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1. Background

This document, the Preliminary Modeling Results (PMR), provides the analytical methods to develop total
maximum daily loads (TMDLs) for the Maumee Watershed Nutrient project. This is the fourth step in the TMDL
development process. This project addresses shorelineand open water impairments in the Western Lake Erie
Basin (WLEB) caused by cyanobacteria that may produce cyanotoxins and are commonly known as harmful algal
blooms (HABs). Figure 1 shows the impaired Lake Erie assessment units applicable to this TMDL project. This
figure also shows the Maumee watershed. This project outlines pollutant reductions in this watershed toaddress
the impaired Lake Erie assessmentunits. Table 1 outlines the 8-digit hydrologicunit code (HUC) watershedsin the
Maumee watershed thatare includedin this project; there are seven of them.
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Figure 1. Map of Ohio’s WLEB assessment units andthe Maumee River watershed.

Table 1. Maumee River watershed HUC 8s included in this TMIDL.

HUC8 WatershedName HUC8 WatershedName
04100003" St. Joseph River 04100007" Auglaize River
04100004" St. Marys River 04100008 Blanchard River
04100005° Upper MaumeeRiver 04100009 Lower Maumee River
04100006" Tiffin River

* Only the Ohio portions of these HUC 8s will be included in this TMDL's allocations



Allthree Lake Erie assessment units considered in this project are impaired for their recreation use and public
drinking water supply use. The WLEB and islands shoreline unitsare alsoimpaired for aquaticlife use due to
nutrients. The recreation use impairments are due to HAB events thatregularly occur in western Lake Erie. The
publicdrinking water supply use impairmentsare due to cyanotoxins, which are a product of HAB events.
Cyanotoxins from HABs presentrisks todrinking water and recreation uses, a problem recognizedas increasing in
Ohio and globally (Cheungetal.,2013).1n 2014, cyanotoxins from that summer’s HAB concentrated aroundthe
City of Toledo’s drinking water intake. With treatment technology toaddress cyanotoxins in drinking waternot yet
in place, the cityissued a do not drinkor use advisory thatlasted for three days. The 2011 record-sized bloom was
surpassed in 2015 resultingin that year scoringa 10.5 on whathad been a 1 through 10 scale of the Western Lake
Erie Bloom Severity Index, see Figure 2 (Ohio EPA, 2020a; Wayne etal., 2015).
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Figure 2. Western Lake Erie HAB severity observed since 2002. Adapted from figure by Dr. Rick Stumpf, NOAA National
Centers for Coastal Ocean Science.

The Great Lakes Fisheries Commission-Lake Erie Committee promotes the maintenance of mesotrophic
(moderately enriched) status for the WLEB to maintain the desired carrying capacity for a healthy and diverse fish
community. The WLEB is currently in a eutrophic (more enriched) status.

Due to non-attainmentwithin these Lake Erie assessment units, this projectis carried out todevelop TMDLs as
required by Section 303(d) of the Clean Water Act and the United States Environmental Protection Agency’s Water
Quality Planning and Management Regulations (Title 40 of the Code of Federal Regulations [CFR], Part 130). This
TMDL report, the PMR, identifies sources, pollutanttargets,neededreductions,and recommends implementation
strategies. Specifically, total phosphorus TMDL allocations for the Maumee watershed are developed toaddress all
applicable Lake Erie impairments. This project focuses on reducing the mostbioavailable portion of total
phosphorus, characterized by the parameter dissolved reactive phosphorus (DRP). Table 2 below lists the Lake



Erie assessment units addressed by this project, showing their associated causes ofimpairment and the actions

taken to address those impairments. Ohio EPA has assigned a high priority for TMDL development to these
assessment units and impairments (Ohio EPA, 2020a).

Table 2. Summary of impairments in Lake Erie and methods used to address impairments in the Maumee Watershed

Nutrient TMDL.
Lake Erie . Narrative Description Cagsg sofh:npawment Action Taken
Assessment Unit (Beneficial use in parentheses)
Algae (Recreation use)
WLEB Sh li . 1.
041202000201 oreine Algae: Cyanotoxins (Public drinking water use)
(£3 meters depth) hed
Nutrients (Aquaticlife use) Maumee Watershe
Nutrient TMDL: Total
Algae (Recreation use
041202000301 | WLEBOpen Water gae( ) phosphorus
(>3 meters depth) Algae: Cyanotoxins (Public drinking wateruse) | allocations witha
- focuson DRP
Algae (Recreation use) reductions
Lake Erie Islands Shoreline . T ’
041202000101 (<3 meters depth) Algae: Cyanotoxins (Public drinking water use)
Nutrients (Aquaticlife use)

More details of the impaired assessment units and Maumee watershed area are providedin the report, Loading
Analysis Plan and Supporting Data Acquisition Needed for the Maumee Watershed Nutrient Total Maximum Daily
Load Development (Ohio EPA, 2022).

Several existing reports describe the overall natural and human characteristics of Lake Erie and its major
tributaries, includingthe Maumee River.The Ohio Lake Erie Commission (OLEC) oversees the Lake Erie Quality
Index that describesthe ecological, economic, and perceived condition of Ohio’s portion of Lake Erie (OLEC, in
preparation). The U.S. and Canadian binational Lake Erie managementrecommendation reports also outline

characteristicsummaries (Lake Erie Lakewide Management Plan, 2011; Great Lakes Water Quality Agreement
Nutrients AnnexSubcommittee, 2019; and Environment and Climate Change Canada and U.S. EPA, 2021).

Ohio EPA plans to continue utilizing the TMDL tool to target near-field implementation in Ohio’s Maumee
watershed as it works to meet the far-field phosphorus targets and allocations. Ohio has six approved TMDL
reports for subwatersheds in the Maumee watershedbasin. Additional details on these TMDL reports can be found
in Appendix 4 ofthis report. Ohio EPA will continue to develop near-field TMDL reports where necessary in the
Maumee watershed.

2. Phosphorus in the Maumee River Watershed

This section explores the overall understanding of phosphorus in the Maumee watershed. It starts with discussion
thatlinks phosphorusasa pollutant tothe HABs (section 2.1). This explains why phosphorus reductions are
required toaddress the HAB impairments in western Lake Erie. A comprehensive source assessment follows (2.2)
which opens with an explanation of the overall phosphorus trends that facilitated the existing western Lake Erie
seasonal HABs. The source assessment is then broken down into four components: nonpoint source (2.2.1), point
source (2.2.2), household sewage treatment (2.2.3), and instream processes (2.2.4). The nonpoint and point source
components are further subdivided by detailed sources toadequately cover the breadth of information. All source
assessments documentrelevantresearchand available information regarding the nature of that source’s
phosphorus delivery mechanisms and its prevalence in the Maumee watershed. A critical source areas (2.3)
discussion looks at the heterogeneity of phosphorus delivered throughoutthe Maumee watershed. Thisis



organized by examining different efforts with the intent to study and/or manage phosphorus throughout the
Maumee watershed.Finally, this section presents a summary of phosphorus in the Maumee watershed (2.4).

2.1. Linking phosphorus to impairment

Both the recreation and public drinking water uses of the Lake Erie assessment units addressed by this TMDL are
impaired due to HAB events. The recreation impairmentis driven by analyses of the size of HAB blooms with
various timing considerations (Ohio EPA, 2020a).

The binational U.S.and Canadian GreatLakes Water Quality Agreement (GLWQA) includes 10-issue specific
annexes, including Annex 4: Nutrients (herein referred toas Annex 4). Annex 4 convened an Objectives and
Targets Task Team in 2013 to determine how to meet Lake Erie objectives impacted by nutrients as outlined in the
GLWQA’s 2012 amendment. This group recommendedreduction of all available forms of phosphorus tomeet HAB
ecosystem objectives. Phosphorus targets to achieve the objective were expressed as both total phosphorus and
DRP delivered to Lake Erie during the “springloading period” of March 1 through July 31 each year (Annex 4,
2015).Iftargetloads are achieved, the sizes of WLEB HABs are expected tobe less than or equal to size of the
blooms observed in 2004 or 2012. Those are considered years with mild, acceptable-sized blooms. The targets
consider annual variability in streamflow and are expected tobe metin 9 out of 10 years.

Ohio EPA’s Lake Erie HAB recreation assessmentmethodology was developed toadhere tothe Annex 4 western
Lake Erie HAB objective. When Annex 4 WLEB HAB size objectives are met, Ohio will be able toremove, or “delist,”
therecreation impairment status. The Annex 4 phosphorus-reduction targets are therefore directly applicableto
therecreation impairment.

Publicdrinking water use impairments are based on the occurrence and concentration of cyanotoxins at public
drinking water supply intakesand/or finished drinkingwater (Ohio EPA, 2020a). The Loading Analysis Plan
prepared for this projectidentified that these impairments can be removed when Annex 4 HAB objective
conditions occur (Ohio EPA, 2022). The Annex 4 phosphorus-reduction targets are therefore directly applicable to
the publicdrinking water use impairments as well.

The WLEB and Lake Erie Islands shoreline assessment units are alsolisted as impaired for aquaticlife use due to
nutrients. The Lake Erie Western Basin Open Water assessment unitis currently not assessed for aquaticlife use.
The Great Lakes Fisheries Commission-Lake Erie Committee evaluated the impactofthe Annex 4 phosphorus-
reduction targets on the lake’s trophic status (Annex 4, 2015). The Lake Erie Committee promotes the maintenance
of the mesotrophic status of the WLEB to maintain the desired carrying capacity for a healthy and diverse fish
community. The concentrations expected to maintainthat statusare in the 10-15 pg/L range. The lake models used
by the Annex 4 task team that developed the targets documentfound the change in concentration in the WLEB at
the proposed 40 percent reduction would result in reduction of the average concentration from 19 ug/L (2008
conditions)to 12-15 pg/L. These reductions move the lake from eutrophicto mesotrophic conditions and facilitate

a healthy aquatic community. Because of this, the TMDLs for recreation use impairments due toalgae will also
directly address the aquaticlife use impairments associated with nutrients.

Because the Annex 4 objectives will address all three impaired beneficial uses,the Annex 4 targets will be used to
create one set of phosphorus allocations. No distinctimplementation or reduction actions will be specifically
recommended for any single beneficial use. When thesepollutantreductions occur and targets are met, Ohio EPA

expects these beneficial uses toattain Ohio’s water quality standards, and the impairments will be delisted from
the state’s 303(d) list.



2.2. Source assessment of phosphorus —in total and dissolved reactive forms

Source assessmentisused ina TMDL project toidentify and characterize pollutant sources by type, magnitude,and
location (US EPA, 1999a). This TMDL’s source assessment leverages an extensive amountof water quality
observations and studies that have taken place in the Maumee watershed. [tisintendedtobe a very robust
examination that providesa strong basis for pollutant-reduction implementation recommendations.

Active research, noted throughoutthis section, is expected toresultin refinements to this understanding.

Examining phosphorus movement processesand emerging science provides input for the TMDL’s adaptive
management cycle to inform modifications toimplementation recommendations as needed.

Tributary water quality monitoringis a key component tounderstandingsources of phosphorus in the Maumee
watershed. Itis the foundation of most of the research discussed in this detailed assessment. Monitoring of the
Maumee River near Waterville, Ohio, which has occurred since 1975 by the National Center for Water Quality
Research at Heidelberg University (NCWQR), providesinsight into what has changed over time. This locationis 23
river miles upstream ofthe Maumee Bay (shown on Figure 3). This point is the farthest downstream regular
monitoring location before the river becomes backwatered from Lake Erie.
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Figure 3. Maumee River watershed map showing generalized land uses. The Waterville monitoring station is located
with a gray dot. The part of the watershed draining to the Waterville monitoring station is highlighted as a yellow line.

Sample collection is automated at thislocation with betweenone and three samples analyzed every day for several
nutrient parameters and suspended sediments. These data are tied to the nearby United States Geological Survey
(USGS) continuous streamflow gage at Waterville. With this wealth of sampling data, relatively straightforward

analytical methods are carried out to calculate daily loads and flow-weighted mean concentrations (FWMCs)
(NCWQR, 2022).



Of allits tributaries,the Maumee watershed contributes the greatesttotal phosphorus and DRP load to Lake Erie
(Koltun,2021; Maccoux etal., 2016). Figure 4 shows the Maumee watershed and its average total phosphorusload
in relation to other Lake Erie watersheds. The Maumee delivers more than three and a halftimes as much
phosphorus as the second greatest exporting watershed, the Sandusky River (Maccoux etal., 2016). Draining 6,570
square miles, the Maumee is the largest watershedto Lake Erie and is the largest river network drainage basin in
all the greatlakes (ODNR, 2018).
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Figure 4. Lake Erie major watersheds divided into contributing basins by color. The barchart on the left sorts
watersheds by average (2009-2019) annual total phosphorus export. Source: Annex 4, 202 1.

While its size certainly plays arole in the amount of exported load, elevated phosphorus concentrations show that
the Maumee, and other WLEB tributaries, contribute more nutrientsper unit area than other watersheds. For
example, OLEC’s annual water monitoring factsheetshows phosphorus FWMCs of the Maumee, Portage and
Sandusky regularly greater than the Cuyahoga and Huron (OLEC, 2020a).

Interannualvariability in phosphorusloads and concentrations are stronglyinfluenced by the amount of
streamflow in the Maumee River. A recent paper used flow-normalization techniques to evaluate nutrient trends
over time at the Maumee River Waterville sampling location from 1982 through 2018 (Rowland etal.,2021). Flow-
normalization minimizes the effect of flow variability when interpreting trends in concentration and loads. Figure
5 shows the concentration and load annual results and trends for total phosphorusand DRP over the last several
decades with the flow-normalized trend overlaying the data. Note Rowland etal., 2021 uses soluble reactive
phosphorusinstead of DRP; however, these parameters are essentially equivalent with only minor differences in
analytical technique. The paperreportsasteady and gradual decrease in total phosphorus over this time, whereas
the DRP trend is more variable. The Maumee River initially shows a DRP reduction through the 1980s and then a
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stable, lower annual export throughthe early 1990s. DRP then increased for about a decade and has stabilized at

an elevated level since 2006.
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Figure 5. Total phosphorus (left) and DRP (right) water year annual concentrations (upper) andloads (lower) observed in
the Maumee River at the Waterville monitoring station. In concentration figures, the orange filled circles are flow-weighted
mean and purple filled are time-weighted. In load figures, the blue filled circles are actual observedloads. The circles with
lighter colored fill in all figures are flow-normalized concentrationorloads. Adapted from Rowlandetal., 2021.

The timing of this DRP increases corresponds to the increase of the WLEB HABs discussed in the previous
subsection. It is this elevated DRP export that the Maumee Watershed Nutrient TMDL project intends toremediate.
The remainder ofthis subsection will examine the sources of phosphorus within the Maumee watershed.

Ohio EPA’s Nutrient Mass Balance project provides a biennial nutrientanalyses of the state’s major tributaries
(Ohio EPA, 2020b). The monitoring results from the NCWQR are used, with the Waterville sampling station
employed for the Maumee’s watershed assessment. In these analyses, the monitoring station locations are called
“pour points.” Various methods are used to calculate the loads from the watershed that are added between the
pour point and the mouth of the river so that this area can be included in the analyses.

The Ohio EPA’s Nutrient Mass Balance study assigns total phosphorusloads tothree coarse source categories:

e National Pollutant Discharge Elimination System (NPDES) - Discharging point sources that are covered by
individual NPDES permits make up the NPDES load. This source consists mostly of effluent from public
wastewater treatment plants. These loads are determined based on compiling the individual plants’ self-
monitoring of their effluent data. Loads from combined sewer overflows are alsoincluded in the NDPES
category. Note that permitted stormwater is notincluded in the NPDES category of Ohio EPA’s Nutrient
Mass Balance work; instead, it is grouped with nonpoint sources. How permitted stormwater is
characterized in this TMDL is further addressed in this source assessment.

o Homesewage treatmentsystems (HSTS) - Loads from HSTS are calculated based on unsewered population

and various levels of treatment performance.



e Nonpointsources (NPS) - The remainingload is attributed, or balanced, to nonpoint sources.

Ohio EPA’s 2020 Nutrient Mass Balancereport included an analysis of the springloading season for WLEB
tributaries. Figure 6 shows the Maumee’s total phosphorus spring load broken down by the major source
categories for the mostrecent 7 years (Ohio EPA, 2020b). Nonpoint source loads contribute the vast majority of
total phosphorusload to the Maumee, 92 percent on average in the last 5 years. The NPDES and HSTS load
contributed an average 6 percentand 2 percent ofthe spring total phosphorusload, respectively. The Nutrient
Mass Balance determined that 79 percent of the land upstream of the Waterville pour point is used for agricultural
production; thisis evident on the map in Figure 3 above. Detailed analyses thatlinksland uses toload
contributions are presentedin the next three subsections divided by the three major source categories: nonpoint
source, NPDES, and HSTS.
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Figure 6. Maumee Rivertotal phosphorus loads for spring loading seasons in 2013-2019 broken out by Ohio EPA
Nutrient Mass Balance major source categories. Note that the NPDES load in this work only includes the non-
stormwater individualpermitted load. For comparison with the Annex 4 reduction targets baseline the 2008 spring
season total load is also shown. From Ohio EPA, 2020b, AppendixA.

Process models, like the Soil and Water Assessment Tool (SWAT) provide an effective means to simulate pollutant
movementin awatershed. SWAT is designed to simulate agricultural watersheds,allowing the model developers
to incorporate detailed agronomicand conservation practices. Nutrients applied as fertilizers and existing in soils
are accounted for in detail. They are removed with crops, discharged to waterways, or remain on fields for the next
season. All additional nutrientexports in a watershed, including from point sources and HSTS, are incorporated in
SWAT modeling. Precipitation input data drives the movementof water and pollutants, whichincludes careful
understanding of evapotranspiration, surface runoff, tile discharge, and groundwater storage. Phosphorus is
divided intoinorganic and mineral pools with several subdivisions throughout SWAT’s modeled processes. These
two major categories of phosphorus remain discrete at streamoutlets (Neitschetal., 2011). SWAT is therefore a
useful tool in understandingthe magnitude of existing sources of total phosphorusand DRP in a watershed.

SWAT models have been developed for the entire Maumee River watershed with high levels of detail (Kalcicetal.,
2016; Scaviaetal.,, 2017, Apostel etal.,, 2021). Academic efforts in the Maumee watershed have improved the
baseline spatial resolution of SWAT models, even to the field scale. This work better represents tile drainage,



nutrient soil stratification, and many other factors (Apostel etal.,2021). The sources of exported nutrients
includinglegacy soil phosphorus and manure as a fertilizer have been described usingSWAT outputs (Kastetal.,,
2019; Kastetal., 2021). SWAT hasbeen used in addressing uncertainties in identifying pollutant critical source
areas (Evenson et al., 2021) and the time lag in legacy phosphorus reductions (Muenich, etal., 2016).

These improved models have been used to consider various best management practices (BMPs) to meet the
Annex 4 targets discussed in thisreport. Some of these studies used multiple SWAT models (a method known as
“ensemble modeling”) to utilize the strength of various model parameterization choices in estimating the certainty
of success for various BMP scenarios (Kalcicet al., 2016; Scaviaetal.,,2017; Martinetal., 2021).

The baseline, or existing conditions, results of SWAT modeling will be presented throughoutthis assessment
evaluating existingsources of phosphorus. Content from all peer-reviewed research noted above will be included.
However, the Kastetal. (2021) study is the most important to this analysis as this work specifically focuses on
source contributions of phosphorusloads from the Maumee watershed. Source contribution results from this study
are summarized for the same March through July “springloading period” applicable to this TMDL project. This
work used a SWAT model calibrated tothe data from 2005-2015 at the Watervillesampling location. A validation
was carried out using data from 2000-2004. Calibration and validation statistics summarized by both monthly and
daily time periods were found to be satisfactory.

SWAT modeling advancements are ongoing, concurrent with this TMDL’s development A project in the Maumee
watershed isbeing carried out by The Ohio State University (OSU), University of Wisconsin, and University of
Toledo to directly assess the state of Ohio’s H20hio BMP programs (HABRI/H20hio, 2020-2021). This project also
intends touse remote sensing algorithms toimprove model inputs of existing conservation practices for the
baseline simulation. Additional ongoing studies are working toimprove SWAT in-stream phosphorus cycling and
how legacy phosphorusis modeled (HABRI, 2019;NRCS, 2021, respectively). The results of this work will be
valuable to Ohio’s adaptive implementation of this TMDL and help further refine this source assessment. In
addition todiscussions throughout this source assessment, Appendix 2 presents a detailed review of SWAT
research in the Maumee.

2.2.1. Nonpoint sources of phosphorus

Recentresearch hasevaluated why DRP increased from alow in the mid-1990s to causing thelake’s current annual
HABs.In 2015, researchers from the United States Department of Agriculture’s (USDA’s) Agricultural Research
Service (ARS) outlined alist of 25 “theories” about the cause of this increase (Smithetal., 2015). These theories
include awide range ofhypotheses,including changesto agriculturallands or management practices, climate change,
and invasive species. They note thatmultiple factors and their interactions are mostlikely driving the changes seenin

the system. Nearly all these theories involve nonpoint sources of DRP. This section explores these nonpoint sources
and considers how theymany have contributed to the increase in DRP in the Maumee watershed.

Figure 6 showsthat nonpoint source loads vary substantially from year toyear. Guoetal. (2021) analyzed the
magnitude of nutrient export during the springloading season in the Maumee watershed.Figure 7 shows this
relationship by plottingloading season Maumee DRP and particulate phosphorusloads against season streamflow
discharge. (Particulate phosphorusis the portion of phosphorus attached to particles in the water; the sum of DRP
and particulate phosphorusis total phosphorus.) This work shows thatload-streamflow relationship measuredin
the Maumee River has been consistent since 2002. This reflects the fact that nonpoint sources are tightly linked to
precipitation and the resulting streamflow.
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Figure 8 also shows the relationship between discharge and spring season DRP load illustrating how this trend
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differed between the 1983-1999 and 2000-2021 timeframes. The 2000-2021 timeframe shows both higherspring
discharge events and higher DRP concentrations relative tothe 1983-1999 timeframe.
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With the overall knowledge that the movementof water drives pollutants from nonpoint sources to the stream
network, and ultimately to Lake Erie, the different types of nonpoint sources of phosphorusin the Maumee

watershed are now discussed.
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2.2.1.1. Row crop fertilizer sources: commercial and manure

Fertilizeruse

Row crops predominate the land use in the Maumee watershed. Corn and soybean production withsome rotations
of wheat occurson 70 percent of the watershed’s agriculturalland area (Kalcicet al., 2016). Other crops, such as
alfalfa, hay, and vegetables are presentbutless common. Row crop agriculture requires certain concentrations of
phosphorusin the soil to achieve expected crop yields. Phosphorus fertilization, along with nitrogen and
potassium, is often needed to maintain adequate soil concentrations.Many agronomic factors are considered when
determining fertilization farm managementdecisions, such as the type and amount of fertilizer used. Many
environmental factors come into play dictating if phosphorus used as fertilizer ends up being exported off crop
land to the Maumee watershed stream networkand eventually to Lake Erie. This subsection explores these
considerations and their implications for phosphorus export from fertilizer use.

Two major categories of row crop phosphorus fertilizer are used: commercial (sometimes referredtoas chemical
or inorganic) and organic. Commercial phosphorus fertilizers are typically made by convertingmineral rock
phosphate tophosphoricacid and then undergoing further chemical refinement. The resultingtypes of commercial

fertilizers have varying concentrations of phosphate (the biologically available form of phosphorus) for crop
uptake. The major categories are superphosphate, monoammonium phosphate, and diammonium phosphate.

Organicfertilizers consist of manure, composts, and biosolids. The use of manure is by far the leading organic
fertilizer in the Maumee watershed. Therefore, manure is the focus of organic fertilizer use in this source
assessment. Chemical analyses are required tounderstand the available phosphorus contentfrom different

manure sources. The rate of decomposition of organic fertilizers in the field must alsobe understood. This allows
producerstodetermine manure application rates thatare equivalentto commercial fertilizers.

The rate of phosphorus fertilizer applied to fields in the Maumee watershedis generally determined by the Tri-

State Recommendations (Culmanetal., 2020). Figure 9 shows the conceptual framework for phosphorus fertilizer
recommendations. These recommendations were revised in 2020 with the following updates:

e (ritical levels were updatedtoreflect a shift to the new default Mehlich-3 extractant. Levels were
practically unchangedbut the Mehlich-3 extractant typically yields a 35 percent highersoil test phosphorus
than the Bray P1 extractant.

e Thenew standard identified the build-up range is recommended, recognizing thateconomic or soil specific
factors may influence application decisions.

o Thenew standard removes the recommendation to apply phosphorus while excess soil phosphorus is
drawn down to the maintenancelimit.

e Updatedthe crop removal ratestoreflecta decrease in the removal rates per bushel of grain.

e Thecriticallevel for phosphorusis 20 parts per million (ppm) with the maintenancelimitis 40 ppm (30
ppm and 50 ppm, respectively, if wheatisin the rotation).

The timing of application for both manure and commercial fertilizeris dependenton cropping system and field
conditions. Precipitation or poor drainage can resultin soil moisture levels that preventthe farmer from operating
equipmentin the field. Proper timing of fertilizer application is alsoimportant to minimize risk of loss due to
runoff or erosion.
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Figure 9. Figure shows the conceptual framework for fertilizer applications. From Culmanetal. 2020.

Commercial phosphorus fertilizer is typically applied after harvestin the fall or in the spring before planting. Itis
often applied in a formulation that includes nitrogen, such as monoammonium phosphate or diammonium
phosphate. Fertilizer may be appliedacross a field at a flatrate, or ata variable rate based on grid or zonal soil
tests. Surface broadcasting fertilizer is common, but fertilizer on the soil surface is vulnerable to runoff.

Incorporating the fertilizer into the soil can reduce the risk of loss. Fertilizer incorporation can be done through
tillage, which works the fertilizer into the soil, or by applying the fertilizer subsurfaceusing specialized equipment.

Manure is often applied in the late summer or fall post-harvestbutmaybe applied in the springiffield conditions
allow or if needed for a growing crop. Runoff risk can be reduced by injecting manure directly into the soil or
incorporating it using tillage. Manure applications should follow the Ohio USDA Natural Resources Conservation
Service (NRCS) Nutrient ManagementPractice Standard (Code 590) (USDA, 2020).

Oversight of manure application and commercialfertilizer is provided by the Ohio Department of Agriculture
(ODA). This authority is divided between three ODA divisions:

e The ODA Division of Livestock Environmental Permitting (DLEP) has regulatory authority over Ohio’s

largest livestockand poultry operations, specifically animal feedingfacilities required tohave a permit
under Ohio Revised Code Chapter 903.

DLEP is charged with regulating the construction and operation of Ohio’s largestlivestockand poultry
facilities using science-based guidelines thatprotect the environmentwhile allowing the facility tobe
productive. DLEP rules regulatehow Ohio's largest livestock and poultry farms manage manure,
wastewater, and nutrients, as well as control flies, rodents, and other pests. Permitted facilities, known as
Concentrated Animal Feeding Facilities (CAFFs), are designed to have zero discharge of pollutants into
waters of the state from the production area.

The Livestock Management Certification program assures that managers and manure applicatorsreceive
training and are informed about utilizingmanureaccording to regulations and best practices.

o The ODA Division of Soil and Water Conservation (DSWC) has regulatory authority over manure
application from most agricultural operations in Ohio, specifically those that donot possessa permitissued
under Chapter 903 or division (J) of section 6111.03 ofthe Revised Code. The DSWC establishes a set of
standards for managementand conservation practices in farming and animal feeding operations toreduce
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pollution of waters of the state by soil sediment, animal manure, and residual farm products. This authority
is granted through Ohio Revised Code Chapter 939.

Enforcement of DSWC regulations is typically performedthrough a complaintprocess. [fthe DSWC receives
a complaint alleging thatan agricultural operation is not in compliance with these standards, then the
Division will investigate. [fthe DSWC determines that the agricultural operation is in violation of the law,
then the Division will seek to find a cooperative solution toreturn the operation to compliance. ODA may
require corrective actions. Ifthese corrective actions are not completed, ODA has the authority toissue a
civil penalty of up to $10,000 per violation per day.

ODA has entered into agreements with local soil and water conservation districts (SWCDs) toimplement
theserules. These agreements give the SWCDs authority to investigate complaints, identify violations, and
require corrective actions. SWCDs also assist ODA by providinglandowners and farm operators with
technical assistance, advice, expertise, and information about the level of conservation necessary to comply
with the rulesand standards.

o The ODA Division of Plant Health has some regulatory authority over commercial fertilizer application. This
Division overseesthe licensing program for the manufacture or distribute commerecial fertilizerin Ohio,
including collecting annual tonnage reports for fertilizer sales. Plant Health alsoruns the Agricultural
Fertilizer Applicator certification program. After September30,2017,any individualin Ohiowhoapplies or
supervises the application ofa commercial fertilizer to more than 50 acres of agricultural production
grown primarily for sale is required tobe certified by ODA under the rules in Ohio Administrative Code
(OAC) 901:5-4-02.Since 2017, more than 16,000 fertilizer applicators have received training throughthis
program.

