in carp and white bass, otherwise it was in the unrestricted range.

Table 23. Arsenic concentrations in fish tissue samples collected from the Great Miami River.

Frequency distribution of sites classified by Advisory Class
based on average As concentraitons detected in tissue
samples.

Fish species # fish Sites Unrestricted 1 meal per 1 meal 6 meals | Donoteat

collected | evaluated | <1°0Ho/Ka | week per month | per year | >°676ugkg
<656 ugkg | <999 ugikg | (<5676)

Common 92 23 15 8 0 0 0

Carp

Channel 98 19 19 0 0 0 0

Caffish

Flathead 40 19 19 0 0 0 0

Caffish

Largemouth | 3 2 2 0 0 0 0

Bass

Smallmouth | 29 15 14 1 0 0 0

Bass

Sauger X 16 9 9 0 0 0 0

Walleye

White Bass | 13 5 2 3 0 0 0
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Physical Habitat Quality for Aquatic Life

GMR Main stem

Aquatic life in the Great Miami River main stem is, in general, not limited by local physical
habitat quality, especially with respect to the fish community. Although the short reaches
impounded by the eight low-head dams scattered along the main stem (Figure 22) obviously
possess marginal habitat, the GMR has an ample supply of coarse bed material and plenty of
stream power to keep the material moving through the system, thereby overwhelming any
potential localized impacts typically associated with low-head dams (e.g., silting behind the
dams, and sediment starvation downstream from the dams). That said, the low-head dams may
be indirectly limiting by altering water quality, and clearly limit the distribution of fish and
mussel species (see Biological Assessment - Fish Communities).

Stream power and a ready supply of coarse bed material similarly ameliorate effects of negative
habitat attributes in the leveed and historically modified reach through Dayton (river miles 81 ~
72). Despite having collectively the worst habitat on a reach level for the main stem (Figure
22b), this reach is not immediately limiting to aquatic life, given that it is restricted in size
relative to its position in the catchment, and for the aforementioned hydrologic reasons. More
specifically, stream power and bed-load allow the formation of a defined thalweg, pool-riffle
sequences, and water willow-fringed point bars along the stream margin, albeit monotonously so.
Because the river is leveed, it lacks habitat attributes common to large rivers, notably side
channels, backwaters, oxbows, and large woody debris.

Downstream from Hamilton, the river is less confined by levees and is unencumbered by low-
head dams; consequently, it has comparatively more attributes typical of a river allowed to
access its flood plain. These attributes include woody debris in the wetted channel, back waters,
wide point bars, depositional areas, and deep outside bends (Table 24).

Tributaries

With only two exceptions, the tributaries sampled in the GMR possess habitat features capable of
supporting typical warmwater stream faunas (Figures 23 and 24). One of the two exceptions,
Wesselman Creek at river mile 3.0 (300951) is, in fact, a primary headwater stream supporting a
striking abundance of salamanders. The other exception, Wolf Creek at river mile 16.7
(HO9WS1), was previously channelized, and is a very small headwater stream (i.e., drainage area
3 - 8 mi®) with a relatively low gradient (~10 ft/mi). As such, it has limited stream power with
which to passively recover. Although other sites in various tributaries throughout the survey
either have marginal QHEI scores, or evidence of recent or historic anthropogenic modifications,
those sites typically have a ready supply of coarse till or alluvium, and either a high gradient, a
relatively large drainage area (i.e., > 10 mi%), sustained base-flow, or a combination of the three.
Consequently those streams are able to erode new channel features and readjust following
disturbance. On the western flank of the watershed, Elk Creek illustrates the point well. The
lower 4 mile reach of Elk Creek was apparently bulldozed straight several or more decades ago,
but because it flows through coarse glacial till and alluvial deposits, the channel has been re-
supplied with gravels and cobbles, and it has the power to work that material into channel
features. On the urbanized eastern flank of the watershed, where the habitat is modified
indirectly by stormwater, the combination of stream power and erodible bed material has allowed
the streams to readjust and maintain WWH features despite urbanization.
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Figure 22. a) QHEI scores along the run of the Great Miami River. The shaded region
corresponds to the range of QHEI scores generally considered capable of supporting typical
warmwater faunas. The box plot along the right hand side conveniently illustrates the
distribution of scores. The filled point is the mean QHEI score for the listed range of river miles
from the 2009 survey of the middle GMR. b) Number habitat attributes characteristic of
anthropogenic modifications along the run of the river.
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EAS/2012-5-7
Table 24. Matrix of habitat attributes and QHEI scores for sites sampled during the lower Great

Miami River survey, 2010.
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Table 24. Continued.
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Biological Assessment

GMR Main stem - Overview

Fish communities along the length of the lower Great Miami River main stem are reliably
classified by discriminant analysis into three groups based on water chemistry parameters and
position along the main stem (Figure 25 and Table 25). The three groups shown in Figure 25
were initially suggested by hierarchical clustering based on Bray-Curtis distances (Michie 1982).
Bray-Curtis (Bray and Curtis 1957) distance is essentially a measure of the proportional
differences in individual species abundance between two sites. The underlying community
structure was further evaluated with nonmetric multidimensional scaling (NMDS) using Bray-
Curtis distances. NMDS is an ordination technique that compares the "distance" between sites,
and seeks to find the most parsimonious dimensional representation (in a Cartesian sense) of the
underlying structure. NMDS is, therefore, useful for examining group memberships suggested
by clustering algorithms, and for how sites are related to each other against a backdrop of
environmental gradients (Figure 26).
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Figure 25. Plots of canonical scores from a discriminant function classifying group membership
(i.e., from hierarchical clustering) based on environmental variables. Environmental variables
contributing to group identity are listed along the respective axes.
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Figure 26. Fish community structure represented by nonmetric multidimensional scaling
(NMDS). Sampling points are identified by river mile, and group membership suggested by
hierarchical clustering. Environmental variables correlated with the respective axes are shown in
the overlay. The strength of correlation between a given variable and an axis is depicted by the
length of the line drawn to each variable (e.g., drainage area is strongly correlated with the
second axis). The minimum correlation coefficient for plotting an environmental variable was
0.45.

In comparing the results of the discriminant analysis with how the underlying community
structure given by NMDS relates to the environmental gradients, drainage area stands out as an
apparently important explanatory variable. Drainage area has an obvious relationship with fish
community structure; however, for the lower GMR, where species turnover due to drainage area
is expected to be rather subtle, one may suspect that it is serving as a proxy for other variables.
Indeed, membership in group 1 is easily explained by the Hamilton Recreation Dam (RM 34.65).
The GMR is free-flowing below the dam to the Ohio River, and all of the sites classed into group
1 are located downstream from the dam. Eleven large river species were collected only in this
reach (Table 26), clearly explaining the group formation. More generally, the restriction of fish
species by the dams, combined with comparatively uniform habitat in the leveed reach through
Dayton, was reflected in the evenness component of the Modified Index of Well-being (MIWb),
wherein, MIWDb scores ran counter to IBI scores, with MIWb scores being generally higher in the
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downstream reaches where species richness was higher, and lower in the upper reaches where
the fish community was dominated by several species, notably redhorse suckers, smallmouth
bass and spotfin shiners.

Table 25. Statistical properties of the linear function identified by discriminant analysis that
classifies group membership (i.e., from hierarchical clustering). F has its usual meaning
(variance ratio test); Factor! and Factor2 show the standardized function coefficients'; and
Tolerance is a measure of the amount of variance explained by the overall function that is unique
to the listed variable (e.g., drainage area, water temperature and alkalinity exhibit
multicollinearity).

F Factorl Factor2 Tolerance
Drainage Area 58.14 2.041 -0.538 0.20
Water Temp. 25.31 1.786 1.169 0.17
Alkalinity 23.03 2.222 0.366 0.14
pH 11.74 -1.295 -0.213 0.30
TKN 11.22 -1.222 0.246 0.33
TOC 6.23 0.151 -0.907 0.61
Sulfate 4.48 -0.203 -0.983 0.41

tStandardized coefficients can be interpreted as showing the relative contribution of a particular explanatory
variable to a given factor.

Table 26. Fish species and freshwater mussels collected only in the lower 34 miles of the Great
Miami River main stem.

Fish Species Mussel Species Utilizing Host

longnose gar

blue sucker

black buffalo

smallmouth buffalo

silver redhorse

silver chub

gravel chub

bullhead minnow

brook silverside

spotted bass

sauger fawnfoot, deertoe

slenderhead darter

freshwater drum fawnfoot, deertoe, pink heelsplitter,

fragile papershell
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That said, several water quality variables show a strong correlation with drainage area (Table
27). Sestonic chlorophyll, 5-day biochemical oxygen demand (BODS), total suspended solids
(TSS) and water temperature show a positive correlation, while ortho-phosphate and nitrate-
nitrite nitrogen (NOX) are negatively correlated. Sestonic chlorophyll (and, axiomatically, TSS)
is expected to increase with drainage area (Van Nieuwenhuyse and Jones 1996); however the
chlorophyll levels observed in the GMR are an order of magnitude higher than those reported by
Van Nieuwenhuyse and Jones (1996) from a data set (n=292) of large temperate rivers.
Coincidentally, the relative composition of omnivorous fishes increase down the run of the river
(Figure 28a), but not in lock-step with the relative composition of tolerant fishes (Figure 28b),
suggesting a general response to enrichment, rather than a specific response to organic
enrichment and attendant low dissolved oxygen, at least for the reach downstream from
Hamilton. Furthermore, the strong negative correlation of ortho-P and NOx with drainage area
(Table 27), suggests active uptake of nutrients by primary producers and other microbes, and not
necessarily dilution. Additionally, 24-hour swings in dissolved oxygen concentrations were
extraordinarily wide along the length of the main stem during July, and again in early September,
but particularly downstream from the Hamilton Recreation Dam (Figure 29). Wide swings in
dissolved oxygen concentrations are caused by a combination of daytime algal photosynthesis,
and nighttime respiration by the general microbial community. The swings observed in the
Great Miami River main stem during 2010 (Figure 29) were higher than any previous recorded
for large rivers (> 500 mi®) in Ohio, and clearly indicate excessive nutrient enrichment.
Dissolved oxygen swings greater than 5 mg/l were associated with impaired biological
communities in a study of large Minnesota rivers (Heiskary et al. 2010), and a similar association
for small rivers and streams (<500 mi®) was observed in Ohio (Miltner 2010). The
environmental gradient caused by nutrient enrichment was also apparent in the composition of
the macroinvertebrate community.