On January 1, 2016, additional Ohio statutes came into effect restricting the application of manure and commercial
fertilizer in the WLEB in Ohio. (The WLEB isdefined by Ohio Revised Code 905.326 and is composed of 11
hydrologicunits (HUC-8). The Maumee watershedin Ohiois completely within the WesternBasin in Ohio.) These
statutes, Ohio Revised Code 905.326 and 939.08, are colloquially referred to by their introducedlegislation: Senate

Bill 1. For applications of manure or fertilizer (defined as nitrogen or phosphorus) in the Western Basin, a person
may not apply:

e On snow-covered or frozen soil;

e Whenthetop two inches of soil are saturated from precipitation;

e Whenthelocal weather forecast prediction for the application area contains greater thana 50 percent
chance of precipitation exceedingone inch in a 12-hour period for granular commercial fertilizer, or one-
halfinch in a 24-hour period for manure.

These requirements donotapply if the manure or commercial fertilizer is injected into the ground, incorporated
within 24 hours of surface application, or applied toa growing crop. In the event of an emergency, manure can be

applied in accordance with the Ohio USDA NRCS Nutrient Management Practice Standard (Code 590) with written
consent from the director of the ODA.

Commercial fertilizer sales can be used to determine the amount of commercial fertilizer applied toa given
watershed. A study sponsored by the International Joint Commission (IJC) found commercial fertilizer tobe
responsible for 81 percent of fertilizer phosphorus applied tothe United States portion ofthe WLEB’s watersheds’
croplandsin2006-2007 (IJC, 2018). That worknoted commercial fertilizer use declining as more livestock
operations concentrated theirfeeding operations. Moving livestock out of pastures results in more manure
available for fertilization of cropland. This shift has brought attention to the number of livestock present in the
Maumee watershed and the managementof manure.
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In2021,0DA inventoried livestockin the Maumee watershedin Ohioand evaluated population trends for recent
years. Details of this analysis are included in Appendix 1. Figure 10 shows an estimated 88 percentincrease of
animal units from 2002 to 2017 in the Maumee watershed. However, this came after a decreasethat bottomed out
in the early 2000s, as shown in Figure 11. The analysis estimates that 5,100 metric tons (MT) of manure
phosphorus were produced in the Maumee watershedin Ohioin 2017. Combining that estimate withan estimate

of crop removal shows that manure phosphorus produced supplies approximately 22 percent of the crop need in
the Maumee watershed in Ohio.
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Figure 10. ODA’s estimate of animal unit capacity based on a combination of USDA’s Census of Agriculture and ODA’s
Division of Livestock Environmental Permitting numbers.
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Figure 11. Capacity for cattle and hog animal units in the Maumee watershed have recently been trending upward
based on ODA’s analysis of the USDA Census of Agriculture.

As manure phosphorus production has increased in the watershed, the use of commercial fertilizer has decreased
proportionally. Thisrepresentsa shift in the relative contributions of fertilizer types ratherthan anincrease in
phosphorusapplication (EWG, 2019). Understanding the specific management of manure fertilizeris an important
consideration for this source assessment.

Kastetal. (2019) examined concentrated animal feeding operation (CAFO)/CAFF manure management in the
Maumee watershed.The authors found 79 percent of acres under control of CAFO/CAFFsthatreceive manure had
Bray <50 ppm. However, that paper described the management ofabout 80 percent ofthe Maumee’s manure

phosphorusstill represented a “knowledge gap” due to CAFO/CAFF manure transfers and non-permitted livestock
operations. Workis underway toaddress this knowledge gap using publicly available data.

Inan effortyet to be published, the Environmental Working Group (EWG) has modified NRCS’ Agricultural
Conservation Practice Framework toolbox toidentify agricultural fields that are more likely to use manure as a
nutrient source throughout the WLEB’s HUC-12 watersheds. Farm-scale accounting of manure production is
estimated throughout the watershed using this tool. This includes analyses of permitted CAFO/CAFF data,detailed
review of aerial imagery toindicate locations and capacities of non-permitted facilities, and quality control
activities such as comparisons with USDA Census of Agriculture.

The purpose of the EWG research is to evaluate the spatial distribution of manure production and row crop fields
throughout WLEB’s watersheds and determinewhether and wherefields are at risk for over application of
manure. This involves analyzing the proximity of application of manure from each livestock operation following
published methods used elsewhere (Porter and James, 2020). When results of this work are published, Ohio state
agencies will consider strategies torecommend for implementation thatwill continue to support beneficial use of

15



the manure. Thisincludes selling manure as a commodity, especially chicken litter, and other technology and
practices used in cost effectively transportingmanurebeyond fields at risk of over application.

Fertilizer contribution to phosphorus pollution

Phosphorus from fertilizer entering streamnetworks is inadvertent butdoes occur, often described as phosphorus
loss. Arobust metanalysis of research studies on this subject with authors from USDA’s ARS found that generally
lessthan 2 percent ofapplied phosphorusislost from fields (Christianson et al., 2016). This environmental
externality is economically costly to agricultural producers. [t is therefore beneficial for all interests to mitigate
phosphorusloss. Producers aim tominimize these costs while maintaining agronomicyield expectations. Many

additional agricultural BMPs exist to address the risk of fertilizer phosphorus pollution. These are outlined in the
implementation framework of this report.

Fertilizer, both commercialand manure, is at times directly discharged to streams.Direct discharges of these
sources are unacceptable according to federal and state regulations (see Ohio Revised Code Section 6111.04and
0AC901:13-1,0AC901:5,0AC901:10-1-10). Unpermitted livestock operations thatare found tohave a discharge
of manure, or other waste products, are required to eliminate the discharge and may be required to pay a penalty
and to obtain a permit from Ohio EPA and/or ODA to ensure that future discharges donot occur. When direct
discharge events do occur, management actions are taken to eliminate the source. While detrimental to the aquatic

life of receiving streams duringan episode (i.e., the near-field), direct discharges thathave occurred represent a
negligible proportion of the Maumee’s overall seasonal far-field phosphorusload.

Like all nonpoint source pollutants, fertilizer phosphorus loss from fields is driven by the movement of water.
Large, infrequentprecipitation events are known todrive most of phosphorus exported from the Maumee
watershed. Baker etal. (2014a) calculated 76 and 86 percent ofthe DRP and particulate phosphorus, respectively,
is exported at high stream flows (i.e., during the 20 percent of the time with the highest flows). These high
precipitation, high stream flow events can overwhelm measures taken to avoid fertilizer phosphorusloss and
make them less effective. Phosphorus from fertilizer is washed off fields and delivered to streams via runoffand
subsurface tile drainage. Phosphorus can be attached to soil, or other particles, in the particulate form or in the
dissolved form most often monitored as DRP (Christianson etal., 2016). Phosphorus stored in soils that is naturally
occurring and/or from prior crop fertilization (i.e., legacy phosphorus)is discussed in Section 2.2.1.2 below.

Manure overapplication near CAFOs/CAFFs may lead tolocal critical source areas, or hot spots, where phosphorus
is accumulated in soil over agronomicneedsleading to greater exportrisk. Studieshave shown manure
overapplication can occur due to applications on soils with already elevated available phosphorusand by over
estimating crop yield/nutrient removal (Longetal., 2018). Kastetal. (2019) did not find evidence that this was
widespread in fields under control by CAFOs/CAFFs in the Maumee watershed. Soil phosphorus data for fields not
under the control of CAFO/CAFF operations donotreport soil test phosphorus to Ohio state agencies. An
examination of what is known about these critical source areasis presented laterin Section 2.3.

Another process affecting nutrient movement from fertilizerapplications is preferential flow, where soil cracks,
earthworm burrows, and other soil fissures can lead torapid transport to tile drains. This pathway exists for all
applied nutrients. Incidences of manure discharges have been documented tobe more prevalent with liquid waste
from swine and dairy operations (Hoorman and Shipitalo, 2006). Current nutrientmanagement standards as well
as state law and administrative codes have incorporatedrequirements toreduce the risk of these discharge events.
Consequently, wherethey do occur the parties are often liable for civil penalties and damages. These requirements
include many of those that have been recommended by this and other studies to prevent the discharge of manure
through tile lines, including tillage to disrupt macropores, blocking tile lines to prevent discharge, limiting the
volume of liquid waste that can be applied, prohibitions for snow covered/frozen ground, restrictions on soil water

16



content, and more. As discussed above, these discharges do occur and cause local disturbances butare a small
contribution tothe overall load when compared to other sources.

Manure fertilizer form and application methods play arole in phosphorusloss. Surface broadcasting of liquid
manure with nosoil incorporation has been found to have higher total phosphorus and DRP export rates compared

to other methods (Veith etal.,2011). Several studies have shown that the greater amountofwater-soluble
phosphorus content in manure fertilizer the greater theamount of DRP export (summarized in LimnoTech,2017).

Using monitoring data collected at “irregular intervals” and for a different purpose, Walleretal. (2021) found small
surface water total phosphorus concentration increases in two out of three Wisconsin watersheds downstream of
large, confined livestock operations (a companion paper to this work included an economic analysis (Raffand
Meyer, 2022)). The critical source analysis in Section 2.3 of this report examines phosphorus concentrations and
loads from continuous monitoring throughoutthe Maumee watershed.

In other studies, manure as a fertilizer has been documented toincrease soil organic matter promotinginfiltration
and thusreducing phosphorusloss (IJC, 2018). Another metanalysis of research studies on phosphorusloss from
agricultural fields found no significant difference in range of total phosphorus and DRP export from commercial
versus organic (manure) fertilizer applications, although the authors noted the sample size of comparable studies
was not robust (Christianson etal., 2016).

A countylevel study examined soil test phosphorus and farm soils phosphorus balance trends throughout Ohio
(Dayton etal.2020). This work found that from 1987 to 2014, 84 percent of Ohio counties had a negative
phosphorusbalance which indicates that phosphorus outputs exceed inputs. All but two counties that drainto the
Maumee watershed, Mercer and Lucas, were found to have a negative balance. This paper suggests that decreasing

phosphorusinputs and management of soil phosphorus content sets the stage for reduced phosphorus export to
streams.

A recent fertilizer study by the ODA shows a decreasing trend in nitrogen and phosphorus fertilizer sales in the
Maumee River Basin since 2008. The study evaluated fertilizer salesin the Maumee River Watershed, using annual
statistics which are regularly tracked by ODA’s Plant Health Division. Those statistics show a 15-20 percent
decreasein fertilizer sales from 2008-2020 (Figure 12). The relationshipbetween fertilizer sales and crop removal
was also examined. Crop removal estimates for corn, wheat, and soybeans in the Maumee basin were calculated
using National Agricultural Statistics Service data and crop removal rates from the Tri-Statefertilizer guide. These
data showed crop removal increasing, while fertilizerapplication has decreased (Figure 12).

To further highlight the relationshipfertilizerapplication was examined as aratio to crop removal (Figure 13)it
was consistently below 1.0 with a decreasing trend. This shows that nutrients applied through fertilizers were less
than that removed through crop harvest. If crop removal exceeds fertilizerapplication, over time soil phosphorus
levels will decrease. Aratioabove 1.0 would indicate that phosphoruslevels in the soil would be expected tobuild
up over time.

Commercial fertilizer is the largest source of crop nutrients, but manure also contributes to crop needs. The
combined phosphorus from commerecial fertilizers and manure were graphed as aratioin Figure 14. The combined
phosphorus values were below crop removal in most years and had a similar downward trend to the fertilizer.

In addition to evaluating research using empirically measured data, other modeling efforts offer additional insight
to therole of different fertilizers in phosphorus export.
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Figure 12. Tons of P205 from fertilizer sales, and corn, soybean and wheat crop removal in the Maumee basin from

2008 to 2020.
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Figure 13. The ratio of P205 from fertilizer sales and crop removal. A ratio below 1.0 indicates a net deficit of P205 in
relation to crop needs.
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Figure 14. The ratio of P205 from fertilizer sales + manure, and crop removal. A ratio below 1.0 indicates a net deficit of
P205 in relation to crop needs.

SWAT modeling was used to evaluate the impact of different sources of fertilizer. Commerecial fertilizer contributes
anaverage of 58 and 42 percent ofthe DRP and total phosphorusload, respectively, deliveredtothe Maumee Bay
during the springloading months (Kastetal.,2021). That same study found manure fertilizer contributes 12 and 8
percent of DRP and total phosphorusload, respectively. Ensemble SWAT modeling presented in Martin et al.
(2021) found eliminating manure resulted in 7.7 and 7.2 percent DRP and total phosphorus export reductions,
respectively. Commerecial fertilizeras a source contributed the greatest amountof DRP according to the Kast et al.

(2021)work, and the second most total phosphorus. The largest total phosphorus source contribution was from
soil sources, which are discussed in the next subsection.

Kastetal. (2021) alsoused SWAT to evaluate the impact ofliquid content in manure. SWAT does notinclude
manure liquid content as an input, a potential model weakness thatis overcome by adding anirrigation event
equivalent tothe water content, a practice used in the Kastetal. (2021) model. Toevaluate the impact of manure
liquid content, a sensitivity analysis was performed that eliminated the irrigation eventand found little change to
overall export. In another example, a scenario cut the average initial soil phosphorus concentration by 75 percent,
finding DRP and total phosphorus export wasreduced by 29 and 24 percent, respectively. Whenthe initial soil
phosphorus concentration was doubled, DRP and total phosphorus exportincreased by about 35 and 23 percent,
respectively.

Kastetal. (2021) calculated delivery ratios that determine how much ofthe fertilizer applied torow crops is
exported and delivered to the mouth ofthe Maumee River. Delivery ratios represent the amount applied compared
to the amount transported to Lake Erie. Similar average delivery ratios were found for commercial and manure
fertilizers; around 3 percent for total phosphorus and one percent for DRP. This isin line with the Christianson et
al. (2016) metanalysis that found no export difference between these sources of fertilizer. Other, statistical-based

modeling in the overall Great Lakes region found no statistical difference between commercial and manure
fertilizers export tostreams, both around 2 percent (Robinson etal.,2019).
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The assumptions used todetermine the amountand location of manure applicationinthe 2021 SWAT modeling
paper are built upon work published in Kast et al (2019), some of which is summarized above. Using assumptions
similar tothe EWG project outlined previously, this modeling work considered manure tobe applied toabout 18
percentof crop land at least once every 6 years (see Figure 15). The authors note that if fields receiving manure

fertilizers have greater soil phosphorus than fields receiving commerecial fertilizers, then the contribution of
manure may be underestimated.

I RUs selected to Receive Manure Application P T -

Figure 15. Locations of hydrologic response units (HRUs) chosen to receive manure applications within the watershed.
Approximately 18 percent of the agricultural cropland was selected to receive manure applications at least once every 6
years. From Kastet al., 2021 Supplemental Material.
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A current SWAT modeling project examining H2Ohio practices will continue improving model performance. The
model will incorporate more detailed existing conditions including usingactual soil test phosphorus
concentrations as an input (most models us this as a calibration parameter), and existing BMPs (HABRI/H20hio,
2020-2021).

More information about SWAT modeling in the Maumee can be found in Appendix 2.

Fertilizer'srole in increased DRP to Lake Erie
Examining fertilizer as a source can be used to help understand the increase of DRP the Maumee delivers to Lake

Erie thatstarted in the early 1990s and stabilizedat an elevated level around 2006 (see discussion and Figure 5
above).

As explained above, the number oflivestockand amount of manure fertilizer used in the Maumee watershed has
increased since the early 2000s. This increase occurred abouta decade after DRP increases started. In fact, it
coincides more closely to when DRP loads stabilized, albeit at DRP levels considered unacceptably high. Also
explained above, increased production and usage of manure as a fertilizer has supplanted commercial fertilizers
ratherthan addingtothe total. The amount ofland used for row crops and total mass of phosphorus fertilizer
(commercial plus manure) haslargely remained the same since the 1990s (IJC, 2018). Given this information,
factors other than just the amount of fertilizer (commercial or manure) used must be exploredto explain
increasing DRP loads observed.

AnIJC (2018)reporton fertilizer found some type of conservation tillage has been employedin 63 percent of the
WLEB’s watersheds’ cropland, with adoption largely taking placein the early 1990s. The report notes that
conservation tillage increases the accumulation of phosphorus in the uppermostlayers of soil and promotes more
soil macropores (worm holes). These factors make the phosphorus more available for transport overland and via
subsurface tile drains. Thisis exacerbated by increases in tile drainage in the Maumee watershed, which has grown

to cover atleast 86 percent of agricultural landin the Maumee watershed (LimnoTech, 2017). These changes do
coincide with the observed increase in DRP loads starting in the mid-1990s.

The DRP load in 2019 is highlighted in the Guoetal. (2021) study asitfell well below expectations given the
amount of streamflow discharge thatyear (note the bright red dot on Figure 7 in panel A, several pages above).
Thisload was 29 percentlower than predicted by flow alone, has been explained due toa 62 percentreduction in
applied phosphorus fertilizerthat year (the study consideredboth commercial and manure sources of fertilizer).
The reduction of application occurred in 2019 because the excessively wet conditions resulted in arecord number
of unplanted and unfertilized row crop fields. While a 62 percent reduction in fertilization is incompatible with
sustaining crop yields, the quick, easily observable response to exported DRPloadsin 2019 supportsthe idea that
changingkey agricultural managementpractices will in fact result in changes tonutrient export. [t shows that high
improving fertilization rate, timing, and placementof phosphorus could quickly reduce DRP loads.

Row crop fertilizer (commercial or manure) applied in a given agronomic season is clearly a source of phosphorus
exported tothe Maumee watershed.The changes in agriculture field management,noted above, have increasedthe

mobility of DRP from these fertilizers. However, these changes alsoincrease mobility and export of phosphorus
“left-over” from previous fertilizations. These factors are considered next.

2.2.1.2 Agricultural Soil and Legacy Sources

This discussion provides an overview of agricultural soil and legacy sources tothe Maumee watershed.

Phosphorusis naturally occurring in soils but also can accumulate in soil to higher than natural levelsdue to
agricultural use.
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Soil and Legacy Sources

Various human land uses, particularly cropland tillage and land clearing for development, accelerate soil erosion. [t
is undesirablefor farming tolose the soil from the field. There are also several undesirable environmentalimpacts
when soil enters stream networks. Physically, some ofthe soil becomes sediment that smothers streamhabitatand
fills pool areas. Some of itbecomes suspended solids in the water column which makes the water murky looking
and more difficult for some organisms to function. Chemically, phosphorus is attachedto the soil particlesand can

become suspended in the water column as particulate phosphorus or be separatedin the stream and become
dissolved in the water there.

Agricultural soil conservation tillage efforts and construction stormwater standards have greatly reduced soil
erosion and sediment delivered to streams over many decades. Agricultural tillage is performed to control weeds,
prepare aseedbed, managecrop residue, and increasefertility (by providing a short-term stimulus to soil
microbial activity). Tillage can increase the risk of erosion by breaking apart soil structure and reducing crop
residue. “Conventional tillage” is soil inversion, typically with a moldboard plow, in the fall, winter, or spring,
followed by a disc, harrow or field cultivator. “Minimum tillage” replaces the moldboard plowing with chisel
plowing, discing, or field cultivating. With "No-till", weed control isaccomplished withherbicides and the soil is not
tilled. “Conservation tillage” is an umbrella term thatrefers to either minimum tillage or no-till.

This discussion provides an overview of these soil sources to the Maumee watershed from agricultural land uses.

Sediment exports to Lake Erie tripled from 1935 tothe early 1970s. The [JCis a binational, independent institution
formed to guide U.S.and Canada on developing solutions to protecting the Great Lakes as outlined by the Boundary
Waters Treaty.In 1972, the IJC facilitated the GLWQA where both countries agreed to take actions toaddress
eutrophication issuesin Lake Erie. The export of phosphorus bound tosoil loss was determined the largest source
from agriculturallands and soil conservation practices wereprioritized (as summarized in NRCS,2017).
Additionally, throughthe late 1970sand early 1980s, the U.S. Army Corps of Engineers’ Lake Erie Wastewater
Management Study recommended a managementprogram for agricultural sources of pollution (Logan and Adams,

1981). This study identified conservation tillage as the most cost-effective practice toreduce erosion riskand
improve water quality.

As aresult, conservation efforts in the 1980s were primarily focused on increasing the adoption of conservation
tillage in Northwest Ohio. This effort was considered successful, as the acreage of conservation tillage practices

increased and the particulate phosphorusload to Lake Erie decreased. Conservation tillage was used on roughly 45
percentof cropland in the Maumee watershedby 1995 (NRCS, 2017).

NRCS (2017) documented that by 2012, existingconservation practices on the WLEB’s cultivated croplands were
responsible for an 80 percent decrease in sedimentloss compared toifno practices were in place. Total
phosphoruslossesare 61 percentless thankstothese practices. These pollutant reductions largely addressed

excessive hypoxicand eutrophic conditions in Lake Erie (Michalaketal., 2013; Baker etal.,2014a; Kane etal.,
2014).

The NRCS (2017) study alsodocumented sedimentdepositedin waterways throughoutthe watershed tobe 65
percentreduced due tosoil conservation. This hasimproved the ecological health of the waterways throughoutthe
WLEB. Stream bed sedimentation and embeddednessis highly detrimental toin-stream (near field) aquaticlife
(Henleyetal.,2000). Ohio EPA historically documented sedimentation as the top cause ofimpaired to Ohio
streams’ aquaticlife use. As conservation tillage acculturated, these issues progressively improved. Agricultural
conservation has significantly improved stream impacts due to sedimentation in Ohio (Richards etal., 2009,
Miltner, 2015).
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Ohio EPA recently found the relative abundance of pollution sensitive fish species in the Tiffin River (a Maumee
tributary) more than doubledsince 1992 (Ohio EPA, 2015a). Most notably of these is the state listed eastern sand
darter (Ammocrypta pellucida), a species of concern in Ohio. The eastern sand darter is exceptionally sensitive to
excess silts and flocculent clays that can blanket clean sandy substrates required for feeding and reproduction.
These are the first Ohio EPA records of eastern sand darters in the Tiffin River basin. Historically, the easternsand
darter was widespread throughoutthe Maumee Riverand the lower portions ofits tributaries. But the fish was
nearly eliminatedby the early 1900s due tohabitat degradation and changesin land use practices that accelerated
delivery of silts and clays to river systems (Trautman, 1981). “Drasticimprovements” of instream sediment
impacts have alsobeen documented in St. Joseph River tributary’s watershed compared to the early 1990s (Ohio
EPA,2015b).

While reductions tothe direct export of soils, along with attached phosphorus, was largely considereda success,
changestorow crop managementbrought unintentional consequences. It was noted in the early 1980s that “while
no till can be expected to greatly decrease soil loss on land previously tilled, the main effect on phosphorusloads
will be to significantly decrease the particulate phosphorus with no change or increase in soluble phosphorus”
(Logan and Adams, 1981). This notable observation has important implications on today’s DRP export delivered to
Lake Erie.

Phosphorus contained within soils can leach out generally in the dissolved form, as DRP. In an agricultural setting,
especially at elevated soil phosphorus concentrations, DRP can leave the field in runoff either overland or through

tile or other subsurface drainage. When past fertilization activities cause elevated soil phosphorus concentrations
it is often called “legacy” phosphorus.

Sharpley, etal. (2013) describeslegacy phosphorusas what has accumulated in soils because of prior nutrient
applications and land management. That paperexplains that waterenergy can mobilize particulate phosphorus in
episodicwaves to various accumulation pointsin a watershed. These points can occur on fields, at stream edges, in
stream channels, and all the way to the downstream collection point, such as Lake Erie. Mobilization of dissolved
phosphorus occurs from these accumulations. Various processes drive this mobilization, many of which include
transformations of the form of phosphorus (often referred toas cycling). Details of these cycling processes are
explained in Section 2.2.4 of this section. There are a great many factors that that dictate these processesresulting
in the overall movement oflegacy phosphorus.

The texture of soils has been documented as an importantfactor regulating the movement of soil phosphorus.
Sandy soils have a lower capacity to chemically hold phosphorus and can develop more flow pathways for
dissolved phosphorus export compared to clay, silty, and loamy soils (Sharpley, 2006). Figure 16 shows the
relationship of DRP overland runoffand soil phosphorus for two groups of soils from a central Pennsylvania study.
Note the change points on this figure at certain soil phosphorus concentrations above which DRP runoffincreases.

Sharpley (2006) also documented similar change points for subsurface DRP loss; however, soil texture differences
were notapparent.

Soil typesvary throughout the Maumee watershed. The soil type and texture are important considerations in field-
level nutrient management planning. This is discussed further in the Critical Source Assessment, Section 2.3.
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Figure 16. Relationship between DRP concentrationin surface runoffand top layer soil P. From Sharpley (2006).

Legacy phosphorusis a persistent source of both total phosphorus and DRP tostreams via tile and overland flow in
the Maumee watershed,according toan ARS study published on the relationships oflegacy phosphorus tovarious
factors from 39 northwestern Ohio agricultural fields (Osterholzet al., 2020). Higher available soil phosphorus
resulted in greater total phosphorus and DRP concentrationsin tile and surface runoff. High flow events were
found to drive greater nutrient concentrations in nearly all tile flows studied. The concentration to flow
relationship is not as straightforward in surface runoff due to several factors, including dilution. However, the
authors warn against extrapolating these results, partially because of limited surface runoff observations. Variation
analyses found that tile flow concentrations are not as uniform as surface flow given similar flows. The authors
suggest that this could be due to “activation” of macropores changing the flow pathways tothe tiles before and
during high flow events. Taking all relationships into account, the study suggests that there may be an available soil
test phosphorus “threshold” above which DRP exports increase. This corresponds to the findings outlined in
Sharpley (2006). Therefore, addressing elevated soil phosphorusin the most elevated fields will resultin the
greatest reduction of total phosphorus and DRP export concentrations. Osterholz et al. (2020) concludes by
highlighting the “importance ofidentifying fields withenhancedrisk oflegacy phosphorusloss.”

Edge-of-field studies by the ARS is ongoing in the Maumee watershed to quantify the magnitude and mechanisms
of legacy phosphorus movement (ARS, 2020).

Farm soil data are generally proprietary information making detailed analysis challenging. Research examining
pooled soil data has found that over 5 percent of the soil samplesin the WLEB have available phosphorus
concentrations atlevels greater than 100 mg/kg Mehlich-3 soil test phosphorus (Williams et al., 2015; Dayton et
al.,,2020). Thisis more than two times the level where additional phosphorusis not needed toachieve optimal
yields. OSU has developed a public-private partnershipwith agricultural retailers tobegin to understand the
spatial extent of legacy soil phosphorus in a manner that protects the privacy ofindividual farm data. This effort
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has documented elevated soil phosphorus often occursin zones within fields rather than uniformly across fields

(Brooker etal.,2021). This work also found fields with sandy soils to more frequently have elevated soil
phosphorus.

Soil and legacy sources contributing to phosphorus pollution

As explained in the fertilizer discussion above, the Guoetal. (2021) study highlighted a 29 percentlower than
expected DRP exported load in 2019 (note the bright red dot on Figure 7 in panel A, several pages above). The 62
percentreduction in applied phosphorus fertilizer that year is postulated as the main reason for the observed DRP
reductions. However, because DRP export reduction was less than half of the reduction of applied phosphorus, it
suggests thatlegacy sourceslikely play an importantrole in export from fields. While 2019 was instructional, it
remains uncertain exactly how to quantify the partition of DRP load between seasonally applied sources and legacy
sources in amore typical year.

The understanding oflegacy phosphorus as it moves through stream networks is a subject of active study.
Streambank erosion, especially during high streamflow times, can be an important source of temporarily trapped
legacy phosphorus (Williamson et al.,2021a). The cycling of phosphorus forms in stream channels playsarole in

legacy phosphorus mobility and seems to have implications as to the availability of the phosphorus exported to
Lake Erie. These factors are considered in more detail in the 2.2.4 subsection below.

Recent Maumee watershed modeling suggeststhat soil sources of phosphorus (defined similarly aslegacy
phosphorusin studies above) are contributing on average 18 percent of DRP and 45 percent of total phosphorus
discharged from the watershed (Kastetal., 2021). Thisrepresentsthe greatestsource of total phosphorus and

second greatest source of DRP from this study. Similar toactive fertilizer sources, soil sources were found to
contribute more in wetyears and lessin dry years.

Many assumptions are required for modeling nutrientmovementthrough a watershed, especially in the case of
legacy phosphorus. Elevated soil phosphorus concentrations throughout the watershed are managed at the field
scale, and knowledge of their precise spatial extentis unavailable outside producer level nutrient management
planning. As noted in the fertilizer source discussion above, Kast etal. (2021) modeling used an assumed average
soil phosphorus concentration based on soil samples throughout the watershed. Were an excessive number of
fields to have much greater soil phosphorus, the modeled soil sources of exported phosphorus could be much

greater. These uncertainties have been pointed out as one of the key challenges in nutrient reduction efforts to
control lake eutrophication (Jarvie etal.,2013).

Ongoing modeling is examining distributing differences of soil phosphorus throughout the watershed including
looking atapplying the distribution of soil phosphorus throughout the watershed (HABRI/H20hio, 2020-2021).
Following Arrueta Antequera (2020), this work will also consider simulating the effects of behavioral and
landscape heterogeneity on non-point source pollution.