An ordination of sites based on macroinvertebrate community composition followed the same
general pattern as that for fish, with sites aligning along a gradient of drainage area, temperature,
dissolved oxygen, BODS, chlorophyll a, etc. (Figure 27). Drainage area is clearly an artifact of
association with other environmental variables in this context, given that macroinvertebrate
community composition in the wider Ohio EPA database shows little or no relationship with
drainage area beyond ~ 2000 mi>. The representation for macroinvertebrates was less discrete
than that for the fish for two reasons; first, macroinvertebrates are not constrained by dams, and

Table 27. Pearson correlation matrix of water quality variables and drainage area.

BODS5  Water Temp. NOx TSS  Chlorophyll Ortho-P
Water Temp. 0.59644
NOx -0.39864  -0.49734
TSS 0.72320 0.67189  -0.56531
Chlorophyll 0.93652 0.65682  -0.49009 0.86554
Ortho-P -0.31279  -0.64748 0.76793  -0.64486  -0.46540

Drainage Area 0.62485 0.81339  -0.78529 0.78460 0.73287  -0.76151
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second, presence-absence data were used in the macroinvertebrate community ordination rather
than the abundance data used in the fish ordination. That presence-absence data from one
community yielded the same general pattern as that for quantitative data from another
community, over the same environmental gradient, builds a strong circumstantial case for the
diagnosis of nutrient over-enrichment. Indeed, in looking at aggregate measures of community
performance against individual environmental parameters, BODS5 and chlorophyll rank among
the highest for strength of association with EPT richness and ICI scores (Table 28).
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Figure 27. Macroinvertebrate community structure represented by nonmetric multidimensional
scaling (NMDS). Sampling points are identified by river mile, and group membership suggested
by hierarchical clustering. Environmental variables correlated with the respective axes are
shown in the overlay. The strength of correlation between a given variable and an axis is
depicted by the length of the line drawn to each variable (e.g., drainage area is strongly
correlated with the second axis). The minimum correlation coefficient for plotting an
environmental variable was 0.50. The lone site in Group 4 was a mixing zone sample from the
AK Steel 011 outfall.
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Table 28. Correlations (Spearman rho) between environmental variables and number of EPT
taxa and ICI scores (or narrative equivalent) measured from the GMR main stem, 2010. Cells

with a Spearman rho > 0.5 are highlighted for quick visual reference.

Environmental

Variable EPT ICI

ZINC -0.53423 -0.52341
BOD5 -0.5704 -0.50651
CHL_A -0.52976 -0.48982
POTASSIUM -0.57268 -0.4698
AMMONIA -0.57966 -0.45654
TEMP -0.34142 -0.43907
NITRITE -0.51836 -0.42275
MANGANES -0.40109 -0.40626
IRON -0.3999 -0.39983
TSS -0.40881 -0.39467
LEAD -0.52048 -0.3761
TKN -0.48441 -0.35725
ORTHOP 0.20362 0.31856
ALUMINUM -0.31125 -0.31848
MAGNESIUM -0.21242 -0.30867
PH 0.18231 0.30716
ALKALINITY 0.41026 0.30405
CHLORIDE -0.28283 -0.29789
NITRATE 0.08434 0.28637
COPPER -0.27119 -0.28163
SULFATE -0.29174 -0.23958
TDS -0.23323 -0.23938
SP_COND -0.1524 -0.19845
DO 0.39844 0.18161
TP 0.17451 0.17799
CALCIUM 0.23963 0.13355
SODIUM -0.13892 -0.13034
DOSAT 0.34511 0.11517
QHEI -0.15006 -0.10529
CoD -0.09622 0.08462
HARDNESS 0.07664 -0.05207
TOC -0.07006 -0.01382
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Organic enrichment is another factor that apparently influenced fish and macroinvertebrate
community structure. Total organic carbon (TOC) was a significant explanatory variable for fish
community structure, predicting group formation in the discriminant function, and in correlating
with the first axis of the NMDS (Figure 26). Often, organic enrichment and nutrient enrichment
are two sides of the same coin. Organic matter from under- or untreated sewage is rich in
phosphorus and nitrogen, and those nutrients can be liberated during decomposition.

Conversely, excessive algal growth fueled by available nutrients can result in organic enrichment
as the algae senesce and decay; this side of the coin was clearly observed in the strong
correlation between BODS and chlorophyll a concentrations in the GMR main stem (Table 27),
and their negative associations with ICI scores and EPT taxa richness (Table 28). Organic
enrichment associated with sewage, however, typically has a more defined and localized impact
compared to nutrient enrichment, often dramatically so. Although egregious manifestations of
organic enrichment were not observed in the fish community, a localized impact was observed in
the reach downstream from the Middletown Dam (Figure 31), and a strong site-specific impact
was observed in the macroinvertebrate community in the AK Steel 011 mixing zone, where
concentrations of ammonia nitrogen, BODS, and lead were notably elevated (Figure 30).
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Figure 28. a) Percent of electrofishing catches composed of omnivorous fishes, and b) percent of
the catch represented by pollution tolerant fishes. Values greater than the dashed line in each
plot deviate significantly from the reference population.
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Figure 29. 24-hour range in dissolved oxygen concentrations (maximum observed minus
minimum observed) plotted by river mile for the Great Miami River main stem. Data are from
hourly measurements recorded over 48 hours by automated loggers deployed on 6 July 2010 and
on 7 September 2010. The shaded region of the plot bounds the 90™ percentile to maximum
recorded range in 24-hour swings for statewide rivers > 500 mi’ (n=56).
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Figure 30. Distributions of water
quality parameters measured in spot
samples collected from the GMR
main stem, 2010, plotted by groups
suggested by hierarchical clustering
of the macroinvertebrate
community: a) ammonia nitrogen, b)
lead, c) BODS5, and d) temperature.
Group 4 is represented by
macroinvertebrates collected from
the AK Steel 011 mixing zone.
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Linear Assessment - Upper Reach (River Miles 80 - 56)

Fish communities met the minimum standard for WWH, or were within the range of non-
significant departure at all sites except for the site located downstream from the DP&L Hutchins
Dam (RM 64.1) because redhorse suckers were not well represented in either sample, and nearly
absent from the site during the second pass (September 15, 2010). The absence of redhorse
suggests avoidance due to an episodic event. No causative pollutant was readily identifiable in
the water chemistry data collected in the vicinity; however, upper incipient lethal temperatures
for golden and shorthead redhorse are in the range of 28 - 33.5 °C (Reash et al. 2000). Median
temperatures recorded by automated temperature loggers deployed between July 7 and July 8,
2010 and again between September 7 and September 9, 2010 were 32.05 and 22.66 °C,
respectively, suggesting the redhorse may have been avoiding episodically high temperatures. A
similar pattern was evident in the macroinvertebrate community in relationship to the DP&L
Hutchings plant, with the ICI dipping into the range of non-significant departure immediately
downstream from the plant (Figure 32). Otherwise, longitudinal variation in ICI, IBI and MIWb
scores was unrelated to the location of individual major NPDES discharges. Note, however, that
MIWb scores were in the range of non-significant departure of WWH at 3 of 13 sites.
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Figure 31. a) Total organic carbon (TOC) by river mile for the GMR main stem, b) linear
association between TOC and fish IBI scores, and c) fish IBI scores by river mile for the GMR
main stem. LOWESS trend lines («=0.25) are fitted to the data points in a) and c).
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Figure 32. Longitudinal plots of'a) ICI and IBI scores and b) MIWD scores by river mile and in
relation to major NPDES facilities and low-head dams (noted by triangles) for sites sampled in
reach from Dayton to the confluence with Twin Creek, 2010. Points colored yellow are in the
nonsignificant departure range of the applicable WWH biocriterion, and red-colored points fail

the biocriterion.
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Figure 33. Longitudinal plots of a) ICI and IBI scores and b) MIWD scores by river mile and in
relation to major NPDES facilities and low-head dams (noted by triangles) for sites sampled in
reach from the confluence with Twin Creek to Liberty-Fairfield Road, 2010. Points colored
yellow are in the nonsignificant departure range of the applicable WWH biocriterion, and red-
colored points fail the biocriterion.
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Linear Assessment - Middle Reach (River Miles 56 - 40)

Fish communities failed to meet the WWH biocriterion for the MIWb at two locations in this
reach, the site at Central Avenue (RM 52.64) and Liberty-Fairfield Road (RM 43.23). IBI scores
were in the non-significant departure range at 3 of the 9 sites sampled. The failure of the MIWb
to meet at the Central Avenue site is partially explained by habitat quality, for reasons previously
articulated, as this reach is confined by levees. However, the impairment also likely reflects
cumulative stress and a continuation of the downward trend in scores evident in the upper reach.
The positive effect of habitat is clearly demonstrated by the bump in scores immediately
downstream from the Middletown dam (Figure 33), where the dam and old bridge abutments add
variety to an otherwise homogeneous reach. Longitudinally, the fish community appears to have
been influenced by the Verity Relief CSO/AK Steel 011 in the far-field sample collected at SR
73 (RM 49.1), but did not fall below the range of non-significant departure. However, the
macroinvertebrate community was clearly impacted by the AK Steel 011 outfall, but recovered
abruptly by the next downstream site (Figure 33). Downstream from Le Sourdsville at the
Liberty-Fairfield Road site, the MIWDb scores failed to meet the WWH biocriterion.
Concentrations of total organic carbon (see Figure 31), biochemical oxygen demand, and nitrite-
nitrogen were locally elevated in samples collected downstream from the Le Sourdville WWTP,
likely adding to the cumulative stress.

Linear Assessment - Lower Reach (River Miles 35 - 5)

The segment downstream from the Hamilton Recreation Dam was impaired starting immediately
downstream from the Hamilton WWTP and continuing to ~ RM 28.1 adjacent E. Miami River
Road (H11W51). Both the ICI and IBI fell below the range of non-significant departure (Figure
34) within this reach. Water quality parameters indicative of organic loadings were not elevated
in the reach, suggesting that erratic or poor plant performance may not have been an issue.
However, temperatures, relative to the adjacent upstream reach, were significantly higher in this
reach, representing an added source of stress to an already over-taxed system, thus reducing
assimilative capacity beyond the needs of the WWTPs. Aquatic communities were also impaired
downstream from the Taylor Creek WWTP. Water quality parameters measured immediately
downstream from the plant did not indicate erratic plant performance; however, permitted
ammonia loads from the plant are relatively high, and may be contributing to impairment, again,
given that the river is already over-taxed. MIWb scores, however, improved in this reach for
previously stated reasons.

Trendsin Fish Communities, 1980-2010, GMR Main stem

The biologic integrity of fish communities in the lower GMR main stem has improved
incrementally since the first comprehensive survey in 1980. IBI scores have averaged 7 points
higher in each successive survey (Figure 35; ANOVA P <0.0001, all Bonferroni adjusted
comparisons at P < 0.0001), owing primarily to advanced wastewater treatment and reduced
pollutant loadings from industry. MIWD scores, however, were similar between 1995 and 2010,
suggesting that additional effort toward pollution reduction will be needed to realize continued
improvement.

Along the run of the river, IBI and MIWb scores measured in 2010 followed a similar trajectory
to those measured in 1995 (Figure 36a and 36b). The downward trend in IBI scores indicates
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Figure 34. Longitudinal plots of a) ICI and IBI scores and b) MIWb scores by river mile and in
relation to major NPDES facilities and low-head dams for sites sampled in reach downstream
from Hamilton Recreation Dam to the Ohio River backwaters, 2010. Points colored yellow are
in the nonsignificant departure range of the applicable WWH biocriterion, and red-colored points
fail the biocriterion.
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cumulative stress from loadings, and demonstrates that the assimilative capacity of the river is
over-taxed. However, the central tendency in IBI scores in 2010 is now within the range of non-
significant departure of WWH, suggesting that the effort needed to fully restore the beneficial
aquatic life use need not be onerous. The success of the point source reductions evident in the
trajectory of scores since 1980 suggests that a focused effort directed toward non-point sources
of nutrients, combined with modest reductions in nutrients from the point sources, would restore
the use.
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Figure 35. Distributions of IBI and MIWDb scores by year for the lower GMR main stem.
Pairwise comparisons between years (ANOVA, Bonferroni family level adjustment) indicated
that mean IBI scores differed significantly by year, and that MIWb scores between 1995 and
2010 were similar (P > 0.7).
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Figure 36. Trends in a) IBI and b) MIWDb scores for the lower GMR main stem in relation to
major NPDES facilities. The shaded bar in each plot shows the area of nonsignificant departure

from the respective WWH biocriterion. Lines drawn through respective annual data points are
from LOWESS (q=0.5).
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Table 29. Fish community attributes for sites sampled in the lower Great Miami River basin, 2010. QHEI
is the Qualitative Habitat Evaluation Index, IBl is the Index of Biotic Integrity, MIWb is the Modified
Index of Well-being. PHW, primary headwater habitat (fish not sampled); DNS, did not sample-wetland,
or access denied (noted by asterisk for the latter).

River Number Relative Relative (all) Relative Drain
Mile of Species Weight Number Number QHEI IBI MIWb? Narratives Area
14-001-000 Great Miami River
Warmwater
80.65» 19.0 83.3 212.0 234.0 48.0 44 8.7 VeryGood Good 2,511.0
78.85a  20.0 240.7 406.0 430.0 62.0 54 10.0 Exceptional Exceptional 2,587.0
77.24A  25.0 194.0 636.0 666.0 72.8 52 9.8 Exceptional Exceptional 2,591.0
75.86a  23.0 154.0 334.0 376.0 62.0 52 9.6 Exceptional Exceptional 2,595.0
73.77A  16.0 84.6 302.0 324.0 54.0 46 8.3 VeryGood Marginal 2,605.0
7248  24.0 227.4 320.0 334.0 80.5 58 9.9 Exceptional Exceptional 2,636.0
71.60a  22.0 318.4 642.0 664.0 84.8 48 9.8 Exceptional Exceptional 2,637.0
69.87a  20.5 151.6 363.0 380.0 76.0 48 9.1 Exceptional Very Good 2,647.0
68.60a 22.0 168.5 432.0 472.0 74.5 52 9.2 Exceptional Very Good 2,654.0
66.90An 20.0 152.7 314.0 342.0 71.0 50 9.2 Exceptional Very Good 2,711.0
64.00~ 16.5 89.0 162.0 208.0 8.5 32 8.2 Fair Marginal 2,719.0
62.58» 20.5 74.7 156.0 190.0 81.8 39 8.6 Marginal Good 2,723.0
60.58a 13.0 131.2 216.1 246.0 84.8 46 8.4 VeryGood Marginal 2,728.0
58.00n 17.0 144.6 254.0 294.0 85.3 48 8.9 Exceptional Good 2,794.0
52.64 A 9.0 63.1 216.0 242.0 685 42 7.8 Good Fair 3,134.0
51.56a 19.5 408.3 460.5 491.8 78.5 50 9.9 Exceptional Exceptional 3,137.0
51.44A 19.5 128.6 477.7 505.8 78.5 50 9.3 Exceptional Very Good 3,137.0
51.24A  20.5 62.2 249.0 266.0 74.8 48 8.7 Exceptional Good 3,137.0
49.27» 17.0 95.1 427.0 503.0 74.8 38 8.7 Marginal Good 3,189.0
4791 18.0 175.3 856.0 892.0 75.0 44 8.6 VeryGood Good 3,191.0
46.80» 26.0 151.8 874.0 960.0 83.3 50 9.3 Exceptional Very Good 3,241.0
4520~ 16.0 174.8 382.0 444.0 79.8 40 8.9 Marginal Good 3,271.0
43.23A  16.5 62.7 329.0 368.0 815 39 8.0 Marginal Marginal 3,280.0
34.10an 245 194.0 201.0 206.0 70.5 49 9.3 Exceptional Very Good 3,636.0
33.50a 23.5 149.7 178.0 185.0 82.0 44 9.7 VeryGood Exceptional 3,639.0
32.70a  20.5 356.7 238.0 249.0 81.3 40 10.1 Marginal Exceptional 3,641.0
31.40a 18.0 259.5 170.0 178.0 76.8 35 9.6 Fair Exceptional 3,662.0
28.82 4 19.5 332.0 202.0 205.0 825 37 97 Fair Exceptional 3,670.0
26.21a 19.5 215.0 193.0 198.0 81.0 39 97 Good Exceptional 3,789.0
23.65a 23.0 180.7 197.0 200.0 820 39 97 Good Exceptional 3,803.0
19.90» 28.0 212.3 438.0 472.0 81.0 42 10.2 Good Exceptional 3,831.0
15.49A 24.0 208.3 308.7 339.2 843 39 95 Good Very Good 3,838.0
1493, 22.0 242.5 425.0 448.0 843 34 9.6 Marginal Exceptional 3,865.0
8.52a 28.0 362.7 536.0 551.0 835 40 104 Good Exceptional 3,878.0
14-004-000 Taylor Creek’
Warmwater
3.10e 22.0 884.0 1,228.0 73.8 48 Very Good NA 12.9
1.60¢ 19.0 1,908.0 2,182.0 60.0 50 Exceptional NA 14.5
0.82p 23.5 189 1,260.0 1,549.0 67.5 40 8.4 Good Good 26.5