The Kastet al. (2021) modeling found soil sources increasing in the proportion of phosphorus delivered to Lake
Erie when scenarios reduced the amount of fertilizer applied torow crops. These factors may resultin a need to
shift nutrient reduction implementation efforts or take other measures toaddress alagin nutrient export. Muenich
etal. (2016)used SWAT to examine how long it would take for legacy phosphorus reductions tomeet Annex 4
targets given various modeling scenarios. This showed the total phosphorus lag to take much longer than DRP lag.
The authors attributed this tolower mobility of total phosphorus. This agrees with the Guoetal. (2021) observed
findings of 2019’s DRP export below expectations given that year’s stream flow, while total phosphorus was right
on the relationship’s predicted export.
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Hydrology mattered a great deal to total phosphorus reductions in the Muenich etal. (2016) scenarios. In fact, total

phosphorus targets were never met in modeling out 80 yearsinto the future in even extreme reduction scenarios,
such as no new fertilizer applied, when stream flow and rainfall conditions wereheld at elevatedlevels.

More information about SWAT modeling in the Maumee can be found in Appendix 2.

Soil and legacy source’s role in increased DRP to Lake Erie
Kastetal. (2021) SWAT modeling noted the severity of Lake Erie HABs was likely driven by precipitation changes
drivingincreased soil contributions of phosphorus to the watershed. Note thatthe increasehas occurred ata time

when soil erosion and particulate phosphorus has declined. Therefore, leaching oflegacy phosphorus from soils is
the mostlikely source of DRP increases.

Jarvieetal. (2017) documented changes in water quality from the Maumee, Sandusky, and River Raisin
watersheds. All experienced similar DRP loading shifts asthe Maumee. Net reductions of the particulate portion of
total phosphorus and sediment were documented uniformly after 2002 while DRP increased. The work attributed
65 percent of the DRP load increase to “increased source availability and /or increased transportefficiency of labile
phosphorus fractions.” The authors linkthat DRP load increase toa combination of changes in agriculturalland
management that has shifted the type of phosphorus export from agricultural fields. The authors highlight the
following as the leading managementcauses for this shift: “reduced tillage to minimize erosion and particulate
phosphorusloss, and increased tile drainage toimprove field operations and profitability.” Choquette et al. (2019)

uses different statistical approaches to also find land managementchanges explaining more of the increasing
nutrienttrends thanhydrology increases.

Modern soil conservation hasaddressed alarge proportion of direct soil erosion from agricultural areas. The
environmental and agronomicbenefits of soil conservation are well documented (Richards etal., 2009, Miltner,
2015). While unintentional consequences of these actions have been documented, revertingto farming practices
that do not conserve soil is notan option.

However, the movement of phosphorusbuilt up in soils via various pathways, often in the dissolved form, is clearly
an important source requiring attention today. Areas where thislegacy phosphorusis elevatedare often described
as critical source areas. The Great Lakes Advisory Board provides advice and recommendations to U.S. EPA on
mattersrelating toimplementation of the Great Lake Restoration Initiative.In 2021, this board’s nutrients
workgroup recommended that resources be prioritized in identifying critical source areas and reducing legacy
phosphorus (GLAB, 2021). The International Joint Committee recommends that better soil phosphorus
concentrations and vertical stratification databasesbe developed (IJC, 2018). Research outlined in this discussion

(Osterholzetal., 2020; Kastetal., 2021, etc.) completely agree with this priority. More is presented on the current
state of identifying critical source areas in Section 2.3 below.

The voluntary implementation of agricultural soil conservation has produced greatenvironmental successes over
the years. Tri-state fertilizer standardshave been updated recently. Practices exist toreduce legacy phosphorus,
such as targeted soil phosphorus draw down and edge-of-field phosphorus filters. These actions should be

considered for TMDL implementation recommendations addressingboth agricultural fertilizer (often thought ofas
“live”) and soil (“legacy”) sources of phosphorus export.

2.2.1.3 Non-agricultural stormwater sources

Non-ag stormwater sources of phosphorus exported to the Maumee watershed also contributes to total
phosphorusand DRP loading. Non-ag stormwater contributions originate from 11 percent of Ohio’s portion of the
Maumee watershed. This is calculated based on the summing the four developedland use categoriesin the 2019
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National Land Cover Database and dividing by Ohio’s portion of the watershed (Dewitz, 2021). The natural and
agricultural land use categories are therefore notincluded.

No matter the point of origin, non-ag stormwater pollution is diffuse and precipitation drivesits delivery. While the
mechanisms delivering phosphorus from non-ag stormwater in permitted and non-permitted areas are the same,
TMDLs require that non-ag stormwaterbe bifurcatedbased on ifthe stormwater’s source area is regulatedunder
the Clean Water Act or not. The stormwater discharges from areas within regulated municipal separate storm
sewer systems (MS4s) and from NPDES permitted stormwaterfacilities are considered a point source and receive
a wasteload allocation in TMDLs. The remaining stormwater loads are considered nonpoint sources and are
included in the TMDL’s load allocation. Sixty percent of the developed land area in Ohio’s portion of the Maumee
watershed hasbeen calculated asbeing part ofthe non-permitted nonpointload in the load allocation in this
TMDL.

Non-ag stormwater considered tobe contributing to the nonpointload in the Maumee watershed is much more
spread out than stormwater from permitted areas. Small communities, country homesteads, and roads dominate
these areas. Phosphorus contributions from roads may be a significant non-ag stormwater source in areas without
permitted stormwater. Williamson et al. (2020) found that roads contributed up to 24 percent of suspended
sedimentin arural Maumee River tributary in Indiana. Analysis in that tributary watershed determined that of the
6-11 percentofthe developed land 5-6 percent wasroads.

Stormwater from regulated MS4s and other NPDES permitted facilities is regulated because of the amount of
impervious area, artificial drainage systems, total population, and/or density ofhuman developedareas. This
resultsin efficient pollutant delivery toreceiving waters. These factors also allow for more effective
implementation of pollutant reduction activities. For this reason, non-ag stormwater sources are discussedin more
detail in the point source Section 2.2.2.

2.2.1.4. Ditch and streamside sources

Agricultural and developed land uses often alter and augmentthe natural drainage of the landscape. Removal of
excess water and lowering of the water table allows for more fields to be available for productive crop and
livestock use. Flood control is also culturally desired for builtlandscapes. Open ditches or culverted streamsare an
often-used tool to facilitate these drainageneeds. As described in the legacy phosphorus discussion, ditches and
streams can be a temporary stopping point for phosphorus enrichedsoils. Erosion from ditches and streams can
contribute to phosphorus pollution downstream through the streamnetwork. Otherprocesses can mobilize DRP
from this source as well.

When naturally occurring waterwaysor artificial channels are maintained to maximize drainage, they are most
often channelized lengthwiseand sculptedintoa trapezoidal cross-section. The resulting ditches are stabilizedand
maintained with the intent toneither aggrade nor degradematerial (NRCS, 2015). Whilethis most efficiently
moves water, instream sediment trapping and therefore the phosphorus reduction service provided by aggrading
sections of streams, are reduced (Brooks, 1988). Channelization and ditch maintenance also can reduce instream
processes thattrap dissolved phosphorus (Smith and Pappas, 2007). More is presented on these instream

processesin Section 2.2.4. Ditching also often hydrologically disconnects channels from their floodplains,
restricting the phosphorus reduction services from that interaction (Hopkinsetal.,2018).

When leftunmaintained, ditched channels regress backto more natural conditions with areas of both sediment
accumulation and dispersal (Simon, 1989; Landwehr and Rhoads, 2003). This can alsoimpact sediment mobility
up and downstream of the ditched zoned with depositslocally changing velocities causing for points of channel
incision (Simon, 1989). These issues can occur sooner after channelization wherechanneldimensions are
constructed toowide (Landwehr and Rhoads, 2003).
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Unaltered “natural”’ channels contributeto phosphorusloads due to erosion and instream processesin the same
manner as channelized ditches.The size and the amount of channel alteration certainly factorsinto the magnitude
of this source, however. Regardless, the remainderof the discussion of this source will use the genericterm,
“streambanksources.”

Understandingthe watershed scale impacts from streambank sources of phosphorusis challenging. Process based
models, like SWAT, do not fully represent floodplain and streambank erosion processes and BMPs addressing

sources from these areas (Kalcicetal.,2018). Modeling uncertainty is exacerbated when legacy phosphorus
sources are contained within the stream channel in pooled areas or behind dams (Kalcicetal., 2018).

Foxetal.,, (2016) carried out a meta-analysis on streambanks as a source of sediment and phosphorus tostreams.
The various studies review documented thatstreambankand gully erosion could be the source of a wide range of
phosphorus found in streams, from 6 and 93 percent. Multitudes of factors, many of them relating to stream
velocity and channel dynamics (shape, degradation/stability, etc.), play into uncertaintiesresulting in such a wide
range. This work stresses the importance of understanding the form of streambank phosphorus. However, several
studies in the review donot investigate dissolved phosphorus or DRP specifically.

Eroding streambanks were found to contribute the most suspended sediment duringhigh flow flows in a study of
agricultural heavy watersheds in southern Minnesota (Williamson et al., 2014). However, thatstudy found
streambank material did not contribute the majority of channel sediments in streams wherethe edges of fields

were removed from row crop use through the federal Conservation Reserve Program. This indicates that buffer
areasalong stream sides can reduce streambank sources of phosphorus export.

A recent paper calculated the contribution of streambanks to total phosphorus export throughoutthe state of [owa
(Schillingetal., 2022). This work used a simple equation based on channel dimensions linked to erosion that was
inferred with remote collected LiDARdata. Combining thatanalysis with previous streambank recession rate
studies, allowed for the calculation ofthe amount of sediment being eroded from channels statewide. The authors
applied this mass of eroded sediment to the average streambank phosphorus content they found from a sampling
to determine the mass of total phosphorus contributed to streams from streambanks for the state. Comparingthis
with a calculation of how much total phosphorusis exported though the state’s streams allowed themto determine
that 31 percent of river exported total phosphorus in lowa is from streambanks.

Calculating the proportion of phosphorus sourced from streambanks by analyzing the actual phosphorus being
exported by streamsis alsobeing examined. Studies by USGS utilize sedimentfingerprinting methods to
understand the relative contribution phosphorusin stream’s suspended sediments (Williamson et al., 2020). These
methods have been applied tosmall streams in the Maumee watershed withthe intenttounderstandthe
phosphorus contribution from streambanks and other upland sources. Antecedent soil moisture and vegetation
cover prior to storm events appear to make a difference in streambank erosion (Williamson etal.,2021a). That
study, looking at a Maumee tributary watershed, found phosphorus export was mainly in the DRP form when

conditions were dry, and crops were on the fields. However, streambank erosion was the main source of exported
total phosphorus when storms occurred when conditions were already wet.

Sediment fingerprinting researchby the USGS in the Maumee watershed continues with the objectivetoimprove
estimates of the magnitude of streambanks as a phosphorus source. Preliminary indications show that
streambanks can contributea high proportion of suspended sediment in one Maumee tributary over a two-month
monitoring period (Williamson etal.,2019). This workalso includes analysis of the short-lived beryllium-7isotope
with the hopes of understanding if eroding soils, sourced from upland areas as well as streambanks, are from the
surface or buried deeper. Scalingresults up tolarger watersheds, even to the entire Maumee watershed, is along-
term goal of this work.
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Streambanks as a source of phosphorusis considered nonpoint within the TMDL frameworkin thatitis
unregulated by the Clean Water Act. Itis alsononpointin the sense thatitis connected to precipitation driven
hydrology. However, this is a source thatislargely already existingin place, i.e., itis not dependent on ongoing
activities such as regular fertilization. Contribution from upland legacy soil sources of phosphorus (largely
described above) and instream processes interact with this streambank source. Once in the streambanks, slowing
the export of phosphorusisthe most reasonable approach to managing this source. As noted in the legacy and soil
source section above, streambank sources will likely resultin alag of overall phosphorus export reduction even if

upland phosphorus conservation efforts are greatly increased. Continued study by USGS and efforts described in
Section 2.2.4 will help quantify thislag.

Channel alteration toimprove drainage, i.e., ditching, disturbs stream systems’ ability to store and process
phosphorus. Practices such as two-stage ditches can provide a more stable structure to facilitate drainageneeds
(Kalcicet al., 2018). This stability allows for improved ecological functions such as sediment trapping and instream

processing to contribute to overall net phosphorus reductions in a given period of time. This practice, and others,
will be considered in the implementation recommendations for this report.

Reducing and slowing the amount of water delivered to streams during storm events can alsoreduce the net
export of streamside phosphorus sources. Practices such as wetlands, especially in agricultural systems, and even

more novel activities, such as small detention basins that can be used toirrigate crops during dry months, show
promise in achieving suitable watermanagement.

2.2.1.5 Natural sources

Natural sources of phosphorus, often considered the background, are known to contribute some load in mostriver
systems. Weatheringofsoil and parentrockis described as the primary natural source of phosphorus (Holtan et
al., 1988). Decomposition of aquaticlife and washed offupland vegetation (such asleaflitter) can alsobe
categorized as a natural source (Wither and Jarvie, 2008). For any of these sources to be considered natural they

must be from undisturbed environments. For instance, eroded soil or leaflitter washed off from pristine land
without human disturbances.

The amount of phosphorus delivered to streams from natural sources is considered very small compared to the
human caused sources in disturbed watersheds (Wither and Jarvie, 2008). Even with 9 percentofthe Maumee
watershed area within Ohio classified as having natural land cover (Dewitz, 2021), itis understood that only
extremely small areas,ifany, are completely undisturbed. Because of this, the natural sources of phosphorusin the

Maumee watershed are considered negligible. Itis not a documented source in modeling efforts such as Kast et al.
(2021) or Martin etal. (2021) and will not be itemized in this TMDL project.

Certainly, phosphorus was present and moved throughthe Maumee watershed and the WLEB before European
settlement. Human landuse disturbanceshave, in essence, overrun most of these natural sources. Therefore, ifa
greater proportion ofland is placed intoa natural state, or nutrient reduction implementation efforts mimic
natural conditions, the proportion of natural sources would be expected toincrease. However, because humanland
uses produce so much more phosphorus, the net effect would be a phosphorus reduction. This concept is often

discussed regarding installing or enhancing wetlands for nutrientreduction. It should be considered when
examiningall nutrient reduction activities.

2.2.1.6. Atmospheric deposition
Unlike carbon and nitrogen, there is no stable gaseous phase of phosphorusin the Earth’s atmosphere. The
dominate source of atmospheric deposition of phosphorus globally is from mineral aerosols. In general, this is soil
phosphorus mobilized by winds, often characterized as dust. In non-desert, industrialized areassuch as the Great
Lakesregion biogenicaerosols and combustion deposits are primary sources (Mahowald etal.,2008). Based on
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monitoring data, Maccoux et al. (2016) calculated atmospheric deposition to Lake Erie’s open water to contribute
6 percent ofthe total phosphorusload delivered tothe whole lake. That study, and similar phosphorus accounting,
incorporates atmospheric deposition of phosphorus tolandmasses among all of the nonpoint sources. That s,
atmospheric deposition is not itemized as a specificsource when not over large bodies of water. While this source
is clearly measurable, itis relatively uniform across the landscape on a regional scale making this approach
reasonable. Because this TMDL only considers phosphorus exported from the Maumee watershed, direct
atmosphericdeposition will not be considered as a separate source.

2.2.1.7 Changes in watershed hydrology
Changes in precipitation amount, timing and intensity present a complicating challenge to nonpoint source control

of phosphorus. The earth’s hydrologic cycle has been altered by human activities (Manabe and Stouffer, 1980, Milly
etal, 2008, Abbottetal. 2019).

An ARS study by Williams and King (2020) examined hydrologic changes in the Maumee watershed. Twenty-three
daily rainfall and 12 streamflow gagesin and near the watershed were examined from 1975 through2017. An
overallincrease inrainfall between 11 and 13 percent(see Figure 17) and streamflow between 19 and 32 percent
were documented for the Maumee watershed. Heavy and very heavy rainfall events brought the majority of these
increases, more often in the spring. The study noted that the greatestincreasesofrainfall were observed in the
southern halfof the Maumee. A different statistical analysis approach of the Maumee River at Waterville and St.
Marys River near Ft. Wayne gages found highlylikely increasing streamflow trends in the days with the greatest 20
percent of streamflow (Choquetteetal., 2019). That study did not find similar increases at the St.Joseph River near
Ft. Wayne gage. The heterogeneity of hydrology in the watershed is discussed more below in Section 2.3 in
considering critical source areas.

The Williams and King (2020) paper included implications of changing hydrology on phosphorus exportin the
Maumee watershed.It notes that agricultural conservation practices, such asimproving soil infiltration and water
holding capacities, has provided some increased water resiliency to the watershed. However, increasedrainfall
occurring viamore extreme events (in relatively shorter periods of time) overwhelms the overall watershed water
storage capacity. The authors say that this can directly increase DRP concentrations due toan increase of time with
wet conditions. Therefore, many of the activities intended to address water management, especially subsurface
tiling, play arole in facilitating increased DRP export.

Choquette etal. (2019) employs a different suite of statistical analyses to document trends on observed streamflow
and nutrient exports. This work attributes about one-third of nutrient increase toincreasing discharge trends. The
remaining changes documentedin this work occur due to greater nutrient concentrations in waters delivered
throughout the Maumee watershed.

The Rowland etal. (2021) trend analysis explains that some, but less than half, of the DRP exportis due to flow
increases. Jarvie etal. (2017) attributes 35 percent of the historic DRP load increase to higher runoffvolumes,
likely exacerbated by increasesin tile drainage and precipitation.

Overall, thisimplies thatland managementplays as much or greater arole in increasing nutrients as changes in
hydrology. However, the two factors have had an additive impact on increasing nutrientloads.

30



Rainfall (mm)

197577

Change in rainfall
since 1975-77 (mm)

Figure 17. Rainfall trends forvarious time periods between 1975 and 2017. The right maps show the calculated
differences fromthe 1975 to 1977 period. From Williams and King (2020).

Hydrology directly plays arole in all nonpoint sources discussed in this section as well as permitted stormwater
sources, described below. Increased rainfallin the Maumee watershed has, and most likely will continue to,
exacerbate controlling these sources. Note that therehave been some modelingfindings that impacts from climate
warming may offset some of these issues due toincreased evapotranspiration and decreased snowfall in the
Maumee watershed (Kalcicetal., 2019). Regardless, hydrology must be considered when recommending, planning,
and designing nutrientcontrols.
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2.2.2. Permitted point sources (including permitted stormwater) of phosphorus
This subsection describes permitted sources of phosphorus tothe Maumee watershed. Ohio EPA regulatesthese

sources via state of Ohio rules and in accordance with the NPDES framework. In TMDL budgeting, these sources fall
within the wasteload allocations. The “major” municipal NPDES wastewater treatment plants, those treating

sewage from the largest populated areas, contributethe greatest proportion of phosphorus among this category.
Permitted stormwater from urbanized areas and some industrial sources are alsoincluded in this discussion.

There are also many small sources of NPDES permitted phosphorus. Table 3 shows a breakdown ofthe various
categories of permitted sources of phosphorus. These are explained throughout the remainder of this subsection.

Table 3. Summary of types of NPDES permitted sources. Detailed categories that are shadedin gray are notincludedin
the phosphorus TMIDL wasteload allocations.

facilities: Point
source pipe(s)
directly
contributing
waste to surface

facility.

processes.

Program Permit Type Major Category Detailed Category
Public: Treats a majority of “Major”: Plants thatare permittedto treat
municipal/humanwaste. about 1 million gallons aday or more.
Most often delivered from “Minor”: Plants that are permitted to treatless
public sewer systems. than 1 million gallons a day.
Phosphorus discharging: Mostly commercial
Individual NPDES plants treating phosphorus at concentrations
Permit: Facility- requiring treatment. e.g., food processing
specific permits Industrial: Facilitiesthat facilities
issued for each treats waste fromindustrial - - : :
Treatment Non-phosphorus discharging: Discharging plants

that do not treat phosphorus at concentrations
greater than background. e.g., most drinking
water treatment plants.

Concentrated Animal

Livestock operations meeting certain criteria
requiring an individual permit; nonein the

Feeding Operation (CAFO
waters. e8P ( ) Maumee watershed.
Discharging general permits considered to
General: Permits contribute phosphorus at concentrations
that cover facilities | Phosphorusdischarging greater than background. Theseinclude
with similar household sewage treatment systems and small
operationsand sanitary discharges.
wastewater The several discharginggeneral permits not
characteristics. Non-phosphorus discharging | consideredto contribute phosphorus at
concentrations greaterthan background.
Stormwater controls measures and pollution
Individual: Facility- | Facility based prevention provisions, veryoftenincluded
specific permits. within individual treatment facility permits.
i Municipal based Phase I Individual MS4 permits.
Stormwater:

General: Permits
that cover facilities
or areas with similar
operations.

Facility based

Constructionand multi-sectorindustrialgeneral
stormwater permits (aka, MSGP).

Municipal based

Phase Il Small MS4 general permit.

Beneficial use

Beneficialuse of
materials —
discharge of these
materialsis
prohibited.

Biosolids

Field applicationof biosolids generated by
publicly-owned treatment works in Ohio.

Land application

Wastewater treatment effluentirrigation.

Industrial waste used for agronomic benefit.
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2.2.2.1 Permits for treatment facilities

Defining treatment facility permitting and its source contribution

Facilities that discharge directlyto streams or other waterways are consideredfirst. These act as what is typically
considered a traditional point source. Unlike permitted stormwater, which is primarily drivenby precipitation,
these sources are more directly driven by treatmentplant influent flow rates associated withreceiving municipal
sewage or industrial flows. Municipal and some industrial wastes contain concentrations of phosphorus that
require additional management.

As seen on Table 3 above, treatment facility permits are first divided between individualand general permits.
General permits are developed whenthe waste type and technology used to manage it are consistent and permit
conditions can cover a large number of discharges.

Individually permitted treatment facilities that process primarily municipal /human wasteare considered public
permits by Ohio EPA. Municipal waste contains phosphorus due to nutrient inputs from human food consumption
(Metson etal., 2012), detergents, and other activities. Ohio EPA divides these public permits into major and minor
categories, which islargely determined by the volume of wastewaterthe facility is designed to treat. Plants thatare
permitted to discharge one million gallons a day or more of treated effluent are considered majors. There are 22
major, public, individual permits in the Maumee watershed, which are generally facilities operated by cities. Minor
permits cover facilities operated by smaller communities or semi-public organizations treating human waste
designed todischarge less than one million gallons a day of treated effluent.

Twenty-four communities in the Maumeewatershed have (or had) permitted combined sewer overflows (CSOs),
see Table 4. Communities with combined sewers have pipes that werehistorically designedtointentionally
capture stormwater within the same sewers as sanitary wastewater. Duringheavy rainfall events, when the
carrying capacity of these pipesis exceeded, CSOs are designed to discharge a mixture of stormwater and sanitary
sewage to streams. Constructing new combinedsewersis nolonger permitted.

Table 4. Combined Sewer Overflow communities in Ohio’s portion of the Maumee River watershed.

HUC-8 Name - Code CSO Community HUC 8 Name - Code CSO Community
St. Joseph River— 04100003 Montpelier Findlay
St. Marys River - 04100004 none ) Dunkirk
Upper Maumee River— 04100005 Hicksville Blanchard River 04100008 Pandora
Tiffin River - 04100006 Fayette Forest
Paulding Defiance*
Ohio City Wauseon
Payne Delta
Van Wert Deshler
Auglaize River— 04100007 Columbus Grove Lowerol\gil;)?()e;gRlver Leipsic
Delphos Swanton
Wapakoneta Toledo’
Lima Perrysburg
Napoleon

* Some Defiance CSOs discharge to the Auglaize River near its mouth to the Maumee River.
T Some Toledo CSO outfalls are outside ofthe Maumee River watershed and will not be included in this project.
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Ohio EPA works to control CSOs through provisionsin NPDES permits and using orders and consent agreements
when appropriate. The agreements and permits require CSO communities toimplement nine minimum control
measures. Requirementstodevelop and implement Long-Term Control Plans (LTCPs) are alsoincluded where
appropriate. Halfofthe CSO communities in the Maumee watershed are planning for complete separation and
elimination of all CSOs, and in fact some of the communities listed on Table 4 have separated since the 2008
baseline year. Details about each communicates CSO status are presentedin Section 3.

Bypasses from public wastewatertreatment plants occasionallyoccur due to various factors overwhelming
treatment capacity. These bypasses are prohibited unless certain conditions are met and a ‘no feasible alternatives’
analysis is completed. Steps are required to minimize the bypasses as part of this process, similar to CSO LTCPs.

Discharges from separate sewer systems occasionally occur due to various factors overwhelming sewer capacity.
These sanitary sewer overflows (SSOs) are prohibited by the Clean Water Actand all NPDES permits. All

communities with known SSOs must plan to eliminate these sources. All permittees are required toreport SSO
events, with variouslevels of monitoring, as a condition of their NPDES permit.

Individual NPDES treatment facilities that treatindustrial wastewater from a specific facility are considered
“industrial.” On Table 3 these permits are divided based on whether their discharge is considered to contain
phosphorus or not. Most of the industrial phosphorus discharging facilities in the Maumee watershed are related to
the food processing category. Those considered as non-phosphorus discharging treata variety ofindustrial wastes
and include most drinking water treatmentplants. This group of facilities has been determined to discharge
phosphorus atlevels that donot require additional oversightor control, often below background concentrations in
the watershed. For thisreason, they are notincluded in this TMDL’s wasteload allocations.

There are no NPDES permitted CAFO facilities withinthe Maumee watershed. Large livestock operations are
permitted as CAFFsby ODA. CAFFsare regulated through state operating permits, butnot NPDES permits.
CAFOs/CAFFsare discussed above, with fertilizer nonpointsources, in Section 2.2.1.1.

Ohio EPA issues several general permits that cover activities resulting in non-stormwaterrelated discharges of
wastewater. Unlike individual NPDES permits, these permits cover a type of activity rather than a specific facility,
then specificfacilities that conduct that activity apply for coverage under the general permit. Therefore, many
facilities are covered under each general permit, some in the thousands. The treatment technologies for these
sources are consistent and eligibility criteriaand/or appropriatelimits within the general permit ensureindividual
evaluations are not needed to ensure water quality standards are met. Note thatthese facilities almost always
contribute less pollutants thanthe minor publicindividual permits outlined above. General permits are divided
intothose considered to discharge wastes with phosphorus concentrations greater than the background and those
at or below background concentrations. The general permits thatinclude phosphorus containing discharges cover
discharging household sewagetreatmentsystems and smallsanitary discharges (i.e., very small package plants,
such as restaurants or mobile home parks). The non-phosphorus discharging general permits are notincluded in
the wasteload allocations of this TMDL.

Allindividual NPDES permits require that effluent volume be monitored prior tobeing discharged to streams.
Nearly all of these permits alsorequire effluenttotal phosphorusmonitoring. The frequency of required
monitoring is greater for major public permits than minors. Monitoring of CSO discharges varies due tothe
different configurations of CSOs; however, permits for all CSO communities require some fashion of CSO
monitoring.

Utilizing these monitoring data, Ohio’s Nutrient Mass Balancereports that NPDES permittees contributea five-
year, springloading season average of 6 percent of the Maumee watershed’s total phosphorusload (Ohio EPA,

2020b). This proportion includes the calculated CSOloads and the load from the general permit for discharging
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household sewage treatment systems. The total phosphorusload from the other general permits werenot included

in Ohio’s Nutrient Mass Balance methods and thus donot appear in the remaining figures in this section. However,
they are accounted for in this TMDL, see Sections 3 and 4.

Figure 18 shows the breakdown ofthe 6 percent of total phosphorus springload contributed by NPDES facilities by
treatment facility category from Ohio EPA’s NutrientMass Balance 2020 report(Ohio EPA, 2020b). This pie chart
includes the combined NPDES facility loads from Michigan and Indiana. These “out of state” loads represent 28
percent of the total load from NPDES permitted sources. The other slices of the pie are from the various categories
described above from Ohio facilities. The major public wastewatertreatment facilities from Ohio are the largest of

these categories, at 48 percent of the total NPDES permitted load, which is approximately two-thirds of the load
from treatment facilities in Ohio.

Figure 18 alsoincludes the calculated loads from CSOs and other wet weather bypasses, exceptSSOs. These
sources from Ohio make up 2 percent ofthe springload from NPDES permittees, or around 0.12 percent of the
total spring phosphorusload.In 2020, Ohio EPA learned that the City of Maumee had SSOs thathad been
unreported for several years. The City entered into orders with Ohio EPA in July of 2021, agreeing to pay a penalty
and to take immediate actions toworkto eliminate these SSOs. Preliminary estimates of the unreported total
phosphorusload contributed from the City of Maumee’s SSOs were calculated by Heidelberg University’s NCWQR,
which determinedthat these loads would have addedless than 0.02 percent ofthe annual phosphorusload.
Elimination ofthese SSOs is currently being planned with an evaluation study due in 2024. SSOs overall are a

minor contribution to the total phosphorusload and they are prohibited, therefore all implementation actions are
geared towards elimination and they will not be included in the TMDLs wasteload allocation.

Out of state combined
NPDES NPDES treatment facilities
6% treatment

OH: Public (municipal), Majors

facilities 28%

OH: Combined sewer ’
overflows and \/ /
wet weather bypasses d
6%
OH: Industrial,/‘— Lo

phosphorus discharging <

OH: Public (municipal),
Small minors (<0.1 MGD)

OH: Public (municipal), Minors (0.1 — 1.0 MGD)

NPDES treatment facility
categories

Maumee River watershed
spring total phosphorus load

Figure 18. The left pie chart shows the five year (2015-2019) average spring season total phosphorus Maumee River
watershed load proportion of NPDES treatment facilities. The right pie chart breaks that 6 percent down by treatment
facility categories. Source, Ohio EPA, 2020b.