"Interior Plateau Ecoregion apply.
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Table 29. Continued.
River Number Relative Relative (all) Relative Drain
Mile of Species Weight Number Number QHEI IBI MIWb? Narratives Area
14-004-001 Wesselman Creek’
Warmwater
3.00¢ 6.0 189.6 216.0 425 42 Good NA 2.6
0.30¢ 22.0 1,584.0 2,064.0 68.0 56 Exceptional NA 9.1
14-004-002 Briarly Creek’
Warmwater
1.30¢ 7.0 672.0 1,568.0 65.3 26 Poor NA 6.9
0.10¢ 5.0 516.0 1,260.0 70.5 22 Poor NA 7.2
14-005-000 Paddy’s Run
Warmwater
4,73 18.0 2,714.0 3,710.0 65.5 52 Exceptional NA 6.7
14-013-000 Pleasant Run
Warmwater
3.75¢ 11.0 316.0 848.0 69.8 36 Marginal NA 4.7
2.10¢ 16.0 1,176.0 1,910.0 59.5 42 Good NA 16.5
14-013-001 Trib. to Pleasant Run (3.31)
None
0.13¢ 5.0 400.0 758.0 61.0 36 Marginal NA 3.0
14-016-000 Gregory Creek
Warmwater
5.29¢ 19.0 808.2 1,290.0 715 50 Exceptional NA 9.0
0.98p0 27.0 23.3 489.0 702.0 83.0 52 9.6 Exceptional Exceptional 222
14-017-000 Coldwater Creek
Warmwater
0.60¢ 16.0 1,640.0 2,286.0 62.5 54 Exceptional NA 3.7
14-018-000 Dicks Creek
Warmwater
0930 19.0 3.6 197.3 225.8 608 45 7.1 Good Fair 485
14-022-000 Elk Creek
Exceptional Warmwater
10.10¢ 20.0 716.0 1,070.0 64.0 50 Exceptional NA 15.0
3.700 21.0 8.5 1,759.5 1,973.5 64.5 46 8.1 VeryGood Marginal 37.0
1.49¢ 21.0 8.8 1,090.0 1,201.0 58.0 48 8.7 VeryGood Good 46.0

"Interior Plateau Ecoregion apply.
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Table 29. Continued.
River Number Relative Relative (all) Relative Drain
Mile of Species Weight Number Number QHEI IBI MIWb? Narratives Area
14-023-000 Browns Run
Warmwater
2.70¢ 10.0 586.0 1,356.0 60.8 42 Good NA 8.6
0.93¢ 19.0 1,092.0 1,534.0 68.3 56 Exceptional NA 10.4
14-024-000 Clear Creek
Warmwater
11.10¢ 15.0 1,336.0 1,732.0 77.0 52 Exceptional NA 8.7
7.570 26.0 30.4 958.5 1,321.5 785 48 8.8 VeryGood Good 30.0
6.900 25.5 16.3 2,823.0 3,099.0 788 46 8.3 VeryGood Good 38.0
2.500 28.0 55.3 748.4 834.8 67.8 54 9.7 Exceptional Exceptional 46.0
0.770  24.0 14.6 569.3 684.0 725 49 9.0 VeryGood Very Good 52.2
14-029-000 Bear Creek
Warmwater
12.09¢ 17.0 872.0 2,122.0 753 46 Very Good NA 5.6
9.75¢ 12.0 446.0 664.0 67.5 44 Good NA 11.2
7.08¢ 15.0 950.0 1,046.0 63.0 50 Exceptional NA 20.0
6.40¢ 18.0 44.4 2,864.0 3,132.0 70.0 42 8.7 Good Good 20.8
0.24o 20.0 10.8 1,263.0 1,494.0 62.8 40 8.0 Good Marginal 53.3
0.24¢ 24.0 19.0 2,022.0 2,334.0 62.8 46 9.4 VeryGood Exceptional 53.3
14-030-000 Little Bear Creek
Warmwater
1.01¢ 13.0 614.0 818.0 67.8 48 Very Good NA 10.0
14-035-000 Opossum Creek
Warmwater
1.40¢ 13.0 1,396.0 2,240.0 69.5 48 Very Good NA 7.0
14-036-000 Holes Creek
Warmwater
8.59¢ 10.0 34.0 196.0 71.0 24 Poor NA 7.3
3.37¢ 15.0 1,520.0 1,764.0 73.0 46 Very Good NA 18.7
14-037-000 Wolf Creek
Warmwater
16.61¢ 9.0 96.0 276.0 56.0 36 Marginal NA 4.6
15.32¢ 11.0 198.0 542.0 73.0 34 Fair NA 7.4
14900 11.0 938.0 1,642.0 79.8 38 Marginal NA 8.0
10400 13.0 208.0 774.0 81.0 32 Fair NA 13.9
2.49p 225 21.8 857.3 1,070.3 77.5 51 8.8 Exceptional Good 66.6
1.050 21.0 10.0 162.0 382.5 67.0 36 8.0 Marginal Marginal 70.0
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Table 29. Continued.
River Number Relative Relative (all) Relative Drain
Mile of Species Weight Number Number QHEI IBI MIWb? Narratives Area
14-039-000 North Branch Wolf Creek
Warmwater
397 19.0 412.0 620.0 74.0 48 Very Good NA 13.9
0.69o0 19.0 12.8 798.2 1,072.7 725 46 8.4 VeryGood Good 23.4
14-039-001 Trib to N. Br. Wolf Creek (RM 1.77)
None
042 11.0 324.0 382.0 65.8 46 Very Good NA 6.3
14-040-000 Razor Run
Warmwater
0.57¢ 16.0 170.0 328.0 56.5 48 Very Good NA 53
Ecoregion Biocriteria: Eastern Corn Belt Plain
IBI MIWb
Site Type WWH EWH WWH EWH
Headwaters 40 50 NA NA
Wading 38 50 7.9 9.4
Boat 40 48 8.7 9.6
Ecoregion Biocriteria: Interior Plateau
IBI MIWb
Site Type WWH EWH WWH EWH
Headwaters 40 50 NA NA
Wading 40 50 8.1 9.4

a - MIWD is not applicable to headwater streams with drainage areas < 20 mi*.
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Tributaries - Overview

The compositional structure of fish and macroinvertebrate communities in tributaries to the
lower GMR was examined against measured environmental gradients using non-metric
multidimensional scaling and cluster analysis (based on Bray-Curtis distances). Sites from Wolf
Creek, Pleasant Run, and Holes Creek were separated from other survey sites along a gradient of
urban land use, organic enrichment, and chloride ions (Figures 37 and 38). Holes Creek and
Pleasant Run were the most urbanized catchments, with impervious cover exceeding 13% in both
cases (Figure 38). Various studies examining the relationship between urban land use and
biological communities have shown that when impervious cover exceeds roughly 10%,
biological communities become noticeably degraded (Miltner et al. 2004, Karr and Chu 2000,
Wang et al. 1997, Steedman 1988). However, biological communities met WWH in Holes
Creek at RM 3.37, and were within non-significant departure in Pleasant Run. For both systems,
the ability of the stream to adjust physically to stormwater loads is likely helping to attenuate
impacts on the biology. The non-attaining site in Holes Creek (RM 8.59), was clearly being
polluted by a failure in the sewage collection system.
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Figure 37. Distributions of a) TKN, b) macroinvertebrate EPT taxa, c) fish IBI scores, d)
macroinvertebrate ICI scores plotted by groups suggested by hierarchical clustering of fish
assemblages, and e) an ordination of survey sites based on macroinvertebrate community
composition. Shaded points in e) are sites occurring in fish cluster 1. Distributions in fish
cluster 1 are also shaded for visual continuity. The overlay in e) represents correlation with
environmental gradients (r*>0.3). Site 300951 in the upper center of e) is the lone site in fish
cluster 17, and is functionally a primary headwater stream. Note that narrative evaluations based
on qualitative sampling of the macroinvertebrate community were translated to numeric scores.
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Figure 38. Distributions of fish IBI scores by percent urban land use calculated at the HUC 10
subwatershed level.

Temperature and suspended solids formed secondary gradients explaining variation in fish
community structure, and one site (the most upstream site on Wessleman Creek) was clearly
distinct for both fish and macroinvertebrates, having characteristics of a primary headwater
stream (Table 30). The site on Dicks Creek and the most downstream site on Taylor Creek were
modestly enriched and carried higher loads of TSS relative to the other streams sampled. Dicks
Creek also had noticeably higher concentrations of dissolved ions, and was in partial attainment
of WWH due to lower than expected fish abundance. All other sites met WWH. Note, however,
that the organic enrichment gradient referred to in the previous paragraph was more apparent in
the number of Ephemeroptera, Plecoptera and Trichoptera (EPT) taxa (Figure 39a) compared to
the overall community rating (Figure 39b), and that a clear threshold response was evident at a
TKN concentration of ~ 0.4 mg/l. This suggests that the assimilative capacity of many streams
in the study area is being taxed.

Linear and Catalogue Unit Assessments of Tributaries - Wolf Creek (0508000201: 01, 02, 03)
Aquatic communities in the linear reach of Wolf Creek from the headwaters to the confluence
with the North Branch at RM 6.74 (HUC12 02) were impaired (Figure 40). The cause of
impairment was a combination of toxicity and organic enrichment from urban stormwater, and
organic enrichment from the Brookville WWTP. Evidence pointing to organic enrichment from
stormwater as a source is necessarily indirect, but can be inferred from elevated TKN
concentrations and low dissolved oxygen concentrations measured upstream from the Brookville
WWTP, plus the fact that relative to the watershed area, the amount of impervious cover in the
subcatchment upstream from the treatment plant is 15 percent. Downstream from the plant,
organic enrichment was evidenced by high ammonia and TKN concentrations, and higher
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densities of macroinvertebrates compared to upstream, notably aquatic worms, and a greater
relative abundance of tolerant and omnivorous fishes. Also the shallow margin areas had anoxic
sediments, were sprouting squash and pumpkin vines, and had female hygiene products in the
flotsam; all suggesting sewer overflows. The other two HUC subunits (01 and 03) were in full
attainment of designated aquatic life uses. The North Branch of Wolf Creek supported seven
pollution sensitive fish species, including silver shiner, indicating that the subcatchment is

relatively intact.
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Figure 39. a) EPT taxa and b) ICI scores plotted against total Kjeldahl nitrogen concentrations.
Note that narrative evaluations based on qualitative sampling of the macroinvertebrate
community were translated to numeric scores.

Bear Creek (HUC_12 0508000204 01, 02)

Both HUC12 subunits comprising Bear Creek were in attainment of designated aquatic life uses.
No linear change in the status of biological communities relative to the New Lebanon WWTP
was detected. Bear Creek, though not meeting the definition of a coldwater stream, has a
significant groundwater component as evidenced by the presence of mottled sculpin, southern
redbelly dace, and northern pike among the fishes, and the presence of two coldwater

macroinvertebrate taxa.
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Table 30. Tributaries sampled in the lower Great Miami River basin arranged by similarity based
on species composition and environmental variables contributing to group formation.

Plot |STORET |NAME Rivercode |RM_ |EPT | ICI | Cold |IBI |Distinguishing
Code Taxa' Characteristics

1]203503 | Wolf Creek 14-037-000 | 10.40| 9| G 0| 32|Smaller,
11300948 | Pleasant Run 14013000 | 375 8| MG 36|urbanized
11300949 | Pleasant Run 14-013-000 2.10 42 | modest organic
1[301027  |Holes Creek 14-036-000 | 859| 5| P 0| 24 22370*}?,‘?;;
1|HO9K25 | wolf Creek 14-037-000 | 14.90| 6| F 1| 38|chloride
1|HO9W81 | Wolf Creek 14-037-000 | 16.61] 6| F o| 36
1|HO9W82 | Wolf Creek 14-037-000 | 15.32| 7| MG o| 43
1[HO9WO1 | wolf Creek 14-037-000 | 1.00| 19| 46 0| 36
1/H11K22  |Briarly Creek 14-004-002 | 0.10| 13| G o] 22
1300950 Pleasant Run Trib | 14-013-001 0.1 5 F 0 36

H11K20 Taylor Creek 14-004-000 3.50 3 F 0
21203513 Clear Creek 14-024-000 2.50 19| 46 0 53| Larger streams
2203514 | Clear Creek 14-024-000 | 6.90| 11| 36 o] 46 ‘l’)viictj‘ogi’f’d
2|300811 |Gregory Creek 14-016-000 | 098] 11| G o] 52
2300812 | Clear Creek 14-024-000 | 0.77| 16| 44 o| 48
2|HO9PO1 | Elk Creek 14-022-000 | 1.49| 17| 46 o| 48
2|H09S01 | Bear Creek 14-029-000 | 0.24| 22| 54 o| 43
2|HO9W49 | Clear Creek 14-024-000 | 7.57| 15| 42 o| 48
31301025 N. Br. Wolf Trib 14-039-001 0.42 16| VG 1 46 | Larger streams
3[300902 | Taylor Creek 12004000 | 0.82| 13| 44 o 40| rganie
3|HO9W66 | Dicks Creek 14-018-000 | 0.93 9| 42 1| 45 §3§§22Leer§ joﬁds
4203516 | Clear Creek 14-024-000 | 11.10] 15| MG 1| 52|Small, cool-
4300942 |Opossum Creek  |14-035000 | 140 14| G 1| 48 xﬁ:]e;‘iggams
41300945 |Browns Run 14-023-000 | 270| 21| G 1| 42| biology
4|HO9P06  |Bear Creek 14-029-000 | 9.75| 10| G 1| 44
4|HO9PO7 |Little Bear Creek  |14-030-000 | 1.01| 13| G o| 48
4|HO9W88 |Bear Creek 14-029-000 | 12.09| 15| G 1| 46

300943 Opossum Creek 14-035-000 0.10 13| MG 1

203504 | Dry Run 14-038-000 | 0.20| 15| G 1
5300652  |Holes Creek 14-036-000 | 3.37| 9| G 0| 46]Intermediate
5300818 | Wolf Creek 14-037-000 | 2.49| 24| 52 0| 51 jviﬁﬁdgiggams
5300944  |Elk Creek 14-022:000 | 10.10] 21| G 0|  50]biology
5300946 | Browns Run 14.023-000 | 093] 15| G 0| 54
5|300947 Coldwater Creek 14-017-000 0.60 13| MG 2 54
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Table 30. Tributaries sampled in the lower Great Miami River basin arranged by similarity based
on species composition and environmental variables contributing to group formation.

Plot |STORET |NAME Rivercode |RM EPT | ICI | Cold |IBI Distinguishing
Code Taxa' Characteristics

5(301022 N. Br. Wolf 14-039-001 3.97 16| VG 0 48

5(600230 N. Br. Wolf 14-039-000 0.69 18| VG 0 46

5|HO9P02 | Gregory Creek 14-016-000 5.29 11| G 0 50

5(H09S04 |Bear Creek 14-029-000 7.08 18| 36 0 42

5|HO9W89 | Elk Creek 14-022-000 3.70 19| G 0 46

5|H11C02 | paddy's Run 14-005-000 4.73 10| G 1 52

5({H11K19 Taylor Creek 14-004-000 1.60 12 G 0 50

5|H11K21 Wesselman Creek 14-004-001 0.30 9 G 0 56

171300951 Wesselman Creek | 14-004-001 3.00 9| G 0| 42|PHWH

Cold-water macroinvertebrate taxa.
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Figure 40. Longitudinal profile of ICI and IBI scores along the main stem of Wolf Creek in
relation to the Brookville WWTP. Scores obtained from the lower reach of the North Branch are
noted and plotted at the river mile confluence of the North Branch with the main stem. The
shaded regions show the respective ranges of non-significant departure.
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Opossum Creek (0508000201: 06)

The northeastern corner of the Opossum Creek catchment drains high density residential areas
located on the western flank of Dayton, and is therefore subject to the typical ills associated with
urban runoff. However, the Opossum Creek Reserve, juxtaposed downstream from the suburban
areas, along with a significant groundwater contribution, allows the biological communities to
meet their respective biological criterion. Mottled sculpin, redside dace, and southern redbelly
dace were present, along with one coldwater macroinvertebrate taxon. Low relative abundance
of insectivorous fishes, high relative abundance of herbivorous stonerollers, and high densities of
filter feeders indicate nutrient enrichment. The source of the enrichment is unknown, and given
that fecal bacteria (Escherichia coli) were not elevated, it may be a direct effect of suburban
runoff.

Holes Creek (0508000201: 04)

Of the two sites sampled on Holes Creek, the site sampled at Lyons Road (301027, RM 8.59)
was impaired as indicated by both fish and macroinvertebrate communities, and elevated
concentrations of ammonia, TKN and total phosphorus. The cause of impairment was organic
enrichment from an, as yet, unidentified failure in the sewage collection system. The site
sampled at Mad River Road, despite the obvious physical alterations induced by stormwater, was
in attainment of the designated WWH aquatic life use. As previously noted, the abundance of
glacial till and room to physically adjust helps attenuate stormwater impacts.

Clear Creek (0508000204: 03)

Biological communities sampled in Clear Creek met respective criteria for WWH at all stations
sampled, though the macroinvertebrate community was rated as marginal downstream from the
Springboro WWTP (Figure 41). Wide dissolved oxygen swings, marginal biological ratings,
moderately elevated levels of benthic chlorophyll, and lack of assimilation of the nutrient load
(phosphorus concentrations averaged 0.436 mg/l near the mouth) indicate that Clear Creek is
enriched, and contributes to the enrichment in the GRM main stem. As with Holes Creek,
stormwater impacts on the physical habitat were obvious, though less dramatic, and ensuing
effects on the biota were apparently ameliorated by the ability of the stream to physically adjust.

Elk Creek and Browns Run (0508000207: 01, 02)

All sites monitored in the Elk Creek and Browns Run catchment units supported aquatic
communities meeting the biological criteria for WWH. Browns Run is a coolwater stream as
evidenced by the presence of one coldwater macroinvertebrate taxon and mottled sculpin.

Dicks Creek (0508000207: 04)

One site was sampled near the downstream terminus of Dicks Creek as a follow-up on
remediation efforts. The site was in partial attainment due to low fish numbers and biomass
resulting in an MIWD score that narrowly missed the range of non-significant departure. The site
was polluted with high levels of dissolved solids, and had elevated concentrations of TKN and
TP. Inordinately wide dissolved oxygen swings and high levels of benthic chlorophyll evidenced
nutrient enrichment.
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Gregory Creek (0508000207: 05)

Three sites were monitored in the Gregory Creek catchment unit, two on Gregory Creek and one
on Coldwater Creek. All three supported biological communities meeting WWH criteria. True
to its namesake, Coldwater Creek supported two coldwater macroinvertebrate taxa, though no
coldwater fish species were present. Higher than expected numbers of flatworms in the
Coldwater Creek macroinvertebrate sample, and elevated ammonia and low dissolved oxygen in
one of the water quality samples evidenced modest levels of organic enrichment.