There is awide distribution in the amount of total phosphorus delivered from the 22 individual major public
wastewater treatment facilities within Ohio’s portion of the Maumee watershed.Figure 19 shows this distribution
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based on the five year (2016-2020) averageannual total phosphorusload proportions of these sources. The five
largest facilities contribute 83 percent of the total. The remaining 17 major Ohio publicfacilities contribute

17 percent of thisload. Figure 20 shows a breakdown of all 22 of these facilities. This figure outlines the five year
(2016-2020)averagetotal phosphorusload and concentration for each facility based on Ohio EPA nutrient mass
balance calculation methods (Ohio EPA, 2020b). The figure also shows the proportion of each facility’s discharged
flow of their permitted designflow rate.

Discharged total phosphorus concentrations of the facilities shown on Figure 20 indicate that phosphorus
treatmentis occurring at all plants.

17% of the load
from 17 plants

Perrysburg
4%

Toledo BV
43%

Figure 19. Pie chart showing the proportion of total phosphorus load from each individual public treatment facility
within Ohio’s portion of the Maumee River watershed. Loads based on the five year (2016-2020) annual average
calculated using Ohio Nutrient Mass Balance methods(Ohio EPA, 2020b).

SWAT modeling described in Kastetal. (2021) examined NPDES permitted facilityphosphorus source
contributions from the Maumee watershed to Lake Erie. This work found these point sources contribute an
average of 5 percent of the total phosphorus and 12 percent of the DRP during the springloading season. As with
Ohio EPA’s nutrient mass balance work, this modelingfound permitted facility loads to fluctuate very little
compared to hydrology-driven nonpoint sources. Because of this, facility-based point sources contributea greater
proportion in drier years and lesser proportion in the wettest years. The Kastetal. (2021) paper points out that on
average, point sources contribute a similar proportion of phosphorus as manure fertilizer sources.
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show the five year (2016-2020) annual average calculated based on Ohio Nutrient Mass Balance methods (Ohio EPA,
2020b).



Existing facility-based (discharging) point source reduction efforts

Reducing phosphorus from municipal sewage wastewater treatment facilities and applicableindustrial facilities
hasbeen ongoingin the state. Beginning withthe GLWQAin 1972, municipal point source discharges were
acknowledged as contributors tothe nutrientloadings to the lake. The early versions of the GLWQA recommended
that all major wastewater treatment plants (WWTPs) discharging withinthe Lake Erie basin meeta 1.0 mg/L total
phosphorus effluent concentration.By 1980, the affected WWTPs were implementing reduction efforts toa level
that non-point sources became the major contributor of phosphorusloading tothe lake. A majority of the WWTPs
began treating for phosphorus through the addition of metal salts to precipitate phosphorus and incorporating it
intothe solids waste stream.

Coupled with the treatment at the major WWTPs were reductions in the phosphorus contentin laundry
detergents. Beginningin the late 1980s, Ohio began limiting the allowed amount of phosphorus in household and
commercial laundry detergents.In 2010,0hiobecame one of 16 states thatalsoincluded arequirementthat
dishwasher detergentcould not contain more than 0.5 percent phosphorus.Not only did these measures reduce
the influent phosphorus concentration tothe WWTPs, but alsoreduced contributions from uncontrolled point
sources such as CSOs and bypasses. In collaboration with the Ohio Lake Erie Phosphorus Task Force, the Scotts
Company, LLC hasremoved phosphorus asa component of residential lawn fertilizers used for lawn maintenance.

This effort has further reduced inputs from CSOs and municipal separate storm sewer (MS4) permitted
stormwater communities considered in Section 2.2.2.2.

For historical perspective, springtime total phosphorusfrom major public NPDES permittees datingbackto 1995
are provided in Figure 21. This period was chosen to develop an understanding of total phosphorusloads from
major facilities during the period of re-eutrophication of Lake Erie from the mid-1990s to the mid-2000s. The
largestdischargers are City of Toledo Bayview WWTP, Lucas County WRREF, City of Lima WWTP, City of Findlay
WWTP, and City of Perrysburg WWTP. These facilities are presentedindividually in the figure with the 18
remaining major municipal wastewater treatment facilities grouped together.

Major municipal facility loading remained relatively flat during the period of re-eutrophication of the WLEB (1995-
2005), followed by a period where springtimetotal phosphorusloads show a downward trend (2005-2018). Total
phosphorusload from major municipal facilities averaged 53 MTs per spring from 2004-2008and 42 MTs per
spring from 2014-2018.This wasanetdecrease of 22 percent for major municipal facilities in the Maumee River
watershed from the period leading up tothe 2008 base year and the most recent conditions. The downward trend
is attributedto voluntaryload reductions, mainly driven by the Toledo Bayview WWTP. In the five springs from
2004 -2008, the Toledo Bayview WWTP discharged an average of 29 MT/spring but averaged 18 MT/spring for
2014 -2018.
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Figure 21. Springtime total phosphorus loads from major public facilities in the Maumee River watershed in Ohio’s portion
of the Maumee River watershed from 1995-2018. The LOESSline presents a locally weighted smoothing trend line.

The State of Ohio hasinvested in nutrient reduction efforts by offering financial assistance to communities with
NPDES permits for wastewater treatment plant upgrades and CSO control projects. Through its Water Pollution
Control Loan Fund, Ohio EPA has provided WLEB communities with over $1 billion in wastewater resource
infrastructure projectloan funds between2009 and 2022 (to date). Nearly $88 million of these funds have been
provided as principal forgiveness (OLEC, 2020Db).

While major municipal WWTPs are required toachieve an effluent concentration of 1.0 mg/L to comply with their
NPDES permits, many treatmentplants consistently performwell below thislevel. One reason for thisis to remain
in compliance throughoutvarying flow rates, operatingconditions, and process upsets. A facility would need to
achieve along-term average concentration of 0.73 mg/L in order toremain in compliance 99 percent of the time
(U.S. EPA, 1991). Long-term averages lower than thisvalue indicatethat performance is betterthan whatis needed
to maintain minimum compliance.

Figure 22 shows the spring total phosphorusloads from phosphorus discharging facilitieswith individual permits
in Ohio’s portion of the Maumee River watershed from 2008-2018. Note that the “authorized load” shown in this
figure is the total loads of all facilities ifthey were to discharge at their permitted design flow and total phosphorus
concentration limit (or existing concentration for facilities without limits). This indicates that, as a whole, these
facilities are discharging less than halfofthe phosphorusload allowable undertheir permits. The bottom chart on
Figure 20, above, shows that treating to concentrations below the 1.0 mg/Lpermit limit explainsmuch ofthis
performance. The middle chart of that figure shows that actual average volumedischarged beingbelow the facility
permitted designisalsoa factor.
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Figure 22. Spring loading season total phosphorusloads from phosphorus discharging public facilities with individual
permits in Ohio’s portion of the Maumee River watershed from 2008-2018. The authorized load bar shows the total
loads of all facilities considering they were to discharge at their permitted design flow and total phosphorus
concentration limit.

Permitted facilities have invested heavily in phosphorus reductions over the last several decades. Today, they
contribute a relatively minor source contribution tothe Maumee watershed’s overallload. Incremental gains
continue tobe made through optimization.

2.2.2.2. Permitted stormwater

Stormwater discharges are generated by runofffrom land and impervious areas such as paved streets, parkinglots,
and building rooftops during rainfall and snow events. Stormwater often contains pollutantsin quantities that
could adversely affect water quality. The primarymethod to control stormwater dischargesis through the use of
BMPs. Many of the watershed’s stormwater discharges are regulated, considered point sources, and require
coverage by an NPDES permit. Table 3, above, outlines the individual and general NPDES permits authorizing
stormwater discharges.

Industrial facilities must apply tobe covered by Ohio’s Multi-Sector General Permit (MSGP)iftheyhave the
potential to discharge stormwatertoa surface water of the stateand participate in one or more of the 29 industrial
exposed to storm water may flle aNo Exposure Certification form to Ohio EPA in lieu of obtaining NPDES permit
coverage and submitting an NPDES permitapplication. Facilities covered by the general permit must implement
stormwater controls and develop a stormwater pollution prevention plan.

Many facilities that have individual public or industrial treatment facility permits (describedin section 2.2.2.1)
meet the requirements for the multi-sector general stormwater permit. In most of these cases, stormwater control
measures outlined in the general permitare incorporatedinto the facility’s individual permit for their treatment
facility’s discharge(s). This allows the facility to not have to apply to the general permit. Ohio EPA also has the
discretion torequire a facility to apply for an individual NPDES permitfor stormwater controls. This most often
happens for facilities with a history of known stormwater control issues. Stormwater controls outlinedin an

individual facility NPDES permitare similar to the multi-sector general permit; however, additionalregulatory
scrutiny occurs at individually permitted facilities.
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Ohio EPA also maintains a general permit tolimit the impacts of stormwater from construction sites. Projects that
disturb one or more acres of ground must apply for this general permit.Projects that disturb less than one acre but
are partof a larger plan of development or sale alsoneed tobe permitted to discharge stormwater. Conditions of
the construction general permitrequire BMPs to control sediment export duringsoil disturbances, as well as the
implementation of non-sedimentpollutant controls for other activities related to construction (e.g., fuel storage,
concreterinse, fertilizer storage/application). Post construction practices thatprovide extended water detention
and enhanced infiltration are intended toreduce and slow water, and pollutants, movement out of the developed
area.

U.S.and Ohio EPAs’ stormwater programs addressed municipal-based stormwater runoffin two phases. Phase I of
the Stormwater regulations required NPDES permits for discharges from Municipal Separate Storm Sewer System
(MS4s) serving large and medium municipalities. The size of population the MS4 services dictates ifitis considered
a large or medium municipality. These Phase | MS4s are requiredto obtain an individual NPDES permit. Toledo s
the only Phase I MS4 community in the Maumee watershed.

The Phase II MS4 regulations address stormwater runoff of areas serving populations less than 100,000, termed
small MS4s. More particularly, smallMS4slocated partially or fully within urbanized areas, as determined by the
U.S. Bureau of the Census, and on a case-by-case basis outside of urbanized areas thatOhio EPA designatesinto the
program. Small MS4s are permittedin Ohiovia a general permit. Thereare several communitieswithin the
Maumee watershed covered by the MS4 general (e.g., suburban Toledo communities, Findlay, Lima, Defiance, and
Bowling Green).

All MS4 permitsrequirethe developmentofa stormwater management program. These permits encourage green
infrastructure BMPs such as bioretention areas, vegetated swales, and permeable pavements. The Phase I Toledo
MS4 permitrequires additional measures such asinspections ofindustrialand commercial stormwater discharges,
as well as monitoring outfalls from variousland uses and to assess BMP performance. Monitored parameters have
include phosphorusand DRP.

Traditionally, stormwater controls have focused on the abatementofexporting solids. As most soils are rich in
phosphorus, these efforts address phosphorus export, mostly in the particulate form. Some statesin the U.S. have
more directly included nutrient exportconsiderationsinto their stormwater permitting programs. For instance,
several statesrequire thatnutrient removalrates be calculated for practices outlined in stormwater plans. Ohio
EPA s studying how such a framework could fitinto Ohio’s stormwater permitting program in a manner thatis
scientifically sound.

Stormwater behavesin the manner of nonpoint source pollution in thatitis driven by precipitation. In Ohio EPA’s
nutrient mass balance reports, all stormwater is grouped within the coarse nonpoint source category (Ohio EPA,
2020b). However, TMDLs require thatpermitted stormwater be included withinthe point source wasteload
allocation. Because of this, the land area covered by stormwater permits has been estimated for this project.

Section 3.9 below outlines the details of this accounting. It finds that 4.3 percent of the watershed’s total area
within Ohiois covered by Ohio stormwater permits.

With the Maumee being an agriculturally dominated watershed, much less direct study of nutrient exportfrom

developed land stormwater has occurred withinthe watershed.Similar to unregulated nonpoint sources,
hydrology drives stormwater runoffand is an important factor when considering this source.

A study of various residential communities in Florida found DRP dominated the phosphorus runoffin more than 90
percent of storm events monitored (Yang and Torr, 2018). This was attributed to the decomposition of plant
material such asleaflitter, grass clippings, and eroded soils when conditions were wet. After prolonged dry

periods, more soil-bound particulate phosphorus was found to runoffin that work. Trees, especially when
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streetside, were found to contribute the majority of phosphorusload from residential areas in a St. Paul, Minnesota
study (Janke etal.,2017). USGS examined the impactofboth leaflitter and the delivery of phosphorus via streetsin
a study of urban areas in Wisconsin (Selbig et al., 2020). This work found that frequent municipal street

cleaning/sweeping can reduce total phosphorus and DRP load export by up to two-thirds compared to controls
without street cleaning.

A study (Hobbie etal., 2017) examiningnutrient budgets, also in St. Paul’s urban areas, found pet waste dominated

the phosphorusinputs tothe system. While this brings up a different residential source, the study found greater
overall phosphorus export was due to high density of streets facilitatingthe stormwater runoff.

Olderresearch, such asa detailed study of residential areas in Madison, WI, in the 1990s, found lawns and streets
to contribute the majority of total phosphorus and DRP (Waschbusch etal., 1999). The actual role oflawn fertilizer
is often discussed as an urban stormwater source. In collaboration withthe Ohio Lake Erie Phosphorus Task Force,
by 2012 the Scotts Miracle-Gro Company has removed phosphorus as a component of residential lawn
maintenance fertilizers in Ohio. This follows a similar trend of not including phosphorus in lawn fertilizers across
the country. An expert panel convened tolook at urban stormwater for the Chesapeake Bay Partnership (Aveni et
al., 2013) documenting various studiesexamining lawn fertilizer phosphorus bans. These studies found
phosphorus concentration reductions in both total phosphorus and DRP by about a quarter comparedto pre-
phosphoruslawn fertilizer bans.

Residential areasare generally considered to contributeless pollutants to stormwater overall than from more
intensive urbanland usesbased on a meta-analysis of urban stormwater studies (Simpson et al, 2022). That study
found land use types predict stormwater quality better than the density ofimpervious surfaces. It also determined
that dissolved nutrients,such as DRP, are less associated with solids and other pollutants most often examined
from stormwater sources.

Modeling non-agricultural stormwaterrunoffhas notbeen a priority in the Maumee watershed. Kastetal. (2021)
modeled the watershed with a simulation considering agricultural fertilizers (both manure and commercial) were
not applied and point sources were not discharging. Results from this simulation found over 55 percent total
phosphorusand over 75 percent DRP reductions from the baseline springloads. The authors note that soil sources,
includinglegacy phosphorus, are very likely contributing muchofthe remainder of phosphorus export. Combined

with information presentedabove, and the overall small proportion of developed land, stormwater from developed
land is expected tobe minor source of phosphorus tothe Maumee.

The Maumee watershed has a dense network of continuous water quality monitoringstations at streamflow gages
(further explained in Section 2.2.5). One of these stations, Wolf Creekat Holland, a Toledo suburb, drains an area of
much greater density of developed area than the rest ofthe monitoring stations. As explained in Section 2.2.5, the
available data for the Wolf Creek station shows reduced total phosphorus and DRP FWMCs compared tothe more
agricultural land use dominated stations. This substantiates the general understanding of the overall magnitudes of
phosphorus export from urban lands vs. agricultural dominated watersheds. These factors were considerations
used in Ohio’s 2020 Domestic Action Plan’s far-field total phosphorus targets developed for small watershed
management units (OLEC, 2020b). In that work, the state considered all developed land runoffto contribute load
total phosphorus atarate halfthat from agriculturallands. This is conceptis expanded upon in the existing
condition load calculations for this TMDL effort (Section 3).

The information presented in this section supports the continuation of stormwater BMPs. Water detention and
retention can slow flow and potentially settle out pollutants that have runoff. Practices toincrease groundwater
recharge and evapotranspiration show some promise in minimizing urbanization disturbances (Winston etal.,
2016).
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2.2.2.3 Permitted beneficial use

Biosolids

Ohio EPA's biosolids program regulates the beneficial use of biosolids generated by publicly owned treatment
works in Ohio (OAC 3745-40). The goals of the biosolids program are to protect publichealth and the environment,
encourage the beneficial reuse of biosolids and minimize the creation of nuisance odors. Beneficial use requires
that biosolids are used for an agronomicbenefit displacing other agricultural fertilizers discussed above in Section

2.2.1.1. Table 5 outlines the amount of biosolids applied and number of acres they were applied toin Ohio’s portion
of the Maumee over the last several years.

Table 5. Summary of annual beneficial use of biosolids in the Maumee watershed.

Land Application of Class B Biosolids

Year Dry Tons Acres

2016 10,659 3,080
2017 7,634 2,957
2018 7,797 2,730
2019 9,851 3,118
2020 8,275 2,353
Average 8,843 2,847

Discharges from the storage and beneficial use of biosolids are prohibited and they will not receive a wasteload
allocation in the TMDL. Runofffrom agricultural fields, where appropriate management actions are followed, is
agricultural stormwaterand is part ofthe load allocation. Overall, biosolids are a small source of agricultural
nutrients in the Maumee watershed.On average, biosolids were beneficially used as a source of agricultural
nutrients on lessthan 3,000 acres per year in the Maumee watershed from 2016 to 2020.

Land Application

Ohio EPA issues state permits that allows facilities to beneficially reuse liquid industrial wastes or land apply
treated wastewater. These systems must be designed so discharges to waters of the state donot occur. Industrial
liquid wastes must provide an agronomicbenefit while protecting human healthand the environmentand treated
wastewater must meeteffluent limitsin accordance with OAC 3745-42-13. These facilities are issued individual
permits that contain different conditions specificto the treated wastewater or liquid industrial waste. There are
three facilities authorized toland apply treated effluentand five facilities beneficially reusingliquid industrial
waste with Ohio EPA state permits. These facilities will not receive a wasteload allocation in the TMDL.

2.2.3 Household sewage treatment systems
Residential homes not serviced by a municipal sewagetreatmentsystem maintainindividual household sewage
treatment systems (HSTS). HSTS fall into one of two main treatmenttypes:

Onsite (non-discharging) or leach field systems percolate septic tank effluent throughthe soil. Soil microbes treat
the effluentand there is no point source discharge from these systems.

Discharging systems provide enhanced treatment by creating an aerobic environment wheremicroorganisms
digestorganiccarbon and nitrogen is oxidized to non-toxicinorganic forms (i.e., nitrates). Effluentis then
discharged tosurface waters. Phosphorus treatment is minimal in discharging HSTSs.

Ohio Department of Health (ODH) rules for sewage treatmentsystems require thatall new and existing systems
areissued an operation permit with an identified maintenance schedule, and for discharging systems, a sampling
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schedule to ensure the system is meeting discharge standards. As of January 1,2015, all new and modified
discharging systems are required tobe covered by Ohio’s general NPDES permit (OHK000004).

Both non-discharging and discharging HSTS systems can fail to treat waste as designed. Soils receiving septic tank
effluent from non-discharging systems can become overloaded, sometimes this causeseffluent to surface or short
circuitreducing treatment and resulting in discharges to surface water. A common failure of discharging systems
occurs due to malfunctions of the mechanical components. In these cases, waste is minimally treated and exported
pollutants are elevated.

Upon identification of a failing system, local health departmentsestablish specificaction plans and timeframes for
correction of the nuisance conditions. These plans may include repair, alteration, or replacement of the sewage
treatment systemor connection to public sewers, where available.

Inthe TMDL accounting, phosphorusloads from HSTS can be considered nonpoint or point sources depending on if
each HSTSis permitted. Non-discharging systems are not covered by Ohio EPA’s general permit. Theirload is
accounted for as a nonpoint source in the TMDL’sload allocation.

By design, discharging systems contributea phosphorusload tothe watershed. Because these are a permitted
source, the loads fall into the point source category for TMDLs and are included in the wasteload allocation.

To account for HSTS source contributions, the population using HSTSs, partitioning of two major system types, and
failure rates for these systems must be calculated. Ohio’s Nutrient Mass Balancereport finds HSTS to contribute

the smallest total phosphorusload tothe Maumee watershed among its three coarse source categories. This is
2 percent for the average springloading season (Ohio EPA, 2020b, alsosee Figure 6 above).

The Toledo Metropolitan Area Council of Governments (TMACOG) member-driven planning partnership has
estimated critical areas with high densities of HSTSs in the Maumee watershed in Ohio (TMACOG, 2018). This work
includes a detailed survey of HSTS locations. Dense areas of residences serviced by HSTS, most often in

unincorporated communities,have been identified as these critical sewage areas. These are importantas they
identify the densest and therefore most cost-effective areas where HSTS pollution abatementcan be targeted.

ODH will continue towork with local health departments to ensure implementation of their Operation and
Maintenance Tracking Programs for sewage treatment systems as requiredin the OAC. ODH will provide options
and resources for implementing operations and maintenance tracking including identification of failing sewage
treatment systems within targeted watersheds. The numberof discharging HSTS covered by Ohio EPA’s HSTS
general permit will continueto grow as existing systems are upgraded and new ones are installed.

2.2.4. Instream processes

Instream processes such as biological activity or sedimentation can capture and release phosphorus. They also can
change the chemical form of phosphorus which may have importantimplications to Lake Erie HABs. Which process
dominates can varyin space and time, with season and streamflow levels playing key roles. Understandingthese
processes advances knowledge of phosphorus sources but can also provide insight on ways to store and slow the
export of phosphorus. These processes are subject toactive research and many unknowns still exist.

Soil particles eroded from fields and stream banks become sediments that are carried by swiftly moving water.
Particulate phosphorus attached to suspended sediment settles at spots with slower moving water, such as natural

pools and behind dams. Once deposited in stream channels, especiallyin pools, this sediment can be again
resuspended whenhigher stream flows create the necessary forces (Sharpleyetal., 2013).
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During times oflow streamflow and in warmer months, soluble phosphorus, most oftenrepresented with DRP, is
sunkin the stream networkdueto incorporationby biological growth, predominantly by benthicalgae (Dodds,
2006). This phenomenon has been observed by Ohio EPA. DRP concentrations in the Maumee River near the
Watervillemonitoring station are often nearor below detectable levels during warm, low flow conditions with
excessive benthicalgaematscoveringthe streambed. Most of this captured DRP isreleased backtothe streamas the

algae dies or is washed offin high flows, and via other processes (Withers and]Jarvie, 2008). This process is important
inthe near field settingas excessive benthicalgae can be deleterious to a stream’s local ecological health.

DRP can also adsorb into or desorb out of stream bed sediments due to biogeochemical reactions. Thisis generally
dependent on the nature ofthe sediment and DRP water concentration (Taylor and Kunishi, 1971; Kunishi etal,,
1972).Stream bed sediment is known tohave a certain phosphorus equilibrium concentration. When DRP
concentrations in waters overlying bed sediments are greater than thesediments’ equilibrium concentration, DRP
can be adsorbed. Conversely, DRP can desorb from bed sediments into overlying waters when the water’s DRP
concentration is below the equilibrium; this is often described as “internal” loading. Stream bed equilibrium
concentrationsvaryand are largely dependent on the chemical and geological nature ofthe sediment. Certain
conditions are more favorable for this type of exchange to occur (Sharpleyetal.,2007), and rates can vary greatly
based on these conditions (Froelich, 1988).

ARS studies of ditchesin the Maumee watershed have found that adsorption of DRP in ditches does occur. Fine
sediments trappedby aggrading ditches remove relatively more DRP than recently dredged or “dipped” ditches
(Smith and Pappas, 2007). The implications of these findings support the above implementation suggestion that
more stable ditching practices be installed (i.e., two-stage ditches) rather thanthe traditional trapezoidal channels.

Areview of delivery and cycling of phosphorus in rivers (Withers and Jarvie,2008) noted that phosphorus
transformationsare expected tobe the greatestunder low flow conditions duringthe springand summer, especially
driven by instreamalgalactivity and other eutrophication processes. That work notes, “most phosphorus inputs
delivered under very high flows willbe flushed through without entering the stream biogeochemical pathways.” With
most of the phosphorus exported from the Maumee watershed occurring during high flow periods (Bakeretal.,
2014a)this may indicate that instream processes arenot of prime concern for this project.

However, ithasbeen shown that during high flows itis possible for suspended sedimenttoadsorb soluble
phosphorusin the flowing water. DRP has been found to transform to the particulate form through adsorption to
instream suspended solids during high flow conditions at several Maumee watershed tributaries in a soon to be
published study (King etal., in preparation). This work showed this novel processin 77 out of 78 samplesin the
flowing water. Another study that examined a small Maumee watershed tributary also found sedimentcarried by
high flows may be adsorbing dissolved phosphorus (Williamson etal., 2021a).

Williamson etal. (2021b) focused on the anomalous stream flows, land management, and pollutantdelivery that
occurred in 2019. Several tributary monitoringstations throughout the Maumee watershed were examined. This
work found thatthe 2019 reduction of DRP, but not total phosphorus, observed at Waterville (discussedabove and
shownin Figure 7 from Guoet al. 2021) did not occur at many of the smaller watershed monitoring stations.
Williamson etal. (2021b) explains that this very well could have occurred due to desorption of sediment-bound
phosphorusin those stream channels due tothat year’sreduced DRP ambient water concentrations. This provides
more evidence thatin stream cycling of phosphorus may have implications on a magnitude important to consider.
[talso provides insight astothe time lag that might occur for phosphorus exporttoreduce after phosphorus
watershed imports are abated (as discussed by Muenich etal.,2016; Jarvie etal., 2013).

The Kinget al. (in preparation) study explains that the implications of the stream-water suspended sediment
adsorbing DRP means the process can potentially be providing an environmental service. The paper suggests that
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transforming DRP toa less available particulate form duringhigher flows may account for reducing DRP exports to
Lake Erie by 24 percent, thus decreasingHABs by 61 percent.As explainedabove, long term reductions in
sediment delivery tothe Maumee watershed may mean that this ecosystemservice has likewise declined. This

possibly playsarole in the DRP increase in western Lake Erie tributaries since the mid-1990s (as shown by
Rowland etal., 2021).

Instream cycling and even trapping of DRP is an area of very active study in the Maumee watershed and similar
watershed systems.

A USGSresearch project has measured sediment nutrient processes throughout the Maumee River watershed in
2019and 2021. Thiswork, beingled by Dr. Becky Kreiling, involves measuring phosphorus source/sink dynamics
atapproximately 80 sites throughout the basin. Tounderstand the capacity of phosphorus that sedimentcan store,
the phosphorus saturation ratiowill alsobe determined at each site. Instream flux rates of nitrogen are also
included in this work. Models of sediment nutrient dynamics based on land use and sedimentphysiochemical
variables are now being developed and various publications are expected within the nextyear from this effort
(Kreiling, 2021).

A projectbeingled by Dr.James Hood at OSU (HABRI, 2019) will evaluate when and where rivers within the
Maumee watershed are sources or sinks of phosphorus. Separate methods for assessing low and high flow
conditions will be incorporated. The high flow methods will expand upon the King etal. work (in preparation)
which was performed by the same lab. Detailed field studies willbe used tounderstand spatial patterns in
sediment stocks, phosphorus content, and aspects of phosphorus cycling. This will allow for the sources and sinks
of phosphorus to be mapped throughoutthe Maumee River’s watershed stream network. The results from this
work will be used to develop and parameterize instream phosphorus cycling into OSU’s existing SWAT model for
the Maumee (more on modeling below). With the coupling ofinstream processes toupland BMP modeling, the
overall results of this project will improve what is known about BMPs that best address DRP reductions. This
project’s completion date is scheduled tobe December 31,2022.

Another project out of Dr. Hood’slab (HABRI, 2020/2021) includes an evaluation of the sources and chemistry of
sediment moving through the Maumee stream network. Methods will be employedtounderstandhow long
sediment of various sources takes to move though the watershed.Then an examination of the phosphorus cycling
will occur with a focus on phosphorus sorption toand desorption from these sediments. Incorporating this work
with the findings from the study noted in the paragraph above, the King et al. (in preparation) work, and the
Williamson etal., 2021a study will facilitatean improved understanding ofhow sediment source influences the

sediment-DRP exchange during stream transportin high flow events. This project’s completion date is scheduled to
be December31,2023.

A large, paired watershed study currently occurring within the Maumeewatershed (ARS, 2019) will provide
additional insight tonexus agricultural BMPs, nutrient and sediment runoff, and instream processes.Monitoring
for this studyis being organized by the USDA ARS/NRCS Conservation Effects Assessment Project (CEAP) program
with Heidelberg University’s Dr. LauraJohnson as the lead. It focuses on two small watersheds within the
Blanchard River sub-watershed. Water quality and hydrology measurements are taking place in both watersheds
to quantify loads. One will be held as a control while the other will be treated with a dense suite of BMPs. The BMPs
selected will focus most on those promising toreduce DRP runoff (e.g., nutrient management, phosphorus removal
structures)and those thatretain water (e.g., drainage water management, blind inlets). OSU’s Dr. Jay Martin has
obtained a USDA Regional Conservation Partnership Program (RCPP) grant toaugment funding for BMP initiatives
and provide additional research and monitoring as part of this project. This project’s original completion date was
scheduled tobe October 2022. However, the RCPP grant funding BMPs is expected to continue through atleast
2027.Therefore, research findingsfrom this work should continue for several years.
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USGSisundertaking a study to examine most of the factors outlined in the two Hood studies noted above in
Wisconsin’s Fox Riverthatfeeds the Green Bay of Lake Michigan (Kreiling, 2021). Thisworkwill characterize the
sources of sediment nutrients in streams, study theinstreaminteractions (sources and sinks),and incorporate its

findings into watershed models. The intentof this workis toimprove sediment and nutrient export reductionsto
Green Bay managementdecisions. Thishas yet tobeginwith a project completion date expected in two to three years.