Pleasant Run (0508000209: 01)

Pleasant Run is a highly suburbanized catchment. Biological communities were sampled from

three locations in the subwatershed. Two marginally attained WWH, and one partially attained
due to impaired macroinvertebrates. The cause of impairment was the general suite of stressors
(i.e., physical and hydrologic alteration, and toxicity) associated with suburban stormwater.

Taylor Creek (0508000209: 01)

The Taylor Creek catchment is suburbanized, especially the eastern half. Biological
communities sampled in Taylor Creek and Briarly Creek upstream from their confluence with
each other, were impaired. Briarly Creek may have been affected by an episode of overt toxicity
or other disturbance, as sensitive fish species were absent, and tolerant and pioneering fishes
were abnormally abundant. The problem may have been temporally isolated, given that the
macroinvertebrate community contained sensitive fauna, and was rated in good condition.
Follow-up monitoring to check recovery of the fish community is obviously needed.

Paddys Run (0508000209: 03)

Biological communities in Paddys Run were sampled at Morgan-Ross Road and were found in
good condition. The elevated abundance of stonerollers and helicopsychid caddisflies noted were
completely in character with the ubiquitous background enrichment endemic to streams in the
Eastern Corn Belt Plains ecoregion.
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Table 31. Attainment statistics by USGS 12-digit hydrologic unit code for GMR tributaries

Lower Great Miami River TSD

May 12, 2012

sampled in 2010. The number in parenthesis is the percent of sites within the given unit fully
meeting the beneficial designated aquatic life use.

Assessment Qual. Bug | Number

Hydrologic Assessment Unit FULL Partial NON Only of Sites

050800020101 North Branch Wolf Creek 3(100) 3
050800020102 Headwaters Wolf Creek 0(0) 4 4
050800020103 Dry Run-Wolf Creek 2 (100) Full 3
050800020104 Holes Creek 1 (50) 2
050800020106 Opossum Creek-Great Miami River | 1 (100) Full 2
050800020401 Headwaters Bear Creek 4 (100) 4
050800020402 Mouth Bear Creek 1 (100) 1
050800020403 Clear Creek 5(100) 5
050800020701 Elk Creek 3(100) 3
050800020702 Browns Run-Great Miami River 2 (100) 2
050800020704 Dicks Creek 0(0) 1 1
050800020705 Gregory Creek 3 (100) 3
050800020901 Pleasant Run 2 (66.7) 1 3
050800020903 Paddys Run 1(100) 1
050800020905 Taylor Creek 4 (66.7) NON 6
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Recreational Assessment

Water quality criteria for determining attainment of the recreation use are established in the Ohio
Water Quality Standards (Table 7-13 in OAC 3745-1-07) based upon the quantities of bacteria
indicators (Escherichia coli) present in the water column. E. coli bacteria are microscopic
organisms that are present in large numbers in the feces and intestinal tracts of humans and other
warm-blooded animals. E. coli typically comprises approximately 97 percent of the organisms
found in the fecal coliform bacteria of human feces (Dufour, 1977), but there is currently no
simple way to differentiate between human and animal sources of bacteria in surface waters,
although methodologies for this type of analysis are becoming available. These microorganisms
can enter water bodies where there is a direct discharge of human and animal wastes, or may
enter water bodies along with runoff from soils where these wastes have been deposited.

Pathogenic organisms are typically present in the environment in such small amounts that it is
impractical to monitor them directly. Fecal coliform bacteria, including E. coli, by themselves
are usually not pathogenic. However, some strains of E. coli can be toxic and cause serious
illness, especially those emanating from cattle raised on a grain diet. Although not necessarily
agents of disease, fecal coliform bacteria and E. coli may indicate the potential presence of
pathogenic organisms that enter the environment through the same pathways. For example,
associations have been documented between proximity of wastewater outfalls, fecal bacteria
counts, and gastrointestinal illness at swimming beaches (Cabelli et al. 1982, Wade et al. 2006.
Wade et al. 2010; see also the literature review in the 2011 draft Recreational Water Quality
Criteria document (Office of Water 820-D-11-002 ). These studies failed to use true controls (i.e.
a placebo), however, calling into question both the causal mechanism of reported illnesses, and
the level of certainty of the study results. The near real-time counts used in the Wade et al.
(2006) study showed increasing concentrations of fecal bacteria during the course of the day,
suggesting that the bathers themselves were the source of contamination, and therefore the
disease vector. More importantly, none of the studies reviewed in the draft Recreational Water
Quality Criteria document (Office of Water 820-D-11-002 ) reported how recall bias was addressed.
Wade et al. (2010) conceded that recall bias may have obviated some of the results of their study, but
suggested that the increase in reported gastrointestinal disturbances with increasing levels of fecal
indicators was unlikely to have been confounded by recall bias. Another important caveat in using
fecal indicators as surrogates for pathogen exposure is that E. coli, and other bacteria, are found
in soils (Fujioka et al. 1999), and can persist in sediments for several weeks (Solo-Gabriele
2000), thereby obfuscating both source identification and association with potential pathogens.
Clearly, this last caveat is especially important when assessing upland streams.

Collectively, the studies reviewed in the draft Recreational Water Quality Criteria document
make the case for a causal dose-response association between recreational exposure to
contaminated water and illness. It is important to note, however, aside from the aforementioned
caveats, that the strongest associations were found where contamination was of human origin,
and untreated. Where the source of contamination was less well-defined (i.e, a mix of treated
effluent and diffuse runoff), the differences in illness rates between contact and non-contact
groups, though statistically significant, were slight (Figure 42). In other words, the chance of
experiencing a gastro-intestinal (GI) disturbance resulting from swimming at a beach when
pathogen indicators are comparatively elevated is roughly 3 to 5 percent higher than simply
sitting on the beach.
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Figure 42. Incidence of reported GI disturbances for non-contact and contact (i.e., swimmers
and bathers) beach goers. a) Incidence by level of recreational activity reported from two Great
Lakes beaches with sources of treated municipal effluent in relatively close proximity. b)
Incidence of GI disturbances as a function of pathogen indicator levels for non-contact and
immersion beach goers. Data used for (a) are from Wade et al. (2006), and data for (b) are from
the draft Recreational Water Quality Criteria document (Office of Water 820-D-11-002 ).

Streams in the lower Great Miami River watershed are designated as primary contact recreation
(PCR) or secondary contact recreation (SCR) use in OAC Rule 3745-1-21. SCR denotes waters
with limited potential for pathogen exposure by dint of being shallow or exceedingly remote.
Water bodies with a designated recreation use of PCR “...are suitable for one or more full-body
contact recreation activities such as, but not limited to, wading, swimming, boating, water skiing,
canoeing, kayaking, and scuba diving” [OAC 3745-1-07 (B)(4)(b)]. There are three classes of
PCR use to reflect differences in the potential frequency and intensity of use. Streams
designated PCR class A support, or potentially support, frequent primary contact recreation
activities. Streams designated PCR class B support, or potentially support, occasional primary
contact recreation activities. Streams designated as PCR class C support, or potentially support,
infrequent primary contact recreation activities. Streams designated as SCR use are rarely used
for water-based recreation. Three streams in the study area (Owl Creek, Briarly Creek and
Wesselman Creek) are designated SCR. The Great Miami River main stem is designated PCR
class A while all of the remaining streams are designated PCR class B.

The E. cali criterion that applies to PCR class A streams is a geometric mean of <126 colony
forming units (cfu)/100 ml. The E. coli criterion that applies to PCR class B streams is a
geometric mean of <161 cfu/100 ml. The criterion that applies to PCR class C streams is a
geometric mean of <206 cfu/100 ml. The criterion that applies to SCR streams is a geometric
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mean <1,030 cfu/100 ml. The geometric mean is based on two or more samples and is used as
the basis for determining the attainment status of the recreation use.

Summarized bacteria results for the lower Great Miami River watershed are listed in Table 33
and the complete dataset is reported in Appendix 4. Downloadable bacteria results are also
available from the Ohio EPA geographic information systems (GIS) interactive maps at the
following link: http://www.epa.ohio.gov/dsw/gis/index.aspx. Forty-five (45) locations in the
watershed were tested for E. coli levels four to fifteen times from May 6 through October 28.
Evaluation of E. coli results revealed that 25 of the 45 locations sampled (56%) failed to attain
the applicable geometric mean criterion, indicating an impairment of the recreation use at these
locations. (Six additional sites included in Table 33 were sampled once but are not included in
the attainment analysis given that recreation status cannot be determined where fewer than two
samples are collected.) Given that developed land accounts for forty-one percent (41%) of the
total land use in the watershed, a suspected source of contamination common to all of the
impaired sites was urban runoff. Generally, the highest bacteria levels occurred after significant
rain events. The majority (71%) of the maximum concentrations in Table 33 occurred on
October 27 and 28 after widespread heavy downpours following a period of relative dryness
(Figure 43).