NRCS and ARS arejust starting a multiphase CEAP project examining various aspects oflegacy phosphorus (NRCS,
2021). This project covers study areas all across the country, including the WLEB. This workwill develop a
database that quantifies the contribution oflegacy phosphorus at the edge-of-field and watershed scale from
across thelarge study area. Watershed managementrecommendations will be made based on this work. Whatis
learned of phosphorus cycling/movementwill then be incorporated intoan array of watershed models. Thisisa
multimillion-dollar project with the completion date of 2026.

RecommendationstotheIJCin 1980 on Great Lakes bioavailable phosphorus management strategies, noted that
phosphorus discharge to streams, “have a markedly different effect on a downstream lake...compared to the effect
that would resultifphosphorus were dischargeddirectly tothe lake” (Lee etal., 1980). Location of the phosphorus
discharge plays arole as less cycling expected or atleastless time of streambed contact is expected. Dr.James
Larson with USGS isresearching how nutrients(N, P and C) are transformed in the Maumee River mouth in Toledo.

For this project, samples were collected at numerous sites in the river mouth three timesin 2021 (May, July, and
August). The study continues with plans for repeat samplingin 2022 (Kreiling 2021).

Estuary and lake dynamics utilizing monitoringthat moves with pollutant masses (i.e., Lagrangian sampling) have
been studied in the lower Maumee River and throughout the Maumee Bay.Employing these methods, Baker etal.
(2014b) found rapid deposition of suspended sedimentand particulate phosphorus as the river water enters the

bay during high/storm flow periods. These findings keep the emphasis on the DRP as the main driver of western
Lake Erie HABs.

Taken as a whole, these complex processes can be of importance tothe export of phosphorus from the Maumee
watershed. This TMDL project focuses on nutrients delivered to Lake Erie during the spring loadingseason (March
through July). The DRP thatis captured in stream channel primary production, especially in the later part of this
season, may provide a measurableservice. However, the magnitude of this service isassumed tobe minimal,
mainly impacting concentrations during lower flow periods. Alterations toheadwater streams and ditches has
implications tothe erosion and movement of sediment. They also play a role in capturing or releasing DRP. The
DRP transformed to particulate form by suspended solids throughout the watershed may play alarger role in
understanding the changes of DRP loads to western Lake Erie over time. This process seems to occur during higher
flow periods. The loads of suspended solids have changed as has the rate and magnitude of streamflow.

How to best use the understanding of instream processes toachieve phosphorus export reductions is a workin
progress. Ongoing studies may provide more evidence to the overall implicationsofthe whole of these processes.

In addition to promoting stream channel stability, other implementation actions thatmaximize instream
processing, or “sinking”, of DRP may prove useful in the portfolio of recommendations.

2.3. Critical source areas and overall heterogeneity of sources in the Maumee watershed

The Maumee watershed is approximately 5.3 million acres. While its land use is dominated by agricultural row
crop production, the landscape is heterogenous. Land management activities (such as row crop drainage practices)
change in response to that geographic heterogeneity. These factors resultin disproportionate pollutantloads being
delivered from different parts of the watershed. Areas with higher relative pollutantlosses are often termed
critical source areas (CSAs). Analysis of modeling and water quality monitoring provides evidence for CSAs of
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various spatial scales throughout the Maumee watershed. This section will present the current state ofknowledge
of Maumee watershed CSAs.

First, though, areview ofthe watershed’s major ecological and geographical zones.

Ecoregions denote areas of general similarity in ecosystemsand in the type, quality,and quantity of environmental
resources; theyare designed toserve as a spatial framework for the research, assessment, management, and
monitoring of ecosystems and ecosystem components. Ecoregions aredirectlyapplicabletothe immediateneeds of
state agencies including the development of biological criteria and water quality standards as well as the
establishmentof management goalsfor nonpoint source pollution. They arealsorelevanttointegrated ecosystem
management, an ultimate goal of most federaland state resource management agencies. The followingfactors are
considered when determining ecoregions: geology, physiography, vegetation, climate, soils, land use, wildlife,and
hydrology (this paragraph’s content from US EPA, 2012). The Maumee watershed drainstwo ecoregions at the level
[II resolution as defined by US EPA (2012), the Huron /Erie Lake Plains and the Eastern Corn Belt Plains (Figure 23).
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Figure 23. Ecoregions of the Maumee River and adjacent watersheds.

The Huron/Erie Lake Plains ecoregion covers broad, fertile, nearly flat plains punctuated by relict sand dunes,
beach ridges,and end moraines. The soils in this ecoregion were the most poorly drained of all ecoregions in Ohio.
Today, most of the area hasbeen cleared and artificially drained. [t now contains highly productive farms
producing corn, soybeans, livestock, and vegetables. Three subcategories (level V) of this ecoregion existin the
Maumee watershed (USEPA, 2012).
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Much of the Maumee watershed in Ohiois drained by the Huron/Erie Lake Plains, Maumee Lake Plainslevel IV
ecoregion. This areais naturally poorly drained and contains clayey lake deposits, water-worked glacial till, and
fertile soils. Elm-ash swamp forests and beech forests that once existed have been replaced by productive, drained
farmland (US EPA, 2012).

A portion of the Huron/Erie Lake Plains in the Maumee watershed is classified as being in the PauldingPlains level
IV ecoregion. This area drains much of the Auglaize and Tiffin rivers’ watersheds. This lake plain areais
characterized by clayey lacustrinesediment and extensive, very poorly drained, illitic (clay) soils. The near-level to
level and depressional topography supported mostly elm-ash swamp forest but now hasbeen cleared and drained
for soybean, small grain, corn, and hay farming. Surface drains are much more common in this zone, compared to
Maumee Lake Plains, presenting differentnutrient management challenges. Very sluggish, low-gradient streams
and many ditchesare typically turbid and have very high loads of suspended clay (US EPA, 2012).

The final level IV ecoregion within the Maumee watershed’s Huron /Erie Lake Plains is the Oak Openings. Thisis a
belt of low, often wooded, sand dunes and paleobeach ridges that are situated amongthe broad, nearly flat,
agricultural plains of the Maumee Lake Plains. This area drains small tributaries north ofthe Maumee River in its
downstream reaches, central Fulton County and much of Lucas County. Well-drained, sandy soils are common and
originally supported mixed oak forests and oak savanna; poorly-drained depressions with wet prairies were also

found. Today, general farms, residential development, oakwoodland, and sand quarries occur in the Oak Openings
region (US EPA, 2012).

The Eastern Corn Belt Plains, level 1] ecoregion, are primarily a rolling till plain with local end moraines. Corn,
soybean, wheat, and livestock farming is dominant and has replaced the original beech forests and scattered elm-
ash swamp forests. The Maumee portion of this ecoregion is noted as havingless productive soils and more tile
drainage compared to other areas of the Eastern Corn Belt Plains across the Midwest. This ecoregion generally
rings the upper portions of the Maumee watershedto the west and south. [t primarily drains the two tributaries

that form the Maumee River (the St. Joseph and St. Marys rivers), the headwaters of some of the upper Auglaize
River tributaries, and the upstream portion of the Blanchard Riverwatershed (US EPA, 2012).

Watershed models have been usedtoidentify CSAs of nonpoint sources in watersheds. An advantage of using the
SWAT modelis that pollutantloads can be determined whilefinding CSAs. For instance,a study of several
agriculturallydominated watersheds in Oklahoma found 22 percent of sediment and phosphorus exportloads
were from only 5 percent of the area (White etal., 2009). Various methods have been used to structure SWAT and
other modelsto determine CSAs in the Maumee. These will be discussed throughout the remainder of this section.

The use of tributary water quality monitoring stations also provides evidenceto compare portions ofthe Maumee
watershed. This is water quality monitoring at USGS streamflow gages in a fashion similar to the station on the
Maumee River at Waterville, describedabove. Combined, Heidelberg’s NCWQRand USGS currently maintain 29 of
these stationsin the Maumee watershedin addition to Waterville (see Figure 24). More detail on these stations and
results data have been compiled in OLEC, 2020a. Monitoring at the majority of these stations did not start until
after 2014. For many of them, there is only now enough results tobegin detailed analyses. This section will present

some of these new analyses in considering CSAs. These sites will alsobe used for tracking progress of nutrient
reductions as outlined in the implementation section of this TMDL.
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Figure 24. Network of continuous water quality monitoring stations throughout the Maumee River watershed at USGS
streamflow gages. The various water quality sampling agencies are noted.

2.3.1. Ohio’s 2017 WLEB Collaborative Implementation Framework and Scavia et al., 2016

A detailed effort by Scaviaetal. (2016) uses ensemble modeling to examine nutrient export in the Maumee

watershed’s HUC-12s (small watershed management units). This report considers the results from modeling

analyses carried out by its coauthors, a wide range of resource experts from University of Michigan, OSU, ARS,

LimnoTech (a consultancy), Heidelberg University, USGS, The Nature Conservancy and Texas A&M. Five SWAT

models and one SPAtially Referenced Regressions on Watershedattributes (SPARROW) model are examined and
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aggregated. One product of this reportis the identification of “hotspot” subwatersheds. These hotspots are
determined by agreementamong the various models on the top 20 percent of nutrient export (Figure 25). Note
thatthe workthat wentintothe Scavia et al. (2016) report was later published in an academicjournal by Scavia et
al. (2017).
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Figure 25. Potential “hotspots” of nutrient export to WLEB in the Maumee River watershed identified by comparing
multiple models. Scale is 0 to 5 based on models in agreement. There were six models used in the total phosphorus
map, however all six models did not agree onany area. Only five models are used in the DRP map. Figure source: Scavia
etal. (2016).

Inearly 2017, the state of Ohio released a collaborative implementation frameworkreportintendedtoserve asa
pathway for developing the state’s first Domestic Action Plan (OLEC, 2017). Utilizing results from the Scavia et al.
(2016) reportand various other data sources, thisreport divided the Ohio Maumee watershed HUC-12sinto three
priority levels for phosphorusloss. Twenty-four HUC 12s were identified as the top priority. These top priority
HUC 12s were each assigned to one of four primary phosphorusloss source mechanism categories. The following
briefly summarizes these categories as outlined in the OLEC (2017) report:

e Fourteenofthe 24 top priority HUC-12s were identified dueto a high density of soils in the hydrologic group
D. These soils were characterized by verylow infiltration rates evenwhendrained. Most of these HUC-12s are
inthe PauldingPlains portion ofthe Erie Huron Lake Plaines ecoregion. The low infiltration rates may result
inreduced effectiveness of subsurface drainage systems, so drainage practices couldinclude surface
enhancements that may promote surfacerunoff. The SWAT models generally identify these regions as being a
high source of DRP loading. The models predictthe potential for elevated DRP loadingwhensubsurface
drainage intensityis high. Twelve ofthese 14 HUC-12sare south ofthe mainstem Maumee River.

e Five of the top priority HUC-12s were identified with the primary source of phosphorus bound to sediment
eroded from agricultural fields. These areas, within the Eastern Corn Belt ecoregion, have some ofthe
highest overallland slopes due tobeing crossed by glacial end moraines. The greater energy generated by
these slopesincreases the potential for soil erosion and thus particulate phosphorus. Four of these five
HUC-12sare south of the mainstem MaumeeRiver.

e TwoHUC-12swereidentifiedasbeingtop priorities due to high livestock density. Ratherthan basing this
on modeling results, the Collaborative reportused resultsfrom water quality monitoring and other
available sources of data to determine these watersheds. One of these two HUC-12s is south of the
mainstem Maumee River.
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e Finally, three HUC-12s fell into the top priority due tovariouslandscape characteristics. These watersheds
were identified by the Scavia etal. (2016) ensemble modeling report as hotspots, but do not fall into any of

the three previous categories listed above. All three ofthese HUC-12s are south of the mainstem Maumee
River.

[tis importanttounderstandthatall pollutant modeling haslimitations of resolution. These start with the inputs
and are carried through modeling computations into the outputs. One limitation with regards tothe SWAT models
examined in Scavia etal. (2016)is that existing row crop agricultural practices (for example, planting, tilling, and
fertilizing) and pollutant reduction BMPs are not input with geographicdetail at the HUC 12 level. Since that effort,
SWAT modeling advances have been made in the Maumee models. Many of those studies have been discussed
above. Before explaining the modelingstudies regarding CSAs, the more recent Ohio efforts toward nutrient
reduction are outlined next.

2.3.2. Ohio’s 2018 and 2020 Domestic Action Plans

In 2018, the state of Ohio progressed past the priority subwatershed conceptused in the 2017 Collaborative with
therelease of the Ohio Domestic Action Plan 1.0 and subsequent1.1 update (OLEC, 2018). While the ensemble
modeling from Scavia etal. (2016) was still discussed in these documents, emphasis was put on the need for
phosphorusreductions throughout the entire Maumee watershed. These documents also stressed the continued
support for the water quality monitoring network, described in the section above, which was maturing to close to
itscurrent,i.e., 2022, state.

The Ohio Domestic Action Plan was updated in 2020 with new materialrelevanttoidentifying CSAsin the Maumee
watershed (OLEC, 2020b; hereinreferredtoas “Ohio DAP 2020”). In this report, the emphasis on phosphorus
reductions throughout the entire Maumee watershed was combined with new analyses on the geographic
variations of phosphorus delivery. At the basin scale, Ohio’s Nutrient Mass Balance methods wereaugmented with
relevantliterature review of phosphorus sources to distribute nonpoint sources of total phosphorus tothree land
use/cover categories: agricultural, developed, and natural. Ohio DAP 2020 calculationswere carried out for the
Annex 4 targets base spring season of 2008. This resulted in determining that85 percent of Ohio’s contribution of
total phosphorusload was sourced from agricultural lands. Developedland contributedabout six percent,
comparable tothe 7 percent total load from wastewater treatmentfacilities. Note thatdevelopedland in the Ohio
DAP 2020 analysis did not divide non-agricultural storm water from permitted or unpermitted areas as described

in this TMDL. The Ohio DAP 2020 work found that HSTS and natural lands contribute around 2 percentand 1
percent of the watershed’s total phosphorus spring 2008 base load, respectively.

The Ohio DAP 2020 analysis alsoanalyzed the spring 2008 base load distribution throughout the Maumee
watershed’s HUC-12s. Todeterminethis, a hydrology analysis was carried out of stream gages throughout the
watershed. Similar toresults documented by Williams et al. (2020), this work determined that the southern, and
particularly southwestern, part ofthe watershed does deliver relatively more water. This analysis was used to
determine a hydrologic weighting factor for each HUC-12. This, combined with the land use/coverdistribution

carried out at the basin scale, resultsin calculated total phosphorusyields for each HUC-12. Figure 26 shows the
spring 2008 baseline total phosphorus yield (mass per area) results for Ohio’s Maumee watershed HUC-12s.
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Figure 26. Total phosphorus yield from the landscape by HUC-12 in the Maumee watershed for the spring 2008 base
condition from the 2020 Domestic Action Plan (OLEC, 2020b).

Based on this work, the part of the watershed south ofthe mainstem river contributes a greater proportion of total
phosphorus. While higher stream discharge in the south factors into this,land use is also important. Note on Figure
26 thelighter shaded HUC 12s around the Lima, Findlay, and Defiance developedareas. This reflects the fact that

the Ohio DAP 2020 method calculated developed land to contribute halfthe total phosphorus compared to
agricultural landsbefore accounting for the hydrologic weighting factor.
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The Ohio DAP 2020 provided the spring 2008 baselinetotal phosphorusloads for the three land use categories and
HSTS for each Maumee watershed HUC 12 within Ohio. It also calculated a “landscapetarget” by taking a

40 percent cut from the total of those four sources. The intent of this work was to provide watershed managers
with quantifiabletargets that could be used for implementation planning.

2.3.3. Ohio Nutrient Mass Balance 2020
Another existing state of Ohioled effort to discuss Maumee CSAs is Ohio EPA’s 2020 Nutrient Mass Balancereport

(Ohio EPA, 2020b). Thisreportincluded an analysis of several Maumee watershed subwatersheds. This includes
major portions of seven tributaries in the Maumee: the St. Joseph and St. Marys rivers to the Ohio/Indiana state
line, most of the Tiffin, Ottawa, and Blanchard riversand the upper portion of the Auglaize River (Figure 27). The
areaincluded in this analysis covers 52 percent of the total Maumee watershed.
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Figure 27. Maumee River subwatershed areas includedin the Nutrient Mass Balance 2020 analysis. From Ohio EPA,
2020b.

In general, the Maumee watershed is dominated by agricultural production, which occupies 77 percent of the total
watershed. However,as noted on Figure 3,above, there is a higher proportion of natural areas north of the
Maumee River mainstem. Figure 28 shows land use for the seven tributaries included in the NutrientMass Balance
2020 subwatershed analysis. The land use in this figure only characterizes the area upstream of the pour point on
each tributary (the same area the map in Figure 27). Ofthese subwatersheds, the two northerntributaries, the St.
Joseph and Tiffin river watersheds, drain the highest percentage of natural lands. The Ottawa Riverwatershed has
the greatest percent of developed land due toitdraining the greater Lima area. The Blanchard River watershed
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drainsthe developed Findlay area, but because itis an overall larger watershed, developed land does not take up
as much a proportion. The St. Marys and Little Auglaize rivers’ watersheds drain the greatest percentage of
agricultural land among these seven tributaries.
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Figure 28. Distribution of major land use and land cover categories Maumee River sub-watersheds. Shown as percent of
total watershed area. Stacked bars represent the area indicated by the map in Figure 27. Material and documentation.

From Ohio EPA, 2020b.

Figure 29 shows the nonpoint source total phosphorus yield of the Maumee subwatersheds for water year 2018, as
presented in the 2020 NutrientMass Balance. This represents the amountofnonpoint source normalized by the
land area in each tributary’s watershed, presented in pounds per acre. The stacked barsin Figure 30 shows total
phosphorusloading sources. Itisimportant tonote that because nutrientloading is primarily driven by high
streamflow events, comparing different watersheds by only looking at one year of data can be influenced by
localized weather. That is, some watersheds may have had more runoff producing rain events than othersin water

year 2018.
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Figure 29. Total phosphorus nonpoint source yields for subwatersheds of the Maumee River shown on Figure 27 for
water year2018. From Ohio EPA, 2020b.
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Figure 30. Total phosphorus loads, in metric tons, for subwatersheds of the Maumee River shown on Figure NMB-SUB-
MAP forwateryear2018. From Ohio EPA, 2020b.

Like the greater Maumee River watershed, nonpoint source dominated the total phosphorusloadingin all
tributaries. Even considering this caveat, on Figure 30 the order of greatest toleast total loads for each tributary is
roughly the same asthe largest tosmallest watershedareas (areas are noted below each tributary’s name in Figure
29 and Figure 30). However, differences among the watersheds are apparent.

On Figure 30, the tributary with the greatest permitted wastewater NPDES load is Ottawa River. This reflects the
population and industry in the greater Lima area.

On Figure 29, the Little Auglaize and St. Marys watersheds have the greatest nonpointsource yield for total
phosphorus of all the tributaries examined. As noted above, these two subwatersheds drainthe largest amount of
agricultural area.

Reduced loadingin the St. Joseph and Tiffin rivers’ watershedsislikely due to the greater amount of natural area in
these watersheds. The 2020 Nutrient Mass Balance points out the upper Auglaize Riverwatershed stands out as
havingalower water year 2018 FWMC and nonpoint source yield. This subwatershed also drains a higher relative
proportion of natural lands. However, the upper Auglaize River watershedhad a relatively higher FWMC in the
wateryear 2017 whenitreceived a greater amount of streamflow yield compared towater year 2018.

Overall, thisanalysis uses real monitoring data and nutrientmass balancemethods to provide supporting evidence
to the results of the Maumee HUC-12 far-field total phosphorus targets workin the 2020 Domestic Action Plan
(OLEC, 2020b). Both analysesindicate thatthe southernsection parts of the Maumee watershed contribute greater
amounts of total phosphorusrelative tothe other tributaries.

2.3.4. Published modelingon Maumee watershed critical source areas

USGS maintains a modeling program called SPARROW. This uses a hybrid mass balance and statisticalapproach to
simulate pollutanttransport. “SPARROW models simulate long-term mean-annual transportgiven source inputs
and management practices similar to a given base year”, Robertson etal. (2019). The 2019 publication outlined
phosphorus and nitrogen transport for the complete Great Lakes Basin using2002 as its base year.

Figure 31 shows the total phosphorusload broken down by sources for the seven Maumee HUC-8 watersheds
based on this modeling approach. Data used to develop this figure were provided as supporting information from
the Robertson etal. (2019) publication. Itisimportant tonote the loads on this figure are calculated as what the
entire HUC-8 contributes; thisincludes parts of the watersheds in Michigan and Indiana. The two Maumee and one
Auglaize HUC-8sresults donot include upstream loads delivered to those watersheds, i.e., only loads “produced”
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within each HUC-8 is shown. Also note that these figures were produced using statistical models which differs from
the Nutrient Mass Balance reports shown above and new analysisprovided below whichare based on water
quality monitoring.
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Figure 31. Total phosphorus loads in the Maumee River watershed HUC-8s with sources shownbased on SPARROW
modeling of the 2002 base year. Figure developed from supporting information provided by Robertsonetal., 2019.

The Robertson etal. (2019) paper does not provide a detailed explanation of what it categorizes as otheragricultural
sources. It describestheseasloadsin additionto fertilizer and manure, “whichrepresents generallosses from

agriculturalareas, such as natural sources andincreasedlosses caused by agricultural activity.” Soil stored/legacy
sources of phosphorus, which are described several subsections above, likely contribute to this category.

Figure 32 shows the total phosphorusload for each HUC-8 watershed plottedagainstits drainage area. Note that
the drainage area of contributing watersheds to the lower Maumee and Auglaize HUC-8sare not included in this
calculation. The St. Marys, Blanchard, and Tiffin HUC-8s all drain similar sized areas, which allowed for an
interesting comparison. As previously noted, the northern Tiffin watershed contributes only about halfas much as
the southern St Marys’. The yield for the Tiffin watershed from this analysisis 0.29 MT/mi2 while the St. Marys’ is
0.50 MT/mi2. Additionally, the lower Maumee and St.Joseph HUC-8s have similar sized drainage areas. Again, the
northern watershed, St. Joseph, contributes markedly less than the lower Maumee. The St. Joseph’s yieldis 0.21
MT/mi2 and the lower Maumee’sis 0.46 MT/mi2. The Auglaize and Blanchard watersheds’ yields are in between
the four HUC-8s already noted at 0.43 MT/mi2 and 0.38 MT/mi2, respectively.

A different statistical examination of stream flows and nutrient monitoring reported similar heterogeneity in the
Maumee watershed.Choquette etal. (2019) documented increasing higher stream flows in the St. Marys near Ft.
Wayne gage while nearly flat trends in the St. Joseph River near Ft. Wayne gage. This workalso found increasing
total phosphorus annual yields at two St. Marys sites while reducing yields at the lower St. Joseph gage. The study
calls out greater flow regulation and less extensiverow cropsin St. Joseph watershed comparedto the St. Marys
watershed as a potential explanation for these findings. Certainly,spatial differences in stream discharge, as
documented by Williams and King (2020) play arole as well.
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Figure 32. Total phosphorus loads in the Maumee River watershed HUC 8s plotted against the HUC8s drainage area
from SPARROW modeling of the 2002 base year. Figure developed from supporting information provided by Robertson
etal,20109.

CSAswere evaluated througha multi-SWAT model evaluation by Evenson etal. (2021). For each model], the

20 percentof HUC-12 subwatersheds (ofthe 252 HUC-12 subwatersheds in the Maumee watershed) with the
highest export of flow, total phosphorus, DRP, total nitrogen, and total suspended solids were identified as CSAs.
The CSAs between models were thenevaluated statistically and graphically to determine patterns.

Generally, the multi-modeling did not agree on the location of CSAs: “the overwhelming majority of HUC 12s
identified as CSAs were identified as such by a minority of models” (Evenson etal., 2021). This observation
suggests that the modelsare notasaccurate atthe HUC-12 scale, probably due to calibration mostly at the large-
basin scale, butalsoperhapsreflecting underlyingweaknessesin SWAT.

The quantity of fertilizer application per HUC-12 subwatershed was evaluated within the CSAs to determine ifthe
quantity of fertilizer applied was correlated to CSA identification. The authors generally found that CSAs were
more likely to be identified in areas with higherfertilizer application, but that fertilizer application did not explain
much of the variation of model outputs (Evenson etal., 2021). They concluded that “fertilizer application rates
were only weakly related to nutrient export and thus CSA location for most [of the SWAT] models” (Evenson etal.,
2021).

In the statewide soil phosphorus balance study by Daytonetal., (2020), noted above, all but two counties that drain
the Maumee watershed werefound to have a negative phosphorus balancetrend by 2014.0nly Mercerand Lucas
counties were found to have phosphorus inputs that exceeded outputs. The increase in Mercer County is most likely
duetoanincrease inlivestock farms around the Grand Lake St. Maryswatershed, outside of the Maumee watershed.
Negative phosphorusbalanceswere foundin the two counties neighboringMercer withinthe Maumee watershed:
Van Wert County to the north,and Auglaize County to the east. This study also found Pauldingand Hancock counites
were among the four counties with the greatest statewide decreasein soil phosphorusbalance.
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2.3.5. Ohio EPA analysis of Maumee watershed phosphorus monitoring data

The following presents newanalysis on the results from thetributary water quality monitoring stations presented
above and shown in Figure 24.The total phosphorus and DRP spring season FWMCsand loadsused have been
calculated by whichever organization monitorseach site, either Heidelberg’s NCWQR or USGS. Dailyloads and
concentrations are also examined for several stations monitored by USGS. Theseresultsare calculated based on
extremely robust sampling programs andall stationsare at USGS streamflow gages with continuous discharge
monitored.

Ohio EPA also collects water quality monitoring data from stream sites throughout the state, including the Maumee
watershed. An extensive number of samples, well over 10,000,have been collected at hundredsof sites throughout
the watershed over several decades. These samples intend toreflect conditions impacting near-field beneficial
uses, mostly aquaticlife use. The vast majority of these samples have been collected during summertime, low flow
conditions. These conditions make pollutant sources that continuously discharge, such as wastewater treatment
plants, appear more prominent. Runoffdriven sources, such as most nonpoint sources, are conversely less
apparent due tothis sampling bias. These samples differ from the NCWQR and USGS samples in that Ohio EPA
collectsrelatively few samples at many locations. While Ohio EPA’s data collection is useful tounderstand near-
field impacts to streams throughout the watershed, they are of much less value in understanding nutrient delivery
relevanttothis TMDL. The NCWQR and USGS samples are collected expressly to understand seasonal and annual
loads. Thousands of samples are collected at a small number of key locations with continuous streamflow gaging.
Every single high flow event and either a daily or weekly steady-flow condition is sampled at these sites. Because of
the extremely high quality of data for understandingloads is available from NCWQR and USGS, Ohio EPA’s water
quality samples will not be used for this analysis.

Figure 33 shows the total phosphorus and DRP springloads for 3 years, 2018 through 2020, plotted against each
station’s drainage area. Stations thatare north and south ofthe Maumee River mainstem, as well as the mainstem
river stations, are each noted with different symbols on this figure. Note that unlike the results from the SPARROW
modeling, shown above, these are the measuredloads at each station. Therefore, all the load that passes each
monitoring station, includingloads captured upstreamby “nested” monitoring stations, are included in these
results. As expected, the magnitude ofloads generally increases with increasing drainagearea. However, there are
some visible differences between the southern and northern sites, especially in the 2019 and 2020 years for both

parameters. The southerntributary sites appeartobe on a higherload to drainage area trend than the northern
sitesin this analysis.

Loadsare calculated as the product of streamflow and concentration with applicable unitconversion factors. An
examination of streamflow and concentrations helps tounderstand the differencebetween the northern and
southern tributaries, as well as some of the loads labeled on Figure 33. Figure 34 shows the normalized spring
stream discharge for all Maumee watershed monitoring stations from 2014-2020, again withthe same symbols for
stations’ geography. In some of the years, most of the southern sitesappear tohave greater streamflowthan the
majority of the northern sites; however, thisis not always the case (see 2018). This is an indication that the

northern sites overall experienced more precipitationin the 2018 spring - an apparent anomaly comparedtothe
other years examined on this figure.
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Figure 33. Total phosphorus (left) and dissolved reactive phosphors (right) loads for three different years plotted against
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Figure 34. Spring stream discharge water yield for all Maumee watershed monitoring stations with available water
quality data 2014 through 2020. Stations north and south of the Maumee River mainstem and stations on the
mainstem are shown with different symbols. Not all stations have available dataforeach year.

Figure 35 shows the flow-weighted mean total phosphorus and DRP concentrations of all stations for the spring
seasons of 2018 through 2020. Notably, the southern sites generally have more elevated FWMCs than the northern
sites. Figure 36 shows the FWMCs for all years available for each station from 2014 through 2020. Again, the

southern sites having more elevated total phosphorus and DRP FWMC overall is noticeable when examining
FWMC s in this figure.

Figure 37 shows the distribution of daily spring season DRP concentrations for the key tributariesincluded in
Ohio’s 2020 NutrientMass Balance study, withmap shown above in Figure 27. This analysis includes all daily DRP
concentrations available for each assessmentsite (period of record for each site islisted on Table 6). The
interquartile range (the halfofthe distribution within the boxes; betweenthe 75th and 25th percentiles) of these
distributions continue to show similar trends as noted above with FWMCs. Most notable is the difference between
the northern St.Joseph River and southern St. Marys River. The Ottawa and Auglaize rivers, both draining southern
watersheds, are alsonoticeably higher than the northern Tiffin River. The Little Auglaize River, draining a southern
watershed, however,appearstobe closer tothe lower concentration northern sites. That station experiences

backwater when the mainstem Auglaize River is elevated. Days when backwater conditions occurred at the Little
Auglaize station were removed from this analysis.
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mainstem are shown with different symbols. Not all stations have available dataforeach year.
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Figure 37. Distribution boxplots of spring DRP daily concentrations for select Maumee watershed tributary monitoring
stations. A map of these stations’ watersheds is shown above in Figure 27.

Table 6. Median daily spring DRP concentration broken down by flow regime for select water quality monitoring
stations. Values overthe Annex 4 FWMC DRPtarget of 0.05 mg/L are bolded. Those 0.15 mg/L or greater are
underlined.

Median spring DRP conc. (mg/L) at various

flow regimes* Period of record:

Spring seasons

Site High Moist Mid Dry Low

04178000 StJosephR nr Newville, IN 0.09 0.04 0.04 0.06 NA 2017-2020
04181049 St. Marys R at Wilshire 0.18 0.14 0.06 0.08 0.15 2017-2020
04183038 Black Ck nr Harlan, IN 0.20 0.06 0.06 0.09 0.18 2016-2019
04183979 Platter Ck nr Sherwood 0.12 0.05 0.01 0.01 NA 2017-2020
04185318 Tiffin R nr Evansport 0.10 0.06 0.05 0.08 0.10 2014-2020
04186500 Auglaize Rnr FortJennings 0.12 0.08 0.05 0.08 0.18 2014-2020
04188100 Ottawa River near Kalida 0.12 0.08 0.08 0.17 0.24 2014-2020
04190000 BlanchardR near Dupont 0.13 0.08 0.07 0.11 0.12 2014-2020
04191058 L. Auglaize R at Melrose’ 0.11 0.06 0.02 0.01 NA 2015-2020
04191444 L Flatrock Ck nr Junction 0.14 0.10 0.07 0.16 NA 2017-2020

* Flow regimes exceedance percentile range: High 0-10, moist 10-40, mid 40-60, dry 60-90, low 90-100.
" Little Auglaize River results notincluded in this analysis when river was in backwater conditions.

In order to bring streamflow into the analysis of daily DRP concentrations, several stations were plottedwith a
concentration exceedance curve.Figure 38 shows an example of one of these curves. Note that the daily
concentrations are plotted based that day’s streamflow exceedance percentile. The curve is broken up into five
flow regimes that Ohio EPA regularly uses toassess pollutants. In this St. Marys River example, more elevated DRP
concentrations are observed in the higher flow regimens compared to the mid-range flows. Concentrations are
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slightly higher in the mid-range flows compared tothe dry conditions. There are very few concentrations in the

low flow regime mainly becausethese are concentrations only from the spring season, and lower flows generally
occur outside of March through July.

04181049 St. Marys River at Wilshire
¢ Sample (filled if day's flow = 50% runoff)

06 [ I | ]
High Flows Moist Conditions Mid-range Flows Dry Conditions Low Flows

©

0.4

Spring DRP (mg/L)

Flow duration interval (% of time flow exceeded)

Figure 38. Concentration exceedance curve of spring DRP daily concentrations of the St. Marys at Wilshire sampling
location. Diamonds represent daily concentrations throughout the 2017 through 2020 spring seasons. Filled diamonds
indicate days where streamflow had greaterthan orequal to 50 percent runoff based on baseflow separation methods.

Table 6 and Table 7 show the median and 75th percentilespring season daily DRP concentration in the same
subset of sites examined in Figure 37, with a few additional stations, broken down by flow regime. The majority of
the phosphorus export occurs during higher flows, as explained above in this source assessment, and therefore a
focus should be on the high and moist flow regimes on these tables. The same general trends as observed in the St.
Marys River example, Figure 38, is presentfor most sites. The middle flow condition has the lowest DRP
concentrations. The concentration increases from the mid flow condition with greater streamflow. And a
somewhat less steep increase occurs as stream flows reduce tothe dry and low conditions. However, the Ottawa
and Blanchard rivers stations have a steeperincrease in the lower flow conditions than the other sites. Thisis
expected due tothe major wastewater treatment plants upstreamof these stations. As stream flow decreases, the
plants continue to discharge at steady rates, the influence of their concentrated effluents becomes observable.

The St. Joseph and Tiffin rivers’sites, both representinga sizable portion of the northern drainagearea, are
reduced compared tothe southern tributaries, best examined by the St. Marys, Auglaize, Ottawa,and Blanchard
riverssites on the tables. As suggested by modeling datareported earlier in this CSA section, the southern

tributaries contribute more phosphorusloads than the northern tributaries. The results presented here confirm
with observed water quality datathat this occurs.
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Table 7. 75th percentile daily spring DRP concentration broken down by flow regime for select water quality monitoring
stations. Values overthe Annex 4 FWMC DRPtarget of 0.05 mg/L are bolded. Those 0.15 mg/Lor greaterare
underlined.

75t pert. springDRP conc. (mg/L) at various

flow regimes* Period of record:

Spring seasons

Site High Moist Mid Dry Low

04178000 StJosephR nr Newville, IN 0.11  0.07 0.06 0.07 NA 2017-2020
04181049 St. Marys R at Wilshire 0.21 0.16 0.09 0.10 0.16 2017-2020
04183038 Black Ck nr Harlan, IN 0.27 0.10 0.09 0.09 0.20 2016-2019
04183979 Platter Ck nr Sherwood 0.15 0.07 0.02 o0.01 NA 2017-2020
04185318 Tiffin R nr Evansport 0.14 0.08 0.07 0.09 0.10 2014-2020
04186500 Auglaize Rnr FortJennings 0.16 0.11 0.08 0.11 0.20 2014-2020
04188100 Ottawa River near Kalida 0.15 0.14 0.15 0.21 0.28 2014-2020
04190000 BlanchardR near Dupont 0.15 0.11 0.11 0.12 0.16 2014-2020
04191058 L. Auglaize R at Melrose’ 0.14 0.09 0.04 0.03 NA 2015-2020
04191444 L Flatrock Ck nr Junction 0.17 0.15 0.13 0.37 NA 2017-2020

* Flow regimes exceedance percentile range: High 0-10, moist 10-40, mid 40-60, dry 60-90, low 90-100.
" Little Auglaize River results notincluded in this analysis when river was in backwater conditions.

Figure 39 summarizes by HUC-8 the distributions of Ohio HUC-12’s nonpoint source total phosphorusyield (mass
perarea, in pounds per acre) for the 2008 spring base year based on the methods used in the Ohio’s 2020 Domestic
Action Plan (OLEC, 2020b). This work is summarized above with a map showing these results in Figure 26. This
new conceptualization is presented hereto summarize the differences from the northern versus southern parts of
the Maumee watershed. The interquartile range of HUC-12 total phosphorus yields for the northern St. Joseph and

Tiffin HUC-8s is completely below the St. Marys, Auglaize, and Blanchard HUC-8s in the south. The upper and lower
Maumee HUC-8s are transitionary between the northern and southern HUC-8s.

The figures and tables described here show that concentrations delivered from all monitored stations are greater
than the Annex 4 target for the Maumee River at Waterville. Therefore, while evidence points to the fact that the
southern watersheds deliver a greateramount of phosphorusload tothe Maumee River, and should therefore be
considered CSAs, the phosphorus reductions are still required throughoutthe greater Maumee watershed.

The following paragraphs examine some specific watersheds based on results from individual monitoring stations.

The St. Marys River at Wilshire site monitors the St. Marys River close to where it flows out of Ohio and into
Indiana. This assessment site has consistently elevated DRP concentrations comparedto most other sites. On
Figure 36 thissite, and the other St. Marys assessment site further downstreamin Indiana, is noted to have the
highest concentration of DRP for every year monitoring occurred, with the exception of Black Creekand Platter
Creek’s 2017 result. The St. Marys River watershed is the most southwestern HUC-8 of the greater Maumee

watershed. It has experiencedamong the greatestincreasesin rainfall (Figure 17) and has some of the densest
agriculturalland use (Figure 28).

Platter Creek stands out as having relatively elevated phosphorus concentrations based on its drainage area
(Figure 35) and compared to other “northern” sites (Figure 36). This small, direct tothe Maumee River watershed
is only just north of the mainstem in western Defiance County. DRP concentrations are more elevated in higher

flows (Table 6 and Table 7). Dense agricultural use while beingon the margin of more elevated hydrology, makes
this watershed’s phosphorus exports appear more like a typical “southern” watershed.
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Figure 39. Distribution boxplots of spring 2008 HUC-12 totalphosphorus daily nonpoint source yields, in pounds per
acre, summarized by HUC-8s. Average HUC-12 yield for each HUC-8 shown with a diamond. From far-field target
analysis explained above and documented in the 2020 Domestic Action Plan (OLEC, 2020b)

Black Creek stands out on several of the figures and tables presented in this section. Thisis a small, direct tothe
Maumee River tributary in Indiana.Its drainagearea is close to the Maumee River north of the mainstem. Because
of this geography, this assessment site has been plottedas a northern site in many of the figures shown below.
However, both total phosphorus and DRP concentrations for Black Creekare very elevated compared toall other
assessmentsites, see Figure 36. The exported phosphorusload from Black Creekis not elevated in relation toits
drainage area size, however, asnoted for 2019 in Figure 33. Thisis because of relatively lower stream discharge
measured, see Figure 34. Thisis a densely row cropped watershed withsome unique managementpractices.

However, beingin Indiana, this watershed will not be discussed further. Much published research is available
regarding Black Creek, see Williamson etal.,2019,2020,2021a,and 2021b.

Little Flatrock Creekis another small, monitored tributary in Paulding County. This Auglaize Rivertributary drains
part of the Paulding Plains described above as having very poorly drained, high clay soils. This watershed is within
the area of the watershed with greaterprecipitation and denser agriculture. Elevated phosphorus concentrations
are expected. Monitoring results for the Little Flatrock station show very elevated total phosphorus
concentrations, but notamong the top DRP concentrations relative toall assessed stations (Figure 35 and Figure
36). When examining Little Flatrock’s DRP concentrations broken down by flow regimes, however, they are among
the highestin the dry flow condition, suggesting a more continuous source is present (Table 6 and Table 7). Table 8
and Table 9 show the median and 75th percentile, respectively, ofthe daily DRP to total phosphorusload ratio for
selectassessment broken down by flow regimes. Little Flatrock has the lowest ratio of sites assessed on both tables
for the high flow regime. These observations suggestthat the increased clay sediment material suspended may be
adsorbing DRP in higher flows relative to other monitoring stations. This phenomenon is describedin the instream
processes discussion above in Section 2.2.4.
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Table 8. Median daily spring DRP to total phosphorus load ratios broken down by flow regime for select water quality
monitoring stations. Values over 50percent are bolded.

Median spring DRP:TP load at various flow regimes* period of record:

Site High% Moist% Mid% Dry% Low% Spring seasons
04178000 StJosephR nr Newville,IN 28 25 30 36 NA 2017-2020
04181049 St. Marys R at Wilshire 30 36 28 29 38 2017-2020
04183038 Black Ck nr Harlan, IN 38 57 59 66 80 2016-2019
04183979 Platter Ck nr Sherwood 22 34 18 12 NA 2017-2020
04185318 Tiffin R nr Evansport 28 27 31 43 45 2014-2020
04186500 AuglaizeRnr FortJennings 26 33 39 53 75 2014-2020
04188100 Ottawa River near Kalida 25 41 53 68 71 2014-2020
04190000 BlanchardR near Dupont 24 28 42 58 60 2014-2020
04191058 L. Auglaize R at Melrose’ 18 27 19 15 NA 2015-2020
04191444 L Flatrock Ck nr Junction 16 30 28 17 NA 2017-2020

* Flow regimes exceedance percentile range: High 0-10, moist 10-40, mid 40-60, dry 60-90, low 90-100.
" Little Auglaize River results notincluded in this analysis when river was in backwater conditions.

Table 9. 75th percentile daily spring DRP to total phosphorus load ratios broken down by flow regime for select water
quality monitoring stations. Values over 50 percent are bolded.

75t pert. spring DRP:TP load at various flow .
Period of record:

regimes*
Spring seasons

Site High% Moist% Mid% Dry% Low%

04178000 StJosephR nr Newville,IN 34 32 35 42 NA 2017-2020
04181049 St. Marys R at Wilshire 35 41 35 38 40 2017-2020
04183038 Black Ck nr Harlan, IN 47 62 63 73 83 2016-2019
04183979 Platter Ck nr Sherwood 31 45 32 18 31 2017-2020
04185318 Tiffin R nr Evansport 36 35 42 51 51 2014-2020
04186500 AuglaizeR nr FortJennings 35 45 60 72 82 2014-2020
04188100 Ottawa River near Kalida 32 51 63 74 75 2014-2020
04190000 BlanchardR near Dupont 35 38 55 66 65 2014-2020
04191058 L. Auglaize R at Melrose’ 30 42 34 25 NA 2015-2020
04191444 | Flatrock Ck nr Junction 24 40 39 18 NA 2017-2020

Wolf Creek stands out as the only monitoring site in the Maumee watershed with more developed land. The Wolf
Creekmonitoring station drains over 28 percent developed land within the western suburbs of the greater Toledo
area (compare this developed land to the land cover of the major tributaries monitoredin the 2020 NutrientMass
Balance; Figure 28). The Wolf Creekmonitoring station is notable for having relatively elevated stream discharge,
see Figure 34 among all stations. This makes sense as a more developed watershed is expected tohave reduced
groundwater seepageand evapotranspiration compared with more agriculturally dense watersheds. Wolf Creek
also stands out as having the lowest total phosphorus and DRP concentrations of all assessed watersheds (Figure
35 and Figure 36). The reduced concentrations are low enough to offset the elevated stream flows in Wolf Creek

resulting in lower phosphorusloads. In Figure 33 the WolfCreekload islabeled for the 2 years of its results as
being well below watersheds of similar drainage area.
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2.4. Summary of Phosphorus Sources
This section provides asummary ofthe many sources of phosphorus that the Maumee watershed exports tothe
Maumee Bay/westernLake Erie system. Table 10 provides alist of the types of sources outlined in this assessment.

Table 10. Summary of various phosphorus sources in the Maumee watershed.

Primarily driven by

Sources Subcategory hydrology?
] - Commercial Yes
Agricultural fertilizer
Manure Yes
8 . Soil erosion Yes
2 Sedimentsources
3 Legacy Yes
w
= Streambank erosion Yes
o
a Instream (stored P export) Sometimes
o
2 Nonpointstormwater Yes
Nonpoint (onsite) HSTS No
Natural lands Yes
Individual NPDES No
Wastewater treatment plants
" General NPDES No
§ MS4 NPDES Yes
=]
2 Permitted stormwater General facility- based NPDES Yes
=}
-§ General construction NPDES Yes
a
Discharging HSTS No
Agricultural fertilizer Biosolids Yes

Several studies have confirmed that alarge majority of the phosphorusloads are the result of nonpoint sources.
While arange of analyses share this finding, this TMDL does not rely on a single, definitive accountingfor the
proportions of detailed sources. For instance, Ohio’s 2020 Domestic Action Plan calculated 84 percentofthe spring
total phosphorusload from Ohio’s portion of the Maumee watershedis from agriculturallands (OLEC, 2020b). A
SWAT modeling source assessment (Kastetal., 2021) calculated agricultural fertilizers and soil sources to
contribute around 95 percent of the total watershed’sspring total phosphorusload. And the statistical SPARROW
modeling (Robertson etal.,2019) determined thatagricultural sources contribute about 73 percent of the entire
watershed’sannualload, usingan older, 2002, base year.

Ratherthan selectinga particular studyto definitively representsource contributions, this assessment intends to
take a weight of evidence approach towards phosphorus sources. Many sources contribute to the phosphorusload.
Nonpoint source, particularly nonpointsources from agriculture, dominate this load. However,there are some
areas of greater uncertainty. For instance, the contribution of streambanks has not been studied or modeled as

intensively as many other sources. And an understandingofthe extent of elevated soil phosphorus, that can
contribute to export vialegacy phosphorus, is only just beginning tobe understood.

This source assessment alsoexamines the late 1990s - early 2000s increasing DRP export trend. Earlierreductions
in phosphorus export from excessive sediment loss and poorly operating wastewater treatment plants have largely
addressed historic water quality issues to Lake Erie and the watershed’s tributaries. However, some of the land use
changesthataddressed sedimenterosion may have helped set the stage for the DRP increases. Hydrological
changes, largely due to changes in precipitation, are also a factor contributing tothe DRP increase. Understanding

69



these issues provides context for addressing elevated DRP with the intent of reducing the annual western Lake Erie
HABs.

The overall intent of this section is to provide scientific rigor to assist in decisions for the TMDL’s implementation
recommendations. Addressing DRP movementwith source management, in addition to the traditional soil
conservation, has great promise for targeting DRP export. Practices thatmanageand slow the movement of water
through the watershedalsoappear tobe poised to address this problem. Phosphorus reduction is required

throughout the Maumee watershed, as evidenced by elevated concentrations at all monitoring stations; however,
there are more opportunities for reduction in some parts ofthe watershed.

This assessment should serve as part of the backbone to this TMDL project. As the science of understanding
phosphorus movement, and remediation actions, progresses, this assessment will incrementally become out-of-
date. The adaptive managementapproach of developing and implementinga TMDL, explained in detail in Section 5,
allows for new science to be incorporated as time progresses.

3. Analysis Methods
This section explains the details of the numeric TMDL development. It reviews the target beingused toaddress
impairments. Descriptions ofthe modeling methods usedto determineexistingsources and initial TMDL

allocations of total phosphorus makes up most of this section. Model verification methods and discussions of other
required TMDL considerations completethe section.

3.1. Targets

Details regarding the development, justification, and ultimate selection of the targets for this TMDL are outlined in
this project’s published Loading and Analysis Plan (Ohio EPA, 2022). In summary, the targets used are based on the
Annex 4 Objectives and Targets Task Team Final Report, “Recommended Phosphorus Loading Targets for Lake
Erie” (Annex4,2015). Phosphorusload targets apply tothe Maumee watershed during the spring period of March
1to]July31.

The Annex 4,2015 targets document explains total and DRP load targets for the Maumee River to the Waterville,
Ohio monitoring point of 860 MT and 186 MT, respectively, for this springloading period. These targetloads are
expected toresultin WLEB HAB blooms at or equal to the blooms observed in 2004 or 2012, which are considered
years with mild, acceptable sized blooms, 90 percent of the time. With targets framed in this manner, they are
translated tobe metin nine out of 10 years.

Only total phosphorusis used to develop TMDL allocations in this project. However, in recognition of its
importance, DRPisincorporated into this TMDL and specifically addressed in several ways. The Annex 4,2015
targets were developed for the Waterville, Ohio monitoringlocation on the Maumee River. Ohio EPA extrapolated
the Waterville total phosphorus target to the mouth of the Maumee River. Table 11 shows both the Waterville and

river mouth targets applicable to this TMDL. As explained in this project’s Loading and Analysis Plan, this equates
toa 39.2 percentreduction from the 2008 baseline condition usedto set these targets.

FWMC that corresponded to these loading targets are also provided in the Annex 4, 2015 targets document for the
Maumee River. These are 0.23 and 0.05 mg/L for total phosphorus and DRP, respectively. These concentration
targets provide abenchmarktotrackprogress of load reduction. FWMCs are used instead of standard
concentrations as this statisticis less sensitive to stream flow fluctuations. This is a helpful addition to the load
targets especially duringspring seasons that may be a great deal wetteror dryer than the norm. TMDLs are
inherentlyload based planning tools, therefore the target concentrations are not included in this TMDL project’s
allocations. The FWMC targets are, however, includedin the Ohio Domestic Action Plan and will be evaluated to
facilitate adaptive implementation.
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Table 11. Maumee Watershed Nutrient TVIDL total phosphorus targets.

Location

Total Phosphorus spring
(March-July) Target

Maumee River at Waterville, Ohio
41.4998,-83.7140

860.0 metric tons*

Maumee River at mouth/Maumee Bay

41.6937, -83.4682

914.4 metric tons*

#To be met 9-0f-10 years to account for interannual flow variability for the March-July period in extreme years.

3.2. Sources of data

Table 12 outlines the data used to determine existing and reduction allocations for this TMDL. Further details of

dataused are explained throughout Section 3.

Table 12. Sources of data used to develop this TMDL project with data processing detailsnoted.

Data Source

Details

Watershedpourpoint

loads NCWQR atHeidelberg

Results are calculated by NCWQRwith water quality
monitoring concentrationsand stream flow data. Available
at ncwar.org (NCWQR, 2022)

Water quality

concentrations NCWQR atHeidelberg

One to three samples collected daily with refrigerated
samplers.Samples arelab analyzed weekly.

USGS Ohio-Kentucky-Indiana

Streamflows Water Science Center

Continuous stream flow stage monitoring convertedinto
stream flow following detailed protocols. Available at
waterdata.usgs.gov/nwis

National Land Cover Database -

Definitive land cover database for the United States. Both

Land use USGS’Earth Resource 2011 and 2019 datasets used (USGS, 2014; Dewitz, 2021).
Observationand Science Center

Facility submitted monitoring effluent concentration and

NPDES effluent data Discharge monitoring records flow rate data as required by NPDES permits. Publicly
available from Ohio EPAuponrequest.

HST,

> Sserved Ohio EPA GIS analysis Analysis combining populationdata and unsewered areas.

population

Population US Census 2010 Census GIS data. Available at census.gov

Unsewered areas Ll\\//IeAr:Ith))rGyNutrlentSource Analysis and GIS data of unsewered areas (TMACOG, 2018).

Based on US Census population
densities

Permitted stormwater
areas (MS4)

MS4 areas within the Maumee watershed were determined
by Ohio EPA staff via GIS analysis.

Permitted stormwater

areas (facility based) Ohio EPA GIS analysis

Used various aerial imageryand property parcel geospatial
data to delineate permitted stormwater areas.

3.3. Methods to assess existing loads

The baseline condition for the Annex 4,2015 targets that this TMDL utilizes is the spring season (March 1 through
July 31) of 2008. Because of this, the existing condition loads developed for this TMDL will be based on an

accounting of this five-month period of that year.

The source assessment of Section 2 outlined a great deal of process-driven modeling efforts that have examined
the Maumee watershed,such asthe SWAT and SPARROW models. Additional discussions of modeling efforts occur
in the implementation actions sections of this report and Appendix 2. These studies are extremelyhelpful in
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understanding sources and guiding implementation of pollutant reductions. Picking one, or an ensemble of these
models to determine existing conditions and TMDL reduction allocations, however, would impose several
disadvantages tothis project. As explainedin this project’s Loading and Analysis Plan (Ohio EPA, 2022), the myriad
of assumptionsrequiredtoparameterize and calibrate mechanistic models would resultin a more inflexible TMDL
than the alternative.Because of this, Ohio EPA is employing an empirical based mass balance method for this
TMDL.

Inthe Ohio DAP 2020, Ohio EPA augmented the state’s nutrient mass balance method to differentiate nonpoint
source loads (Appendix Ain OLEC, 2020b). This involved determining the total phosphorusloads delivered from
agricultural, developed,and naturalareas. This TMDL employs a similar method that was used in the Ohio DAP
2020 tocalculate baseline loads for this TMDL. Changes from the Ohio DAP 2020 method for this TMDL mostly
consider the details regarding point sources. This includes careful accountingfor discharging and stormwater
NPDES permitted facilities and communities. Refer to Table 3, in the earlier source assessmentsection, to see the

various point source categoriesincluded in this TMDL. The source assessmentalsoincludes details about the
various point source types that are accounted for in this part of the report.

The remainder ofthis subsection, 3.3, walks through the existingcondition calculation methods for this TMDL.

3.3.1. Pour point load estimation

Central tothis modified nutrient mass balance method is a monitoring point, herein the pour point, where near-
continuous datais collected by the National Center for Water Quality Research. The pour point on the Maumee
Riverisat Waterville, OH (USGS Gage No.: 04193490). Data are collected one to three times daily, resultingin the
ability to calculate an accurate annual load at thatlocation.

The load calculated at this point is the sum of dailyloads based on the product of USGS daily flow and NCWQR daily
nutrient concentrations (NCWQR, 2022).

3.3.2. Existing overall loading calculation

Equation 1 shows the overall loading calculation. The load discharged by wastewater treatment facilities are
within the regulatory authority of Ohio EPA and representedas WT in equation 1. In addition towaste treatment
facilities, loads from CSOs are alsoregulated by Ohio EPA. HSTS contributions are estimated separately. The
landscape derived loads are separated into two categories: load calculated upstream (UPST) from the pour point
and load calculated downstream (DST) of the pour point. The landscape loading terms includeloads from
agricultural, developed,and naturallands. These components ofloading are presented schematically in Figure 40.
Details of how all these sources were determined are explained in the following sections of thisreport.

Total Load = WT + CSO + HSTS + Landscapeypst + Landscapepgr (1)
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Figure 40. Schematic of sources represented in modified nutrient mass balance.

3.3.3. Existing loads from wastewater treatment facilities

Wastewater treatment facilities report operational data to Ohio EPA. All facilities are required toreport flow
volume. Phosphorusisreported at each facility dependent on factors such as the potential for elevated
concentrations and facility size. The varied reporting from different facilities requires thatloads be estimated using
a method which is flexible and can account for missing data. Equation 2 estimates the genericloading from a
wastewater treatment facility.

Annual Load = Q(in MG)* [TP] * cf (2)

In Equation 2, Q represents a facility’s flow volume in million gallons (MG). The cf term, equal to 3.78451,isa
conversion factor used to convert the product of MG and milligrams per liter intokilograms.

The total phosphorus concentration denoted [TP] in Equation 2, mustbe estimated from either reported data or
assumptions based on similar facilities. Within the Maumee watershed, wastewatertreatmentfacilities are
generally accounted for in two categories: publicfacilities and industrial facilities. The public facilities are further
broken down into subcategories: major (21.0 million gallons per day facility design flow (MGD)), significant minor
(20.5 MGD and <1.0 MGD), minor (=0.1 MGD and <0.5 MGD), package plant (<0.1 MGD) and controlled discharge
lagoons (any size).

To estimate the phosphorus concentration, each facility is placed into one of four groups depending on the type of
plantand available phosphorus monitoringdata. The groups and approaches for calculating phosphorus
concentrations are: 1) industrial facilities reporting phosphorus concentrations - use the median concentration of
phosphorusreported duringthe calculation period; 2) industrial facilities not reporting phosphorus
concentrations - use similar facilities or other means to estimate phosphorus concentrations; 3) sewage treatment
facilities reporting phosphorus concentrations - use the median phosphorus concentration from the calculation
period; and 4) sewage treatment facilities not reporting phosphorus concentrations - use the median phosphorus
concentration from similar facilities. Nutrientconcentrations estimated for five classes of municipal effluentand
are presentedin Table 13.
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Table 13. Facility classes by design flow.

Group Type Design Flow (MGD) Meg}ggggt;:;r;;f)tlon
Industrials All Industrial Permits -- N/A
Major Municipal Sewage Treatment 21.0 0.54
Significant Minor Municipal = Sewage Treatment 0.5t01.0 1.72
Minor Municipal Sewage Treatment 0.1t00.5 2.07
ControlledDischarge Sewage Treatment Varies 1.92
Package Plant Sewage Treatment <0.1 3.54

Wet-weatherevents often resultin increased wastewater flows within collection networks, either by design in
combined sewer communities or inflow and infiltration. The result ofincreased flows isreduced treatment at the
plant (usually a bypass of secondary treatment), wastewater bypasses at the plant headworks (raw bypasses),
CSOs and SSOs. SSOs typically report occurrences but not volume. Therefore, SSOs are excluded from the analysis
unless flow volumes are reported. This report uses a wet weather loading nutrient concentration of 0.75 mg/L for
total phosphorus, the median concentration of 131 samplesreported from September 2014 to August 2017 by two
Ohio sewer districts that are required to monitor total phosphorus at select CSO outfalls in their NPDES permit.
When bypasses gothrough primary treatment, 15 percentremoval is assumed by Ohio EPA to account for settling
and sludge removal. This value is set to be greater than the 6 percent removal from septictanks but notas high a
removal rates observed when fine solids are removed via extended settlingand/or anaerobic digestion.

The Maumee watershed includes wastewatertreatmentfacilities thatare outside of the state of Ohio. Data on
monthlyloads were available from the Integrated Compliance Information System (ICIS) maintained by U.S. EPA.
These monthlyloads were summed for each facility within the watershed and are reported in the lumped out-of-
state (00S) load. Facilities identified as controlled dischargers were excluded from the O0S analysis because using
the data maintained in ICIS results is a gross overestimation of discharge volume. This is because ICIS averages the
discharge of only days a discharge occurred. Noassociated count of days that discharge occurred is reported. Due
to thisbeinga very small fraction of the OOS wastewater load, it is more practical tonot include this source. This
load containsa CSO load estimate where the overflow volumes are reported, and combined sewer systems were
assumed to have the same concentration as those within Ohio.