GMR Main Stem

In the main stem 13 of the 23 sites sampled were impaired with non-attainment occurring in two
distinct segments of the river (Figure 44). The uppermost impaired segment included nine sites
and extended from Dayton (RM 78.85 Stewart Street) to south of Miamisburg (RM 64.72
Chautaqua Road). The river in this upper section flows through the cities of Dayton, Moraine,
West Carrollton and Miamisburg and includes some of the most developed (urban) land in the
study area (Figure 45). Five of the nine impaired sites (RMs 72.48, 71.6, 69.87, 69.3, 66.9) in
this upper segment would have attained the PCR Class A recreation use if the exceptionally high
values from the October 27 sampling were excluded from the analysis. This indicates that
impairment is more likely due to episodic events related to overflows, bypasses, and general
runoff attributable to wet weather rather than chronic issues. Four major municipal wastewater
facilities (Dayton WWTP, Montgomery County Western Regional WWTP, West Carrollton
WWTP and Miamisburg WWTP) discharge directly to the main stem in this upper segment.
While there are no documented final effluent bacteria violations for these facilities in the entitys’
self-monitoring reports all but West Carrollton reported system wide sanitary sewer overflows
(SSOs) during the May through October recreation period that may impact this upper portion of
the river. Additionally, a buried sewer line in the Great Miami River downstream from the
Stewart Street bridge was broken by a gravel excavator on September 1 causing the release of
approximately 130,000 gallons of sewage (bacteria samples were not collected in the main stem
on this day).

The main stem in the Middletown reach met the PCR Class A recreation use despite numerous
combined sewer overflows (CSOs) in the Middletown collection system. (Five CSOs discharge
directly to the Great Miami River and three CSOs discharge to the Middletown Hydraulic Canal
(confluence RM 52.17)). However, elevated bacteria levels were observed on August 16 and
October 27 at both RM 51.44 and RM 47.91 downstream from several actively discharging
CSOs following rain events.
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The second segment of the main stem which did not attain the PCR Class A recreation use
included the four sites sampled in the reach from the Lesourdesville WWTP to downstream from
the Pleasant Run confluence (RM 45.2 to RM 31.4). Urban runoff is again the primary
suspected contaminant source. Elevated bacterialevelstypicaly occurred after rain events.
However, E.coli concentrations were aso frequently elevated in the Lesourdesville WWTP final
effluent (discharge RM 45.41) and may be adding to the bacteriaload at RM 45.2 downstream
from the plant. Additionally, runoff from adjacent cropland may contribute to elevated bacteria
at thissite. In addition to the Lesourdesville WWTP discharge, this reach receives wastewater
from the Hamilton (RM 34.0) and Fairfield (RM 31.86) WWTPs. No elevated fecal coliform
final effluent concentrations were reported for either facility. (Neither entity monitored for E.
coli in 2010). While both cities have SSOs and bypasses in the collection systems, only
Hamilton reported overflows during the recreation period which may contribute to the bacteria
load in this portion of the main stem.

The lower reach of the main stem from Ross (RM 26.21) through RM 3.60 was in full attainment
of the PCR Class A recreation use. This section of the river is much less urban with more
forested land and a woody riparian compared to the upper watershed (Figure 45, Table 32).

Wolf Creek and North Branch Wolf Creek

Three sites were sampled for bacteriain Wolf Creek and one site was sampled in the North
Branch Wolf Creek. All failed to attain the PCR Class B recreation use. Vaues were
consistently elevated in Wolf Creek just downstream from the Village of Brookville at
Westbrook Road (RM 15.32). This site had the highest geometric mean of the entire survey
(2456 cfu/100ml) indicating a chronic bacteria problem. The cause of the impairment is not
entirely clear. In addition to the village of Brookville, upstream land use includes row crop
agriculture and pasture. Field crews frequently observed a biofilm on the water’ s surface.

While bacterialevels were generally lower than the upstream site, bacteria concentrations were
also consistently elevated at Airhill Road (RM 14.14) downstream from the Brookville WWTP
discharge (RM 14.90). There were no elevated fecal coliform final effluent concentrationsin
Brookville' s self-monitoring reports nor were there any discharges from the village' s SSOs
during the May through October recreation season (the current permit does not require the
village to monitor for E. coli). Adjacent and upstream land use (in addition to the village of
Brookville) is primarily row crop and pasture.

The most downstream site sampled for bacteriain Wolf Creek (Wesleyan Nature Center RM
2.49) also failed to meet the recreation use. Given that the mgjority of land in this lower portion
of the Wolf Creek watershed (WAU 050800020103) is devel oped (74%), the stream is
susceptible to contaminated urban runoff during precipitation events. This site would have
attained the PCR Class B recreation use if the exceptionally high value from the October 27
sampling were excluded from the analysis.

Bacterialevels were also consistently elevated above criterion in the North Branch Wolf Creek at

Union Road in Trotwood (RM 0.69). While 28% of the land in this subwatershed (drainage area
23.7 mi WAU 050800020101) is developed, cultivated crop and pasture/hay each respectively
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Bacteria levels were also consistently elevated above criterion in the North Branch Wolf Creek at
Union Road in Trotwood (RM 0.69). While 28% of the land in this subwatershed (drainage area
23.7 mi* WAU 050800020101) is developed, cultivated crop and pasture/hay each respectively
account for 50% and 13% of land use making agricultural and urban runoff potential sources of
bacteria.

Holes Creek

Bacteria levels in Holes Creek (Mad River Road RM 3.37) were consistently elevated and did
not attain the PCR Class B recreation use. While the cause of the impairment is not entirely
clear, field crews observed evidence that sewage had entered the stream well upstream at Lyons
Road (RM 8.59) during the survey. However, follow up investigation did not find any direct
sources. Given that land use in the Holes Creek subwatershed is highly developed (86%) and that
the highest bacteria levels occurred after precipitation suggests urban runoff is contributing to the
bacteria load.

Owl Creek

Owl Creek, sampled at West Central Avenue (RM 0.17) in West Carrollton, attained the less
stringent SCR use designation with the highest concentration (25,000 cfu/100 ml) occurring on
October 27.

Opossum Creek, Elk Creek, Browns Run, and Gregory Creek

Sites sampled for bacteria in Opossum Creek, Elk Creek, Browns Run, and Gregory Creek were
in full attainment of the PCR Class B recreation use. Stream riparian and overall land use in
these subwatersheds is generally much less urban than other areas in the Lower Great Miami
River watershed.

Bear Creek

Two sites were sampled in Bear Creek for bacteria (RMs 9.75 and 0.24). While the downstream
site at Soldiers Home-Miamisburg Road (RM 0.24) attained the PCR Class B recreation use, the
upstream site at US 35 (RM 9.75) did not. The New Lebanon WWTP discharges to Bear Creek
at RM 10.43. However, there were no elevated fecal coliform bacteria concentrations in the final
effluent as documented in New Lebanon’s self monitoring reports during the May through
October recreation season (the facility did not begin monitoring for E.coli until 2011).
Additionally, while the facility has had overflows to Bear Creek from its stormwater storage
lagoon (EQ basin) after heavy rains, none were reported during the 2010 recreation season.
Adjacent and upstream land use (in addition to the village of New Lebanon itself) is primarily
cultivated row crop.

Clear Creek

Neither site sampled for E.coli in Clear Creek (RMs 6.9 and 0.77) attained the PCR Class B
recreation use. The Springboro WWTP discharges to a tributary which enters Clear Creek at RM
7.10. There were, however, no elevated fecal coliform concentrations in the entity’s self-
monitoring reports nor were there any discharges from the city's SSOs (the facility does not
monitor for E. coli). Given the mixed land use in this subwatershed (33% developed, 21%
cultivated crop, 21% pasture/hay), both urban and agricultural sources may be contributing to the
bacteria load in Clear Creek.
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Dicks Creek

Dicks Creek at Main Street in Middletown (RM 0.93) did not attain the PCR Class B recreation
use. Draining much of the City of Middletown, the majority of land use in this lower portion of
the Dicks Creek subwatershed is developed (65%) making urban runoff the most likely cause of
non-attainment. The highest concentration (50,000 cfu/100ml) occurred on October 27 after
heavy downpours.

Pleasant Run

Similar to other highly developed areas, Pleasant Run at US 127 in Fairfield (RM 2.1) did not
attain the PCR Class B recreation use. While the Fairfield WWTP collection system has
bypasses and SSOs, no incidents were reported in 2010. Almost 92% of the land in this small
watershed (14.5 mi’) is developed making urban runoff the most likely source of the bacteria
load.

Taylor Creek, Briarly Creek, Wesselman Creek

Recreational use attainment in Taylor Creek and two of its tributaries Briarly Creek (confluence
RM 3.39) and Wesselman Creek (confluence RM 0.9) was mixed. Both Wesselman and Briarly
creeks fully attained the less stringent SCR use designation. However, two of the three sites
sampled for bacteria in Taylor Creek, a PCR Class B stream, failed to meet the criterion.
Potential sources of bacteria include package plants, failing home sewage treatment systems, and
urban runoff.
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Mean Daily Discharge (cfs)

Mean Daily Discharge (cfs)

Figure 43. May through October, 2010 flow hydrographs for the Great Miami River at Dayton
(USGS station #03270500) and the Great Miami River at Hamilton (USGS station #03274000).
Open triangles indicate river discharge on bacteriological sampling days. (Duration exceedence
and 7Q;o flow lines represent May-Nov period of record 1913-1997 (Dayton) and 1930-1997
(Hamilton).
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Figure 44. Scatter plots of E. coli concentrations in the main stem of the Great Miami River
during the 2010 survey. The 10-digit HUCs and 12-digit WAUSs are provided near the top of
each graphic. The upper plot depicts results for the two upper HUCs in the study area while the
bottom plot depicts the lower two HUCs. Dotted lines represent primary contact recreational
(PCR) use water quality criteria. Solid circles represent the geometric mean at each site
sampled.
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Lower Great Miami River Watershed Recreation Use Attainment

Recreation Attainment

A\ FULL ATTAINMENT

& NON ATTAINMENT

Preble Co.