3.3.4. Existing home sewage treatment system loads

The population served by HSTS is estimated using a spatial analysis of census data (U.S. Census Bureau, 2010),
combined with an assessment of populations that are likely served by sewer systems of NPDES permitted facilities.
The populations served by NPDES permitted wastewater treatment facilities are estimated using two methods. The
first method is that census designated places (CDPs) are assessed as sewered or not. The second method is applied
to NPDES permitted sewagetreatmentfacilities thatare not associated with a CDP. In this case, the population
served by the facilities is estimated by determining the average flow for facilities associated primarily with
householdsand then dividing by 70.1 gallons/day/person (Lowe etal.,2009). Facilities servingmobile home parks
and subdivisions were included in the latterapproach while facilities serving highway rest stops and recreation
facilities were excluded. The HSTS population is then estimated to be the remaining population when NPDES

served CDP population and non-CDP NPDES served population are subtracted from the total population of the
watershed.
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Equation 3 outlines this overall method.

Loadysrs = Popysrs * Nuty;eq

* [ percentPoPonsite, working * DRonsite, working + percentpoponsite, failed * DRonsite, failed
+ percentpopdischarge * DRdischarge] (3)

where,
Popysrs = Total population served by HSTS in watershed (persons)

1b

ear
Nuty;q = Annual yield of nutrient per person (erson

)

percentPop gpsite, working = Percent of population served by onsite working HSTS
DRonsite, working = nutrient delivery ratio for onsite working systems

percentPop gpsite, failed = Percent of population served by onsite failing HSTS

DR, = nutrient delivery ratio for onsite failing systems

onsite, failing

percentPop gicnarge = Percent of population served by discharging HSTS

DRgischarge = Nutrient delivery ratio for discharging systems

The per capita nutrientyield in household wastewater was determined by literature review. A study by Lowe et al.
(2009) reported amedian nutrientyield as 0.511 kg-P/capita/year.In a similar effort to this mass balance study,
the Minnesota Pollution Control Agency (MPCA) estimated the annual per capita nutrient yieldtobe 0.8845 kg-
P/capita/year (Wilson and Anderson,2004). The MPCA study used estimated values based on different household

water use activities while the Lowe study reported statistics on data measured on actual systems. The Lowe study
median concentrations were used because the methodology uses actual sampling dataof septic tank effluents.

Phosphorus delivery ratios for three different system types were also estimated by literature review.One system
typeis properly operating soil adsorption systems. In these systems, wastewater percolates through the soil matrix
where physical, chemical, and biological processes treat pollutants. Phosphorus is usually considered tobe
effectively removed in these systems. Beal et al. (2005) reviewed several studies and reported several findings
including: >99 percentphosphorus removal; 83 percentphosphorusremoval; and slow phosphorusmovementto
ground water. In a nutrient balance study, MPCA assumed that HSTS with soil adsorption systems removed
phosphorus at 80 percent efficiency (Wilson and Anderson, 2004 ). For this study, 80 percentefficiency will be used
because the studies reviewed by Beal used fresh soil columns and did not consider areduction in efficiency with
system age.

Another category of systems included in the mass balance study is soil adsorption systems that are failing to
function as designed. Failure of systems is caused by a myriad of problems, soliterature values are not available for
phosphorusremoval. For this method, the assumption is made that failing systems still involve some level of soil
contact; therefore, total phosphorus removal will be in between the value ofa direct discharge and a soil
adsorption system. The value used for this study is 40 percent total phosphorus removal for failing soil adsorption
systems, or half that is assumed for properly working systems.

A third group of HSTS is systems that are designed to discharge directly toa receiving stream. These systems use
mechanical treatmenttrains to treat wastewaterand dischargedirectly to streams. Like septic tanks, they are
designed toremove suspended solids, but sludgeremoval is limited to periodic pumping. Lowe etal. (2009)
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studied septictankinfluent and effluent and determined that therewas a 6 percent reduction in total phosphorus.
This study will use the same 6 percent reduction observed by Lowe etal. (2009).

The final component needed to estimate HSTSloading is the relative proportion of system types, splitinto three
categories: 1) working soil adsorption systems; 2) failing soil adsorption systems; and 3) systems designedto
discharge. ODH is tasked with regulating the treatment of household sewage.In 2013,0DH published the results of
a survey of county health departmentsin 2012 as an inventory of existing HSTS in the state by Ohio EPA district
(Table 14). The Maumee River watershedis in the northwest district.

TMACOG refined the Ohio portion of the HSTS estimate from Ohio EPA’s Nutrient Mass Balance Study (TMACOG,
2018).Studyimprovements included refined sewershed areas for NPDES facilities and completing HSTS loading
estimatesatthe HUC-12 subwatershed scale. The improvementsfor the Ohio portion of the HSTSload are
incorporated into this study.

Table 14. Proportions of total HSTS systems grouped into categories for Ohio’s Nutrient Mass Balance Study. Adapted
fromthe 2012 ODHstatewide inventory (ODH, 2013).

Working Soil Failing Soil Adsorption

Ohio EPA District Adsorption (%) (%) Discharging (%)
Northwest 415 26.5 32
Northeast 44 27 29
Central 42.8 25.2 32
Southwest 64 14 22
Southeast 61.2 10.8 28

3.3.5. Existing loading from the landscape

Central to calculating the load from the landscape is the pour pointload described in Section 3.3.1 above. The
calculation of the load from the landscape upstream of the pour pointis the total load at the pour point minusthe
wastewater treatment facilitiesand HSTS loads upstream of the pour point. The landscape load calculated at this
pointincludesloads contributed by all land uses. This subsection explains how the lumpedlandscape load is
empirically broken down to differentland use types.

Note that the permitted stormwater is determined after thislandscapeload is calculated and explainedin Section
3.3.6.

Usingland use to breakdown total loading from the landscape is based on the concept that there are unique and
important differences in loads from different parts of the landscape. Todo this in the context of an empirical mass
balance, aratio of the loads from different parts of the landscape is defined. Field scale data from differentland
usesis needed todefine the contributions of different land use types. Areview of literature was completed to
summarize field scale data for differentland uses. Land use waslumpedintothree broad categories discussed
below: 1) agriculturalland, 2) developed land and 3) naturallands. These uses were aggregated from the 2011
National Land Cover Database (NLCD) (USGS, 2014), as shown in Table 15.

The purpose of the literature review is toindex yields from the three broad landscape categories to each other, as
described below in Section 3.3.5.4 by Equations 4 through 6. The range of values from each category within the
landscape will vary, however the emphasis here is on the average. Variation within these categories is complex and
the data may notbe available atan appropriatespatial scale. For example, soil test phosphorus and tillage practices

vary across small areas but are summarizedat the county or zip code level.
76



Table 15. Land use recategorization from NLCD land use types to broader landscape mass balance groups.

NLCD Land Use Type Mass Balance Group
Cultivated Crops Agriculture
Hay/Pasture Agriculture
Developed, High Intensity Developed
Developed, Low Intensity Developed
Developed, Medium Intensity Developed
Developed, OpenSpace Developed
Emergent Herbaceous Wetlands Natural
Evergreen Forest Natural
Deciduous Forest Natural
Herbaceous Natural
Open Water Natural
Shrub/Scrub Natural
Woody Wetlands Natural
Mixed Forest Natural

3.3.5.1 Existing Agricultural Lands Loads

Agriculture comprises nearly 78 percentofthe landscape in the Maumee watershed with approximately

93 percent of that arearepresented by cultivated crops. The abundance of the agricultural land means that its
contribution weighs heavily into the averageload conveyed tothe pour point near the Maumee River outlet. Edge-
of-field monitoring networks and modeling efforts have been employed toimprove knowledge of nutrientloss
from agriculturalfields in Ohio. Much of this research isled by the USDA Soil Drainage Research Unit (SDRU) at
OSU. Arecent study spanning water years 2012-2015 summarized edge-of-field phosphorusloading from 38 field
sites throughout the corn belt region of Ohio. The study reports an average annual total phosphorus yield for this
period of 1.1 1bs./acre (Peace etal.,2018). USDA’s NRCS -CEAP estimated an annual average of 1.9 Ibs./acre of total
phosphorusloss at the edge of agricultural fields based on the 2012 conservation condition (NRCS, 2017). The
NRCS-CEAP effort used modeling results to describe phosphoruslosses across the broader landscapethan can be
represented in the monitoringnetwork. The results for annual loss observed by the Soil Drainage Research Unit
edge-of-field data collection ranged from ~0.1-4 Ibs./acre (Peace et al., 2018) were within the distribution of the
NRCS-CEAP modeling effort. An earlier report by the Ohio Lake Erie Phosphorus Task Force I (Ohio Phosphorus

Task ForceIl,2013) estimated an average annual loss of total phosphorusyield of 2.05 lbs./acre from cultivated
cropland after areview of the literature.

3.3.5.2. Existing Developed Lands Loads

Developed lands are defined by the amount ofimpervious surface thatthey represent (Table 16). Withinthe
Maumee watershed approximately 11 percent ofthe landscape is classified as developed land. Approximating the
percentimperviousness as the center of each class and the relative proportions of each class, developed land is
approximately 27 percentimpervious in the Maumee watershed. Across the pervious-impervious landscape
nutrientloads are described by stark differences in the volume of runoffand nutrient concentrations in the runoff.

Research pertinentto Ohiohasbeen carried out on developed land in the upper Midwest and the Northeast. Some
of the studies were executed to quantify the impact of removing phosphorus from lawn fertilizers, an action that

hassince beenlargely implemented in Ohio. In a Wisconsin study total phosphorusloss from turfgrass plots were
0.05-0.611bs./acre/year over three monitoring years, 2005-2007 (Biermanetal., 2010).
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Table 16. NLCD land use classes for developed land (adapted from USGS, 2014) andthe percentage of each class within
the Maumee River watershed’s developed land.

Class Description % of Maumee

Developed, OpenSpace- areas with a mixture of some constructed materials, but mostly
vegetation in the form of lawn grasses. Impervious surfaces account for less than 20 percent

21 of total cover. These areas most commonly include large-lot single-family housing units, 55
parks, golf courses and vegetation plantedin developed settings for recreation, erosion
control or aesthetic purposes.

Developed, Low Intensity- areas with a mixture of constructed materials and vegetation.
22 Impervious surfaces account for 20 percent to 49 percent of total cover. These areas most 30
commonly include single-family housing units.

Developed, Medium Intensity -areas with a mixture of constructed materials and vegetation.
23 Impervious surfaces account for 50 percent to 79 percent of the total cover. These areas 10
most commonly include single-family housing units.

Developed, High Intensity-highly developed areas where people reside or work in high
24 numbers. Examples include apartment complexes, row houses and commercial/industrial. 5
Impervious surfaces accountfor 80 percent to 100 percent of the total cover.

The primary impact ofimpervious areas within the developed landscape is increased runoff. Data from U.S. EPA’s
Nationwide Urban Runoff Program showed the lowest eventmean total phosphorus concentrations on commercial
land when compared to other developed land uses, except for open spaces (U.S. EPA, 1999b). However, this s
compounded by increases in runoffas the amount of impervious areaincreases. Asimperviousness increases in
commercial and industrialareas, runoff volumes exceed 50 percent of observed rainfall comparedto <10 percent
for lawns (Bannermanetal., 1993;U.S. EPA, 1999b). The same studies reported mean total phosphorus
concentrations that were approximately 2.5 times greater for lawns when comparedto streetsand 5-10 times

greater when compared to parkinglots. Annual loads across the developed landscape start tobalance across the
landscape as concentrations are elevatedin low runoffareas and lower in higher runoffareas.

3.3.5.3. Existing Natural Lands Loads

Natural lands are grouped as areas withinthe watershed thatare generally not managed with nutrient inputs
(Table 15). Most of the research on the natural landscape has been focused on enhancing the capacity of natural
lands to serve as nutrient and sedimentsinks. However, across the broader landscape naturallands representa
wide variety of landforms that serve as sources and sinks. While the distribution ofloads from agricultural and
developed lands were always reported as positive loads, natural lands are represented by a distribution of both

positive and negative loads. Without adequate monitoring datato compare with other land uses, a small positive
bias of 0.1 Ibs./acre/yearis assumed for natural lands.

3.3.5.4. Existing Landscape Loading Summary

The literature supports the assumption that agricultural lands are the highest yielding of the three defined
categories. Annual agricultural loads reportedin the region ranged from 1.1 - 2.05 lbs./acre/year on average.
Developed land had results that were <0.1 - 0.6 1bs./acre/year on turfgrass and similar values from the impervious
landscape, albeit due toincreased runoffatlower concentrations. The natural landscape is not well described with
field scale monitoring data across the diverse natural landscape, buta small positive load of 0.1 Ibs./acre/year is
assumed. The ratio thatis used to define the relative contributions at the pour point are thatagriculturalland
yields twice as much per acre as developed land (2:1) and agricultural land yields 10 times as much per acre as
natural lands (10:1). Small changes in these ratios will not resultin large changes in the breakdown of the total
load because the equations are constrained by the large proportion ofthe landscape represented by agricultural
production.
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Equations 4 through 6 define the relative contribution ofthe landscape load at the pour point.

Landscape,, Landscape,; Landscapepg, Landscapey,r

(4)

Areay, Areay Areapgy Areayar

Landscapeppy = Landscapeyq * 0.5 (5)
Landscapey 7 = Landscape; * 0.1 (6)

Note that each componentin Equation 4 is normalized by area, signifying that these are yields, not total loads.

Landscapeup and Areaup indicates the landscapeload and area upstreamofthe pour point, respectively.
Agricultural,developed, and natural land areas are denoted AG, DEVand NAT, respectively.

The series of equations gives the relative load from each sector at the pour point that can then be used to estimate
the load downstream ofthe pour point from the nonpoint source. To do this, the upstream loads are converted into
yields for each land use. The yield is then used to determine the nonpoint source downstream by assuming the
same yield from the upstream area applies to the downstreamarea for each component ofthe landscape. This

calculation isnecessarybecause itis not possible to measure load directly due tothe lake influence on the river
downstream of the pour point.

3.3.6. Existing permitted stormwater
There are several groups of permitted stormwaterthat must be broken out from the existing condition basin-wide
load calculation. These are described in detail above in the source assessment within Section 2.2.2.

The area covered by MS4 permittingis based on existing US Census geospatial data. The MS4 coverage area was
cutout to the Maumee watershed via a GIS analysis. The individually permitted City of Toledo MS4 area was
further broken out of the MS4 area within the Maumee using GIS analysis. This resultedin an amount of area
within the Maumee watershed for the Toledo MS4 area and the remainderof MS4 areas covered by Ohio EPA’s
general MS4 permit (OHQ000004).

Stormwater is also permitted based via facility based NPDES permits. These may be includedin individual NPDES
permits or by the multi-sector general permit (OHR000007). The areas for all facilities permitted in both
categories have been delineated in GIS by Ohio EPA staff. Areas for 41 individual NPDES permits that include
stormwater controls and over 250 facilities covered by the multi-sector general permitwere determined. Facility
based permitted stormwater areas thatare within the Toledoand general MS4 areas are removed from the MS4
areas for the TMDL calculations.

Figure 41 shows example resultsfor part of the Maumee watershed of the delineation of various types of permitted
stormwater.

Construction activities covered by Ohio EPA’s general permit (OHC000005) are accounted for in a different
manner due tothe transient nature of these operations. When filing for coverage of this permit, permittees must
state the construction site location and number of acresimpacted. Ohio EPA carried out an analysis on the number
of acres within the Maumee watershed covered by this permit for the most recent 5 years of available data (2017-
2021). Assuming most operations donot span greater than a year, the average annualarea coverage by this permit
was determined tobe used for TMDL calculations.
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Figure 41. Map showing the permitted stormwater area delineated aroundthe Defiance, OH area.

In order to calculate the existing total phosphorusloads for the MS4, facility based, and construction permitted
stormwater areas, the percent of area that falls into each category is taken out of the total landscape load from the
developed load portion. The remainder of the developed land is combined with the agriculture and natural lands to
be the final total nonpoint source.

3.4. Modeling the Target Condition—Proposed allocations

The following outlines the proposed total phosphorus allocation methods for meeting the TMDL. Like the existing
conditions, these allocations are applicableto the springloading season of March through July. Alsolike the
existing conditions calculations, reductions will be calculated via an empirical means. This is rather than using
scenario(s) outputs from a process-based model. Additional discussion on this modeling will be includedin the
implementation recommendations section of thisreportin order guide those recommendations.

This is the Preliminary Modeling Results step in this TMDL project. This step is designed to provided stakeholders
with detailed results prior to when the actual proposed TMDL allocations are presented. There is an expectation
that these methods, and subsequent results, will be altered after careful consideration by stakeholders and further
discussions with Ohio EPA.

The potential that phosphorus reductions can be met in the fashion outlined by these methods has been carefully
considered. Thisis explained in detail in the Reasonable Assurances part of this report, Section 6. The allocations
must sum to the seasonal targetload of overall 914.4 MT of total phosphorus. The following subsections first
presents the allocation method for each type of source. Then subsections are presented showing how the
wasteload and load allocations are summarized. These reduction methods will only be carried out for loading to

the Maumee watershed from the state of Ohio. An explanation on out-of-state boundary conditionsis provided at
the end of this subsection.
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3.4.1. Allocations for permitted wastewater treatment facilities

This subsection outlines the details of proposed permitted treatmentfacilities total phosphorus allocations!. As
explained above in Section 2.2.2.1, wastewater treatment facilities currently discharge well below theirpermitted
allowance. The allocations for the wastewater treatmentfacilities are based on an objective of preserving the
existing total phosphorusreductions already realized by this source. While this does not result in new reductions
from whatis currently being discharged, it effectively eliminates capacity betweenthe currently authorized and
actualloads shown above on Figure 21.

The concept of grouping most of the facility-based load is proposed in order to provide the most flexibility to
permitted facilities. Implementing a grouped permitted loads could be achieved via a watershed general permit.

There are also over 100 facilities that contribute an extremely small amount of total phosphorusload tothe
Maumee watershed.These facilities are not being proposed tojoin the grouped load that would enter into the
general permit. Rather, individual wasteload allocations are calculated with the expectation thatexisting
conditions will be maintained. Calculation methods for CSO specific wasteload allocations are also presented in this
subsection. These allocations represent long term control plans that each CSO community has either completely
enacted or are in the process of enacting.

3.4.1.1. Proposed allocation methods for grouped wastewater treatment facilities

Facilities that are proposed tobe part of the grouped load, that may resultin a special TMDL general permit, are
generally based on what are currently considered “majors” (see section 2.2.2). These are municipal wastewater
treatment plants with an average design flow of one million gallons per day or greater. Significant minors that
have an average design flow of greater than halfa million gallons per day are alsoincluded. Several industrial
facilities that have been previously identified as contributing significant amounts of total phosphorus are also
included. The facilities included in the grouped load are shown below in this subsection.

The sum of the load thatall facilities within this group contributed duringthe 2008 springseason is used to
determine the total allowable load for the group. This reflects the objective of not exceeding the baseline load from
these sources.

While each facility’s “existing”, 2008, spring season load is used to determine the groupedload allocation, thisload
is not whatis used to determine each facility’s individual wasteload allocation. [fthat were tobe done it would
provide areward to the facilities that were not maximizingtotal phosphorus reductionsin 2008 and a penalty for
facilities that were optimizing controls the most. Rather, a tiered system of determining the grouped facilities
individual wasteloadallocations is proposed. This system isintended toreflect 1) the magnitude of facilities’
loading contributions, 2) the existing ability to treat total phosphorus at each facility, 3) the objective that the
cumulative facility-basedload does not increase from the 2008 baseline.

[tis importanttonote that having an individual wasteload allocation for each permitted facility is arequired

component of any TMDL. This applies to these facilities that are being proposed tobe grouped and implemented
upon via a general permit or similar action. Additional discussion on the general permitisin Section 5.

Table 17 shows the tiered approach for determining the individual wasteload allocation for each facility proposed
tobein the grouped load limit.

1 Total phosphorus Wasteload allocations for facilities included in near-field TMDLreports in the Maumee basin are not
impacted by this TMDL. Please see Appendix 4 for additional information.
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Table 17. Different tiers for calculating wasteload allocations for the facilities in the proposed grouped load.

Grouped ;?erm|t Description Wasteload Allocation Calculation Method
WLA tier
- Average dailydesignflow at a total phosphorus concentration of
Municipal wastewatertreatment plants
. . . 0.37 mg/L (the expected long term average total phosphorus
GP1 with average daily design flows greater . . L
discharge concentration where a 0.5 mg/L monthlylimit exist)
10 MGD. .
for the 153 days of the spring season.
. Calculated for each facility by theiraverage designflow over the
Municipal wastewater treatment plants . o .
. . . sum of all the GP2 design flows multiplied by the remainder of
with average daily designflows . . .
GP2 load available after accounting for the other grouped permit
between 1 and 10 MGD. Several . . - .
industrial faciliti tiers. This resultsin a concentration of 0.47 mg/L (~0.66 mg/L
industriattaciiriies. monthly limit) over the 153 days of the spring season.
Minor municipalwastewatertreatment | Average dailydesignflow atatotal phosphorus concentration of
GP3 plants with average daily designflows 0.73 mg/L (the expected long term average total phosphorus
between 0.5 and 1 MGD. Andseveral discharge concentration where a 1.0 mg/L monthly limit exist)
industrial facilities. for the 153 days of the spring season.
One small volume industrial facility that . .
GPX has d trated ab Wasteload allocation set at the second greatest spring season
as 'emons ra. N ? oveaverage load of the last five seasons (2017-2021) for this facility.
loadingreductionsin recentyears.

WLA = Wasteload allocation MGD = Million gallons per day

The following paragraphs provide more details on these wasteload allocation tiered groups. Table 18 lists the
facilities proposed tobe included in the grouped load and what tiered group they fall into.

GP1 - There are four facilities that have an average daily design flow greater than 10 MGD. These are all municipal
wastewater treatment plants that currently have a monthly total phosphoruslimit of 1.0 mg/L. Settingan
individual wasteload allocation based on average designflows and a total phosphorus concentration of 0.37 mg/L
is reflective ofa long-term discharge concentration average if the facilities were to have monthly limits of 0.5 mg/L.

Due to the large size of these facilities marginal costs of optimizing for phosphorus treatment is more inexpensive
than facilities in the other tiers.

GP3 - These are facilities that currently do not have total phosphoruslimitations in their individual permits. Six
municipal wastewater treatment plants are designed to operate with a daily average discharge between a halfto
one MGD. One industrial facility in this group has elevated total phosphorus concentrations in their existing
discharge. Finally, three industrial facilities in this group are drinking water plantsthat use reverse osmosis
treatment with expected elevatedtotal phosphorus. Because of these factors, it is reasonable to calculate individual
wasteload allocations for these facilities considering a total phosphorus concentration that would be discharged
were they to have a monthlylimit of 1.0 mg/L, whichis 0.73 mg/L. The permitted average design flow is used to
calculate the wasteload allocation for all but one of these facilities. Due to the plant design, the wastewater
treatment plantfor the City of Paulding does not have an official design flow. In place of a design flow, the 95th
percentile ofthe average monthly discharged flow rates for the most recent 5 years of available data.

GPX - Only one facility fallsinto this tier due to special circumstances. Without an existing permit limit, Cooper
Farms Cooked Meats Van Wert has voluntarily reduced the total phosphorus concentration of their effluent
discharges by greater than an order of magnitude. Current discharge concentrations are approximately 1.0 mg/L
whereas spring median concentrationsfrom 2008 through 2011 ranged from 18.7 to 23.85 mg/L. Because of this,
the individual wasteload allocation for this facility is set at their second greatestload calculated for the last five

spring seasons, 2017 through 2021. Note thatthis is similar to how the minor wastewater treatment plants
wasteload allocations are calculated, explained below.
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Table 18. Different tiers for calculating wasteload allocations for the facilities in the proposed groupedload.

Permit
Tier Permit # Facility Name Tier Number Facility Name
GP1 2PF00000 Toledo Bay View Park WWTP GP2 2PD00016 Wauseon WWTP
GP1 2PKO0000 Lucas Co WRRF GP2 2PH00007 American-Bath WWTP
GP1 2PE0000O Lima WWTP GP2 2PH00006 American No 2 WWTP
GP1 2PD00008 Findlay WPCF GP2 2PD00003 Montpelier WWTP
GP2 2PD00002 Perrysburg WWTP GP2 2PB00025 Swanton WRRF
GP2 2PD00013 Defiance WWTP GP2 2IH00021 Campbell Soup Supply Company
GP2 2PB00042 Hicksville WWTP GP2 21FO0004 PCS Nitrogen Ohio LP
GP2 2PD00006 | Van Wert WWTP GP2 21G00001 Lima Refinery
GP2 2PD00019 Wapakoneta WWTP GP3 2PB00034 New Bremen WWTP
GP2 2PD00029 Delphos WWTP GP3 2PC00004 Columbus Grove WWTP
GP2 2PD00018 Bryan WWTP GP3 2PB00043 Cridersville WWTP
GP2 2PD00026 | St Marys City WWTP GP3 2PB00003 Delta WWTP
GP2 2PD00028 | Ottawa WWTP GP3 2PB00046 Elida WWTP
GP2 2PD00000 Napoleon WWTP GP3 2PD00027 Paulding WWTP
GP2 2PD00017 Archbold WWTP GP3 21K00002 G.A. Wintzer and Son Co
GP2 2PB00050 AdaWWTP GP3 2IW00010 McDowell/BowlingGreen WTP
GP2 2PK00002 Shawnee No 2 WWTP GP3 2IW00070 Delta WTP
GP2 2PC00005 Bluffton WWTP GP3 2IW00190 Napoleon WTP
GP2 2PB00040 Leipsic WWTP GPX 2IH00110 Cooper Farms Cooked Meats Van Wert

WWTP and WRRF are wastewater treatment plants of municipal sewage.
WTP are drinking water treatment plants.

GP2 - There are 20 major municipal wastewatertreatmentplants withaverage designflowslessthan 10 MGD and
three industrial facilities withinthis tier. All these facilities have an existing monthly total phosphoruslimit of 1.0
mg/L in their permits. The total wasteload allocations for all facilities in this group is set as the remainder of the
grouped wasteload allocation after the other individual wasteloads for the other tiers (GP1, GP3,and GPX) have
been assigned. Within this tier thatload is distributedto each facility based on their average design flow (i.e., each
facility gets the percent of the total GP2 tier wasteload allocation equalto their design flow divided by the sum of
all GP2 facilities’ design flows). Employing this method has two advantages. The firstis thatit uses up all of the
remaining group wasteload completely. The second advantage is that it essentially solves for the wasteload
allocation of the facilities in this group to be considered at a concentration betweenthe GP1 and GP3 group. This
resultsinalong-term average of 0.48 mg/L or what would be expected with a monthly concentration limit of about
0.59mg/L.

3.4.1.2 Proposed allocation methods for minor and general wastewater treatment facilities

The remainder of wastewater facilities receiving a wasteload allocation in this TMDL contribute a relatively small
portion of the total facility based wasteload allocation.

These are over 110 municipal and semi-publicindividual permitted wastewater plants and 10 industrialfacilities
considered within the wasteload allocation. With only a few exceptions, the individual wasteload allocation for
each of these facilities is set based the second greatest spring season load each facility has dischargedin the last
five spring seasons (2017-2021). Many of these facilities do not monitor total phosphorusin their effluent. Similar
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assumption to those used to calculate the 2008, “existing”, loads were used to determine these facilities total
phosphorus concentrations (see Section 3.3.3).

The exceptions to this calculation method are for wastewater plants thathave not reported any effluent flow
during this time period. In those cases, assumptions are made to determinean appropriate discharge from which

to calculate the facility’s individual wasteload allocation. The names and permit numbers of these facilities are
reported in Appendix 3 tothis report along with the actual wasteload allocation results (see section 4.1).

A single wasteload allocation is calculated for the load contributed from Ohio’s small sanitary general permit
(OHS000005). There are currently 11 facilities in the Maumee watershed covered by this permit. Facilities covered
by this permit musthave an average design flow less than 25,000 gallons per day; however, Ohio EPA isaware that
most discharge significantly less than this amount. In order to allocate adequateload for facilities covered by this
general permit, a daily dischargeflow rate of 12,500 gallons per day is used to calculate the wasteload allocation. A
total phosphorus effluent concentration of 2.5 mg/L is assumed for these plants for this calculation. Ohio EPA is
aware that there are many small sanitary treatment systemsthat are currently unpermitted across the state. The
agency is steadfastin its efforts to bring these facilities into compliance either by permitting themunder this
general permit or by tying their influent to existing individually permitted wastewater treatment plants. Because of
this potential for additional plants being covered by this general permit, the existing number of 11 plantsis

increased to 25 for the wasteload allocation calculation of this general permit. This action is considered part of the
allowance for future growth and explained further below in Section 3.7.

3.4.1.3. Proposed Allocation Methods for Combined Sewer Overflow and Other Wet Weather Events

All 24 CSO communities within the Ohio portion of the Maumee watershed have planstoaddress their systems.
Half of these communities have planned for complete separation of storm and sanitary sewers. The CSO wasteload
allocation for these communities is zeroload.

Forthe other 12 communities, there is an expectation of some CSO discharge events once control plans are
completed. Six of these communities each have developed hydraulic models to estimate the amount of CSO
discharge during a typical year at their completed plans level of control. The wasteload allocation for these
facilitiesis calculated by determining the productofthat typical year flow rate, an assumed total phosphorus
concentration of 0.75 mg/L, five twelfths in order to calculate the spring season period, and a conversation factor.
The 0.75 mg/L assumption is based on an assessment of CSO data documented in Ohio EPA (2020b).