Butler Co.

YWarren Co.

Percent LU
by Category 2006 NLCD Landuse

1.48% “ OpenWater

16.71% ICS Developed, Open Space
16.29% “ Developed, Lowntensity
5.90% “ Deweloped, Medium Intensity
2.04% “ Developed, High Intensity
Hamilton Co. 0.07% 5% Barren Land

18.82% “ Deciduous Forest
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0.19% T3 Mixed Forest
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Figure 45. Recreation use attainment and land use in the Lower Great Miami River watershed,
2010.
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Table 32. Percent Land Use in the Lower Great Miami River watershed (NLCD 2006).

May 12, 2012

Land Use 10-Digit Hydrologic Unit Code (05080002- )
01 04 07 09
Open Water 1.05% 0.89% 1.35% 2.49%
Developed, Open Space 21.87% 12.01% 15.55% 17.50%
Developed, Low Intensity 27.49% 10.65% 13.66% 14.41%
Developed, Medium Intensity 9.44% 2.72% 5.07% 6.43%
Developed, High Intensity 3.73% 0.61% 1.65% 2.24%
Barren Land 0.22% 0.00% 0.00% 0.07%
Deciduous Forest 8.03% 15.51% 15.25% 34.64%
Evergreen Forest 0.18% 0.43% 1.08% 0.39%
Mixed Forest 0.10% 0.26% 0.35% 0.01%
Scrub/Shrub 0.00% 0.20% 0.21% 0.27%
Grassland/Herbaceous 0.22% 0.75% 0.58% 1.55%
Pasture/Hay 7.57% 19.41% 22.12% 11.09%
Cultivated Crop 19.95% 36.45% 22.92% 8.53%
Woody Wetlands 0.01% 0.07% 0.02% 0.24%
Emergent Herbaceous Wetlands 0.15% 0.04% 0.19% 0.14%

D

HUC 05080002-01

HUC 05080002-07

HUC 05080002-04

HUC 05080002-09
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Table 33. Ohio EPA bacteriological (E. coli) sampling results in the Lower Great Miami River study area during 2010. All values are
expressed as colony forming units (cfu) or most probable number (MPN) per 100 ml of water. Values above criteria are highlighted in

red. *
Stream a : Samples E. ol Attainment | Suspected Sour ces of
RM AU L ocation *#) Geometric Max S Bacterial®
M ean Value
|
Great Miami River - PCR-Class A

78.85 LRAU Stewart St 15 290 3600 NON G,J
75.86 LRAU Dst Dayton WWTP, Adj West River Rd 8 291 5900 NON G,J
72.48 LRAU West End Of Moraine Airpark, Upst Appleton 9 161 76000 NON G,J
71.6 LRAU Upst Montgomery Co W Regional WWTP 9 212 110000 NON G
69.87 LRAU Farmersville-West Carrollton Rd 9 178 51000 NON G
69.3 LRAU Upst West Carrollton WWTP, Dst Owl Creek 9 156 9200 NON G
68.6 LRAU Dst West Carrollton WWTP 9 191 4800 NON G
66.9 LRAU Linden Ave (Miamisburg) 15 147 7100 NON G
64.72 LRAU Chautaqua Rd 9 185 2700 NON G
60.58 LRAU Old SR 123 (Franklin) 9 90 6100 FULL
59.5 LRAU Dst Franklin WWTP 9 69 5900 FULL

52.64 LRAU Central Ave (SR 122) 15 83 1550 FULL
51.6 LRAU Dst Middletown dam 1 - 130 N/A

51.44 LRAU Dst Verity Relief Overflow (Middletown) 9 122 11000 FULL

51.24 LRAU Dst AK Steel 011, Between CSOs 1 - 10 N/A
49.1 LRAU SR 73 1 - 10 N/A

47.91 LRAU Dst Middletown WWTP, Upst Dicks Cr 9 120 8600 FULL
47.1 LRAU Upst Lesourdesville WWTP, Dst Dicks Cr 1 - 20 N/A
45.2 LRAU Dst Lesourdsville WWTP 9 188 3200 NON C,G,H
34.1 LRAU 0.1 Mi Upst Hamilton WWTP 15 166 4700 NON G
33.5 LRAU Dst Hamilton WWTP 9 250 3600 NON G
31.4 LRAU Dst Fairfield WWTP, Dst Pleasant Run 9 154 730 NON G
28.85 LRAU Upst Banklick Cr, Adj East River Rd 1 - 20 N/A

26.21 LRAU SR 126 (Ross) 9 63 400 FULL
19.9 LRAU Dst Paddys Run 8 39 660 FULL

15.49 LRAU Harrison Rd (Miamitown) 15 49 1480 FULL

14.93 LRAU 1-74/1-275/ US 52 8 58 770 FULL
3.60 LRAU Near Shawnee Boat Ramp 9 39 170 FULL
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Stream a : Samples E.' ol Attainment | Suspected Sour ces of
RM AU L ocation ) Geometric Max Status B
M ean Value
Wolf Creek - PCR Class B
15.32 01-02 Upst Brookville WWTP (@ Westbrook Rd 9 2456 11000 NON G,H,K
14.14 01-02 | Dst Brookville WWTP @ Airhill Rd 9 563 12000 NON G,HK
10.4 01-02 Upst Nolan Rd (Trotwood) 1 - 160 N/A
2.49 01-03 Wesleyan Nature Center Pedestrian bridge 15 200 7200 NON G
North Branch Wolf Creek- PCR Class B
0.69 | 01-01 [ Union Rd (Trotwood) I 329 [ 1100 | NON GH
Holes Creek — PCR Class B
337 | 01-04 | Mad River Rd HE 513 [ 9400 | NON G
Owl Creek — SCR
0.17 | 01-06 | W Central Ave (West Carrollton) | 9 287 | 25000 | FULL
Opossum Creek - PCR ClassB
0. | 01-06 | Soldiers Home Rd (W Carrollton) | 4 52 | 140 | FULL
Bear Creek - PCR ClassB
9.75 04-01 US 35 (New Lebanon) 9 585 1300 NON G,H
0.24 04-02 Soldiers Home-Miamisburg Rd 15 144 411 FULL
Clear Creek - PCR ClassB
6.9 04-03 Dst Springboro WWTP Trib @ Weidner Rd 9 331 5700 NON G,H
0.77 04-03 | Baxter Dr (Franklin) 15 224 15000 NON GH
Elk Creek - PCRClass B
1.49 | 07-01 | Howe Rd (Miltonville) | 15 95 | 1300 | FULL
Browns Run - PCR Class B
093 | 07-02 | Adj Browns Run Rd (Near Address 6320) | 8 141 [ 3100 | FULL
DicksCreek - PCR Class B
093 | 07-04 | Main St (Middletown) | 15 311 [ 50000 | NON G
Gregory Creek - PCR Class B
098 | 07-05 | Lesourdsville W Chester Rd HE 107 [ 1990 | FULL
Pleasant Run - PCR Class B
2.1 | 09-01 | US 127 (Pleasant Ave) | 6 549 [ 2700 | NON G
Taylor Creek - PCR Class B
3.4 09-05 Upst Briarly Creek 9 165 1300 NON A, C'G
1.6 09-05 | Upst I-275 (Adj Harrison Rd) 9 156 2100 FULL
0.82 09-05 Wesselman Rd 15 226 4800 NON A, CI,G
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Stream AU 2 L ocation Samples Geom EtIrEi.ccoIi Max Attainment | Suspected Sour ces of
RM ) Status Bacteria®
M ean Value
Briarly Creek - SCR
0. | 09-05 | Near mouth | 9 ] 105 | 2900 | FULL |
Wesselman Creek - SCR
3.0 09-05 Adj Wesselman Rd (Upst Taylor Rd and trib) 9 340 3500 FULL
0.3 09-05 Near mouth, Upst I-74, Adj Wesselman Rd 9 230 3200 FULL

* Samples were collected from May 6 - October 28, 2010. Attainment statusis based on the seasonal (May 1- October 31) geometric mean. The status
cannot be determined at locations where fewer than two samples were collected during the recreation season (Ohio Administrative Code 3745-1-07).

Recreation Use Seasgnal Single .Sample
geometric mean Maximum
Bathing Water 126 235
Class A primary contact recreation 126 298
Class B primary contact recreation 161 523
Class C primary contact recreation 206 940
Secondary contact recreation 1030 1030

a AU — Assessment Unit
LRAU - Large River Assessment Unit

See Table _ for 12-digit watershed assessment units.

b Suspected Sources of Bacteria:
A - Failing home sewage treatment systems
B - Livestock access to stream
C - Wastewater treatment plant
" package plant(s)
D - Unsewered community

E - Combined sewer overflow (CSOs)
F - Sanitary sewer overflows (SSOs)
G - Urban runoff (city, village, etc.)

H - Agricultural runoff

I - Animal Feedlot Operation

J - Wildlife (geese, etc)
K - Unknown
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