A different wasteload allocation calculation method is required for the six remaining CSO communities that do
expecttohave some discharges upon completion oftheir control plans but have not developed a hydraulic model
for their control plan. Thisis because the flow rate is unknown for the releases that may occur once control work is
complete. The wasteload allocation is calculated by reducing the existing, 2008, CSO load by 80 percentbased on
our expectations from communities with hydraulic modelsand similar levels ofimplementation.

The SSOs are prohibited by the Clean Water Act. All communities withknown SSOs must plan to eliminate these
sources. Because of this, there are no wasteload allocations given for SSOs.

CSO provisions are tied to acommunities NPDES permit. Table 19 summarizes the wasteload allocation beingused
for each of the 24 CSO communities.
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Table 19. Wasteload allocation method for CSO communities.

Community/permittee Permit # Wasteload allocation method

Toledo Bay View Park WWTP 2PF00000

Lima WWTP 2PE0O000O0

Findlay WPCF 2PD00008 Level of control hydraulicmodel flow and a 0.75 mg/L

Wapakoneta WWTP 2PD00019 total phosphorus concentration used to calculate WLA.

Napoleon WWTP 2PD00000

Defiance WWTP* 2PD00013

Hicksville WWTP 2PB00042

Van Wert WWTP 2PD00006

Wauseon WWTP 2PD00016 WLA setatan 80 percent reduction of the calculated

Delta WWTP 2PB0O0003 existing, 2008, CSO load.

Delphos WWTP 2PD00029

Payne WWTP 2PA00019

Perrysburg WWTP 2PD00002

Montpelier WWTP 2PD00003

Fayette WWTP 2PB00045

Paulding WWTP 2PD00027

Ohio City WWTP 2PB00030

Columbus Grove WWTP 2PC00004 WLA setto zero to reflect complete sanitary and storm
sewer separation upon completionof CSO longterm

Dunkirk WWTP 2PB00061 control plan.

Pandora WWTP 2PB00029

Forest WWTP 2PB00044

Deshler WWTP 2PC00002

Leipsic WWTP 2PB00040

Swanton WRRF 2PB00025

* Ohio EPA is expecting Defiance to provide the results of their level of control hydraulic modeling in August of 2022. Prior to that point, the
WLA for this facility is temporarily calculated based on an 80 percent reduction of their calculated existing, spring 2008, CSO load.

3.4.2. Allocations for permitted stormwater

Permitted stormwater shares a close relationship with nonpointsource loads and natural infrastructure projects
thatarerepresented in the load allocation are an effective means of managing stormwater.Implementing these
projectsin communities involves diverse partnerships and have beena component of nonpoint source planning
efforts throughout the basin. To encourage these partnerships to continue, reductions targeting natural
infrastructure are allocated to the nonpoint source. Implementing source control and green infrastructure is more

appropriately managed by storm water utilities. For this TMDL's allocations, approximately half of the reduction is
allocated to the wasteload allocation with allocations being 20 percentless than the baseline conditions.

3.4.3. Allocations for home sewage treatment system loads

As described in the existing conditions methods, soil adsorption onsite and discharging HSTSs are accounted using
specific calculations. For a TMDL, these types of systems are allocated differently.Dischargingsystems are
expected tobe covered under Ohio EPA’s general permit (OHK000004). Being a permitted source, this pollutant
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allocation is considered part of the wasteload allocation. The onsite HSTSs are not point sources and are therefore
partof the load allocation.

No extraload reduction is expected from dischargingsystems. Therefore, the wasteload allocation for this source is
set at the calculated existingload.

The calculation for existing soil adsorption onsite HSTSs explains that manyofthese systems are failing. The load
allocation for this source sets an expectation that progress is made addressingthese failed onsite systems.
Specifically, this allocation method proposes that halfofthe failing systems are addressed. For the allocation, the
load produced by these repaired systems is reduced to have them contribute the sameamount that is discharged
from properly working onsite systems. Therefore, the total load allocation for onsite HSTS is the sum of 1) the load

from the existing (2008) properly working systems, half of the existing failing onsite systems considered repaired,
and the other half of the existing failing onsite systems still considered discharging at the failing rate.

3.4.4. Wasteload allocation summary
The various wasteload allocation methods appliable to the point sources of total phosphorusin this TMDL are
summarized on Table 20. The sum of the allocations for all categoriesis the total wasteload allocation.

Table 20. Wasteload allocations method summary.

Program Permit Type Major Category Wasteload allocation method summary
“Major”: WLA includedin the grouped
wasteload that could be implementedviaa
general permit. Grouped WLA determined by

Public: Treats a majority of these facilities 2008 effluent. Individual WLAs
municipal/humanwaste. re-distributed, see Section3.4.1.1
Most often delivered from “Minor”: WLAs set atthe 2" greatestload in
Individual NPDES | Public sewersystems. the last five spring seasons, see section3.4.1.2
Treatment

facilities: Point
source pipe(s)
directly
contributing
waste to surface
waters.

Permit: Unique
permitsissued for
each facility.

Combined sewer overflows: Separate WLAs
calculated foreach CSO community basedon
their long-term control plan, see Section 3.4.1.3

Phosphorus discharging
Industrial: Facilities that
treats waste fromindustrial
processes.

Facilities with current total phosphorus limit
and other specialcasesincluded in grouped
WLA, see Section3.4.1.1

Facilities with minimal total phosphorus
discharges. WLAs setatthe 2™ greatestload in
the last five spring seasons. See Section 3.4.1.2

General: Permits
that cover smaller
facilities.

Small sanitary general permit

WLA setbased on assumptions, see Section
3.4.1.2

Discharging HSTS general
permit

WLA setatthe existing conditiontotal load, see
Section3.4.3

Stormwater:
Regulated

nonpointsources.

Individual: Unique
permits.

Facility based

Municipal based (Phasel
MS4s)

General: Generic
permits.

Facility based (aka MSGP)

Municipal based (Phasell
Small MS4 general permit)

Constructiongeneral permit

These permitted stormwater sources’ WLAs are
based on a 20 percentreduction from existing
conditions, see Section3.4.2

Beneficial use

Beneficialuse of
materials.

Biosolids

Land application

Expectation of no discharge from these sources
therefore aWLA of zerois set.
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3.4.5. Allocations for nonpoint sources

The allocations for all nonpoint source load, except for the onsite HSTS load, is grouped together and termed the
“nonpoint source landscape load” in this method. This reflects the allocation calculated for the land area grouped in
agricultural and natural lands use plus the developedthatis not accounted for by the permitted stormwater (as
noted abovein 3.4.2). Thisload allocation is determinedby giving this source the remaining total phosphorusload
available of the target after all other allocations, noted in the subsections above and including an explicit margin of
safety described below in Section 3.6, have been taken.

Due to the nature of this allocation calculation method, and the manner in which nonpoint source implementation
actions are proposed to be carried out, the nonpoint source landscape load allocation is not itemized by land use or
any other means. Just one total allocation value is provided. This is similar to the specificland use far-field targets
for each HUC-12 watershed management unitin Ohio’s part of the watershed that have been published in Ohio’s
Domestic Action Plan (OLEC, 2020). Like this TMDL, the Ohio DAP HUC-12 targets are alsobased on the Annex 4
overall watershed target.

A separateload allocation for the onsite HSTS is provided in the results section. The sum of the nonpoint source
landscape and onsite HSTS allocations is the total load allocation.

3.4.6. Allocation calculation at the Waterville monitoring point
The TMDL allocations for the sources upstream of the Waterville monitoring station are separated out and

summed totake advantage ofthe ability totrack against the target at this key monitoring point on the Maumee
River.

These allocations are a subset of the total watershed allocations described so far in this subsection. Note that this
exercise divides the individually discharging facilities thatare grouped tobe implemented via a general permit.
This is because some of those facilities are upstream, and some are downstream of Waterville. The facilities in the

grouped load still have individual wasteload allocations which can be used to track progress when assessing the
Waterville target in the future.

The wasteload allocations for the various stormwater sources have been reduced to remove the downstream of
Waterville discharges in this exercise. Because these areas have been delineated with GIS, allowing for such a
breakdown is straightforward.

To be conservative, the wasteload allocation for the small sanitary generalpermit(OHS000005) is not changed
from whatis calculated for the entire watershed (described above in Section 3.4.1.2) for this Waterville accounting.

A subset ofthe explicit margin of safety reserved for the entire watershed, explained below in Section 3.6, is used

for this Waterville test. The same percentage ofload used for the entire watershedis reserved from the allowable
targetload at the Waterville station.

The allocations for HSTS and landscape nonpoint source load allocations can be broken out at Waterville because

theyare calculated via HUC-12s. The loads allocations determined tobe from upstream of Waterville are summed
for this exercise.

3.4.7. Out-of-state boundary condition and resulting Ohio targets

The allocations calculated in this TMDL are only for load delivered within the Ohio’s borders. Thisincludes
reductions for streams that flow into Indiana. All streams that flow into Ohio from Indiana and Michigan are
assumed tobe at aboundary condition that meets the same reduction rate of 39.2 percent from the existing, 2008
baseline condition. The existing conditions assessment,described above, found that 75.0 percent of the existing
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total phosphorusload delivered tothe Maumee watershed is from Ohio. Note that Ohio makes up 73.3 percent of
the areain the watershed, which is very close to the load proportion. The out of state boundary condition
“reduced”load is 228.7 MT of total phosphorus. Only considering the part of the total watershed target that Ohiois

responsible for, the 914.4 MT total phosphorus target becomes 685.8 MT. This is the value that the Ohio allocations
will sum to in this TMDL.

The results section of this report, Section 4, accounts that the Ohio total phosphorus allocations will not exceed the

Waterville station targetof 860 MT. All of the out of state boundary condition load is upstream ofthe Waterville
station. Therefore, the available load for Ohio assessing that the Watervilletargetismetis 631.3 MT.

3.5 Model verification methods
Because a mass balance method is being employed to develop TMDL existing sources and allocations, statistical

model calibration and validation testsused for mechanistic or process-based models are not applicable. However, a
verification of the method used to determine the existing conditions can be carried out.

As explained above, the observed 2008 spring season load at the Waterville monitoring station on the Maumee
River was used as the basis for the existing condition. Other monitoring stations exist throughoutthe Maumee
watershed as explainedin thisreport’s Critical Source areas, Section 2.3 (also see Figure 24). The existing 2008

springload calculated by the mass balance method can be summarized at these various subwatershed locations
and thisload can be compared tothe monitoring stations observed loads.

In order to breakout the 2008 modeled loads to the monitoring gages, the same approach usedtodetermine HUC-
12landscape targetis employed asin the 2020 Domestic Action Plan (OLEC, 2020Db). This considers the different
loading by areayields for agricultural, developed,and natural land use as described by the methods of the existing
conditions of the whole watershed, see Section 3.3. A hydrologic weighting factor is alsoapplied toeach HUC-12
that contributes to each of the monitoring gage watersheds. This weighting factor was mentioned in the critical
source areas assessment within this report,see Section 2.3.2, and is completely documentedin Appendix A of the
OLEC, 2020b. The landscape load for all complete HUC-12s upstream of each monitoring pointis summed. For the
HUC-12 that each monitoring pointliesin, the total landscapeload for that HUC-12sis cut toinclude the
proportion of load that equals the proportion ofarea within the HUC-12 thatdrains to the monitoring point. Then
the load from the phosphorus discharging NPDES facilities and HSTSs upstream of each monitoring gage are added
to determine the total 2008 modeled load for each point.

Of the gages used for the model verification, only two were operational in the 2008 spring. Therefore, the
verification assessment is focused on the gages’ distribution ofloading of spring seasons with available data tothe
modeled 2008 condition. Along with resultspresented from this verification analysis, Section 4.3 provides
assessment of this work. Graphical examination, dimensionless, and error performance measures are reported to
presentan overall qualitative rating of this model verification.

3.6. Margin of Safety

The Clean Water Actrequires thata TMDL include a margin of safety (MOS) to account for any lack of knowledge
concerning the relationship betweenload allocations, wasteload allocations, and water quality. US EPA guidance
(US EPA, 1999a) explains that the MOS may be implicit (i.e., incorporated into the TMDL through conservative
assumptionsin the analysis) or explicit (i.e., expressed in the TMDL asloadings set aside for the MOS).

For this TMDL, both implicit and explicit MOSs are used. Conservative assumptions are made through TMDL
development and implementation. Most importantly, thisis a data driven process utilizing continuously collected
monitoring data to calculate the TMDL. The method does not depend on a model to predict when successis
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achieved. The endpoint of HAB response is also monitored continuously through satellite imagery and at drinking
water intakes. These data informed the state of the science to develop modeling targets.

An explicit MOS of 3 percentisalsoreserved from the total phosphorus target. This 3 percentaccounts for the
unknown factors in both calculating existing conditions and determining the magnitude of pollutant reductions
from variousimplementation practices.

3.7. Allowance for Future Growth

An allowance for future growth (AFG)ina TMDL can be used to, “account for reasonably foreseeable increasesin
pollutantloads” (USEPA, 1999a). Some TMDL projects provide an explicit amount ofload, often calculated as a
proportion of the target (e.g., 2 percent). The AFG used ina TMDL is often tied to observed and expected human
population growth and shifts in industrial activities thatmay impact the production and deliveryof pollutants.
Having AFG set aside ina TMDL can be useful for permitted point sources especially when new facilities are
proposed aftera TMDL is developed and accepted by U.S. EPA.

Population growth throughout Ohio’s portion ofthe Maumee watershed has been essentially flat for the past

10 years with only very small ups and downslocally. The most populated county, Lucas, lost 2.4 percent of its
population between the 2010and 2020 US Census. Wood County, the second most populous county with more
than three times fewer people than Lucas County gained 5.4 percent. However, Allen County’s population, which is
close behind Wood'’s, lost 3.9 percent (US Census, 2021). The remainder of the counties in the watershed
experienced either population loss or a very small increase during the same decade. Additionally, population
projections donot predictalarge influx of people in the Maumee watershed (Mehri etal., 2020).

Regarding the discharging permitted point sources, futuregrowth is accounted for through implementation. The
implementation framework for this report (Section 5) further explains thesemeasures. These measuresinclude
ongoing optimization, the use of a general permit for the largest facilities, promotion of opportunities for trading to
offset growth, requiring new or upgrading major wastewater treatment plants to meet an individual monthly total
phosphorus concentration limit of 0.5 mg/L, and considerations for new technologies. These actions can be
considered AFG, but an allowance thatdoes not explicitly reserve load.

As noted in Section 3.4.1.2, additional load from whatis currently being discharged was added to the small sanitary

general permit wasteload allocation. This measure is taken in order to anticipate more facilities that will be
covered by this general permit. This is considered a small AFG for this permitted source.

3.8. Seasonality and Critical Conditions
Federal regulations (40 CFR 130.7(c)(1)) requirethat TMDLs take into consideration seasonal variation in
watershed conditions and pollutantloading.

3.8.1. Seasonality

The impairments this TMDL project addresses are aresult of HABs that occur annually in western Lake Erie during
the summer and fall seasons. Several aspects of this project directly consider seasonal variation in loading and lake
response.

The assessment method for Ohio’s recreation use applicable to Lake Erie HABs impairment is based on the
summer/fall HABseasons (Ohio EPA, 20204, section F). Within July through October, the aerialextentofthe
western Lake Erie open water assessment unitis assessed, via satelliteimagery,for HABs during twelve 10-day
windows. Ifthree or more 10-day frames indicate excessive HAB conditions that exceed the assessment goals in
any given year, then that year is counted as an exceedance year. [fany two or more yearsin a rolling 6-year
window are in exceedance, then the unitis determined tobe impaired. These factors were developed to take into

89



consideration the spatial and temporal variation of Lake Erie’s HABs toadequately determinethe significance of

the annual summer/fall bloom in making the impairment determination. They also provide a thorough assessment
of seasonal changes that may occur during blooms.

Phosphorus pollutant reduction targets are correlated with the HABsto serve as actionable acceptable levels
related to Ohio’s impairment metrics. These targetswere developed by the binational Annex 4 subcommittee of the
GLWQA (Annex 4,2015). The phosphorus that directly contributes to the growth ofthe HABs was determined by
the subcommittee tobe primarily delivered with springtime snowmelt and rain. This resulted in targets limited to
phosphorusdelivered to Lake Erie from the Maumee Riverin the “spring” March 1 through July 31 period each
year. The TMDL allocations are therefore only applicable duringthis spring season.

Thisreport’s source assessment (Section 2) has taken into consideration the wide range of research pertaining to
phosphorus export. A key point noted throughoutis the linkto hydrology, particularly large storm eventsin the
spring, which drives a majority of phosphorus export through the streamnetworks in advance ofthe HAB summer
and fall season. The comprehensiveness of the source assessment is intended to provide guidance on pollutant
reduction implementation recommendations. Thisincludes those that are seasonal in nature and explicitly address
the spring runoffand its relationship torelevant seasonal agricultural practicessuch as fertilizer application.

3.8.2. Critical conditions

Ohio EPA considers thisa “far-field” TMDL. By this it is meant that the pollutants of concern are causing
impairment towaters “far” downstream from their source of delivery. Phosphorus delivered by the stream
networkthat makesup the Maumee watershedis causing the impairments in western Lake Erie. Because of this,
the “near-field” concerns that phosphorus may bring out within the streamnetworknear the point or nonpoint
source areas are not appliable to this particularproject.

This also means that the specifictiming of phosphorus delivery, within the targeted “spring” period, is not relevant.
Nor is geographiczone from which phosphorus reduction occurs. It makes no difference ifthe targeted amount of
phosphorusreduction occurred from a very small area (within the Maumee watershed) during a very short period
of time (within the spring period) compared tobeing completely spread out in space and time. Therefore, critical

conditions of this TMDL would be any combination of environmental factors that results in meeting the
phosphorus-reduction targets.

While this far-field approach provides some flexibility in implementingpollution controls, the reality is a great deal
of nonpoint source reductions are required. For success, certain recommended implementation actions, such as
agricultural nutrientmanagement planning, will have to cover a significant amount ofadditional acreage
throughout the watershed. Additional, more targeted improvements to nutrientreduction practices are also
needed where critical sources areas are identified. The reasonable assurances section (Section 6) discusses this
further.

4, Results

This section presents the results ofthe TMDL allocations, the allocation calculation to the Waterville monitoring
gage, and the results of the mass balance model verification.

4.1. Allocations
All allocations are for total phosphorus, as explained in this project’sloading analysis plan (Ohio EPA, 2022).

Reducing the DRP portion of total phosphorus as much as possible is an explicit goal of the implementation plan
for this TMDL.
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Spring season allocations are presented in metric tons and daily allocations as kilograms. To express these
seasonal allocations as a dailyloaditis divided by 153, or the number of days in the March-]July period. In each of
those units, all allocations are rounded to the nearest tenth when greater than one. Allocationsless thanone are
rounded to two significant figures. Resultsless than 0.0010are given in scientific notation.

Table 21 shows the total allocations for the nonpoint source load, point source wasteload, and margin of safety.
Table 22 presents the summary of wasteload allocation. Allocations for individual NPDES permits are included in
Appendix 3. Theload allocation breakdown is shown in Table 23.

Table 24 shows the areas determined for permitted stormwatersources based on the accounting methods
described above. The area for the individual NPDES facility permits is a sum of the areas for all 41 facilities with
stormwater provisions. These facilities are itemized in Appendix 3. The area within Ohio’s developed land of the
watershed is alsopresented on this table. These areas sum to 40 percent. The stormwater from the remaining
60 percent of Ohio’s developed land is considered part of the nonpoint source load allocation.

Table 21. TMDL allocation totals.

Allocation type Spring season total Daily total phosphorus
phosphorus (metrictons) (ke)
Wasteload allocation 109.0 712.2
Load allocation 556.2 3,635.6
Explicit margin of safety (3%) 20.6 1345
TOTAL 685.8 4,482.2

Table22. A summary of the wasteload allocation totals.

Wasteload allocation Spring season tf)tal Daily total
phosphorus (metrictons) | phosphorus (kg)

Wasteload allocation, total 109.0 712.2

Individual permitted discharging NPDES facilities* 73.6 481.1

Combined sewage overflows* 0.38 2.5

Discharging small sanitary general permit (OHS000005) 0.45 3.0

Discharging HSTS general permit (OHKO00004) 14.2 92.9

Individual permitted stormwater facilities* 0.46 3.0

Multi-sector stormwater general permit (OHR000007) 0.70 4.6

Constructiongeneral permit (OHC000005) 0.31 2.0

Individual MS4 permit—Toledo(2P100003) 2.7 17.8

General MS4 general permit (OHQ000004) 16.1 105.3

* Itemized wasteload allocation for these facilities are listed in Appendix 3.

91



Table 23. Load allocation breakdown.

. Spring season total Daily total
Load allocation .
phosphorus (metric phosphorus (kg)
Load allocation, total 556.2 3,635.6
Grouped landscape nonpoint source load 547.4 3,577.8
Onsite HSTS 8.8 57.8

Table 24. Areas within permitted stormwater.

, Area % of developed land
Wasteload allocation — X
Mile2 Acres within Ohio
Multi-sector stormwater general permit (OHR000007) 7.21 4,612 14
Individual NPDES permits with stormwater (multiple permits) | 4.71 3,016 0.9
Constructiongeneral permit (OHC000005) 3.17 2,031 0.6
General MS4 general permit (OHQ000004) 165.41 | 105,863 31.8
Individual MS4 permit— Toledo (2PI00003) 27.96 17,895 5.4

4.2. Allocations at the Waterville monitoring point

As explained in Section 3.4.7, allocations are accounted for to the Waterville monitoring point to facilitate a

comparison to the Annex 4 target developed for thislocation. These allocations are a subset of the entire Maumee
watershed allocations for this assessment location upstream of the Maumee River’s mouth. Table 25 through Table
27 show the same allocation break downs as in the previous section for this portion of the watershed.

Table 25 shows the total Ohioallocations to the Waterville monitoringpoint comes to 620.2 MT of total

phosphorus. Thisisabout 11.1 MT less than the available load toallocate in order to meet the 860 metricton
Waterville target (when includingthe outside the state boundary condition load, as explained above in Section
3.4.8). Putanother way, the allocations determined by this TMDL upstream ofthe Waterville monitoring station

are protective of the Waterville 860 metric ton total phosphorus target.

Table 25. TMDL allocation totals to the Watervillemonitoring station.

Allocation type

Spring season total

Daily total phosphorus

phosphorus (metrictons) (ke)
Wasteload allocation 61.1 399.6
Load allocation 540.1 3,530.0
Explicit margin of safety (3%) 18.9 123.8
TOTAL 620.2 4,053
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Table 26. A summary of the wasteload allocation totals to the Waterville monitoring station.

Wasteload allocation ph::;rogrilia(s:::ttr;:t taclms) ph(i?)i:rot:ltsa(lkg)

Wasteload allocation, total 61.1 399.6

Individual permitted discharging NPDES facilities* 37.9 247.8

Combined sewage overflows* 0.21 1.3

Discharging small sanitary general permit (OHS000005) 0.45 3.0

Discharging HSTS general permit (OHKO00004) 12.2 79.7

Individual permitted stormwater facilities* 0.29 1.9

Multi-sector stormwater general permit (OHR000007) 0.57 3.8

Constructiongeneral permit (OHC000005) 0.21 1.4

General MS4 general permit (OHQ000004) 93 60.8

Table 27. Load allocation breakdown to the Waterville monitoring station.

Spring season total Daily total

L e phosphorus (metrictons) | phosphorus (kg)

Load allocation, total 540.1 3,530.0
Grouped landscape nonpoint source load 532.5 3,480.5
Onsite HSTS 7.6 49.5

4.3. Model verification

Section 3.5 explains the model verification methods. The overall objective of this verification is to compare the
mass balance methods used for the existing (spring 2008) entire Maumee basinto several subwatershed
monitoring gages. This is because most of the monitoring gages were not in operation in the spring 2008. Also, the
hydrologic weighting adjustment factor should alsobe considered. Thisisapplied toeach HUC-12 that contributes
to the modeled load at each subwatershed gage examined in this verification. The hydrologic weighting factor was
developed usinglong-term streamflow records throughout the Maumee watersheds (see OLEC, 2020b). Therefore,
while the modeled loads are based on a mass balance from the 2008 Waterville monitoring station, the hydrologic
weighting factor essentially smooths out the temporal aspect of geographic disparity ofloads delivered from
within the Maumee watershed. Table 28 shows the observed and modeled results for each assessment gage along
with some statistics on the observed loads. Figure 42 graphicallyshows these results.

The 2008 modeled loads for all gages examined, exceptone, fall within the interquartilerange of the observed
loads evaluated. Eight ofthe 10 gages have a modeled toaverage observed standard errorless than +/- 25 percent.
And four of those gages match extremely closely with lessthan +/- 11 percentofthat same statistic.

The two gages with the greatest deviation of modeled to observed loads are St. Marys River at Wilshire, near the
Ohio and Indiana state line, and the upstream Tiffin River site. The St. Marys site hasa modeled toaverage
observed standard error of -33 percentand a 49 MT of total phosphorus underestimate. The upstream Tiffin site’s
standard erroris +41 percent with 22 MT of total phosphorus overestimated.
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Table 28. Model verification results. Modeled and observed spring loads with summary statics of the range of observed
loads. All load results are shown in metrictons.

Drainage | Modeled, Observed springloads
Monitoring station gage area existing
(mi?) springload Median | Average Min Max N Years
04178000 St.JosephR. near Newville 610 108.2 113.7 98.3 49.2 1440 |5 | 2017-21
04181049 St. Marys R. at Wilshire 386 100.2 157.9 149.2 85.4 | 246.1 |5 | 2017-21
04185000 Tiffin River at Stryker 410 74.5 56.0 52.7 236 | 845 14 | 2008-21
04185318 Tiffin Rnr Evanport 563 111.4 100.2 101.1 57.0 1575 | 8 | 2014-21
04185935 Auglaize R. near Kossuth 201 49.1 66.0 62.5 28.8 1086 |5 | 2017-21
04186500 Auglaize R nr FtJennings 332 81.4 100.0 106.9 47.6 1916 |8 | 2014-21
04188100 Ottawa River near Kalida 350 85.4 118.8 106.3 54.3 176.0 | 7 | 2015-21
04189000 BlanchardR. near Findlay 346 80.3 65.0 81.2 20.0 157.0 | 13 | 2008-20
04190000 BlanchardR. near Dupont 756 169.3 210.8 189.7 1124 291.7 | 8 2014-21
04191058 L. Auglaize R. near Melrose 401 102.4 105.4 124.2 67.3 | 2186 | 5 | 2016-20
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Figure 42. Model verification results. Box plots show the distribution (minimum: bottom of lower tail, 25th percentile:
bottom of box, median: middle of box, 75th percentile: top of box, and maximum: top of uppertail) of observedspring
season total phosphorus loads forall spring seasons with data available for each monitoring gage since 2008. Number
of seasons and the years of available data are listed below the label for each gage. The gray diamonds showthe
average observed springseason load. Yellow triangles showthe observed 2008 spring load fortwo stations where
monitoring was active thatyear. The orange boxes show the TMDL existing, spring 2008, mass balance modeled results
broken outto each of these monitoring stations.

As explained throughout the critical source assessment, Section 2.3, watershed size generally predicts the
magnitude ofload delivered best with largerwatershed areasproducing more load. Two pairs of the gages
included in this verification, the Tiffin and Blanchard rivers gages, are “nested” sites. In each of these pairs, one
gageis upstream of the other. Even with the overestimate of the upper Tiffin site, the modeled results for these
pairs fit the expectation of greater watershed size delivering greater loads.
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Note the hydrologicadjustment factor combined with land use does make a difference. For instance, the St. Mary’s

HUC-8 had the highest yieldingHUC-12s of the modeled load using this model for the Ohio Domestic Action Plan
landscape targets (as discussed in Section 2.3 and seen on Figure 29).

Moriasiet al. (2015) recommends a variety of performance measures when evaluating water quality models. These
recommendations are intended tobe used for comparing more process-basedmodels (such as SWAT and
Hydrologic Simulation Program - FORTRAN [HSPF]). However, grouping the results of the 10 gages modeled for
this verification allows for some of these statistical tests tobe carried out.

The dimensionless Nash Sutcliffe efficiency (NSE) test determines the relative magnitude of the modeled to
observed variance. This essentially provides a rating of the noise compared to information of the fit. For

phosphorus modeling, Moriasietal. (2015) suggest an NSE greater than 0.65 indicates a “very good” fit. When
examining the grouped average of each gage compared tomodeled results this verification has an NSE of 0.95.

The percent bias (PBIAS) test examines the average tendency of simulated data and provides a statistic for the
overall over or underestimation of bias. Values greater than zero suggest an overall underestimate and less than
zero an overestimate. In groupingthe 10 gagesaveraged observedloads compared tothe modeled a percentbias
of 10.2 percentis found. This indicates an overall slight underestimation,however, is considered a “good” fit for
nutrient modeling by Moriasi etal. (2015).

Overall, the standard regression analysis of comparing the modeled to average observed loads all the gages results
in a coefficient of determination (R2) of 0.73. The regression has a slope of 0.67 and y-intercept of 24 MT. Nodoubt
the modeled underestimate at the two gages with the greatest average observedload, the St. Marys River and
downstream Blanchard Riversites, influencethis statistic the most. Regardless, this analysis resultsin a “good” fit
for watershed scale phosphorus modeling according to Moriasietal. (2015).

When examining subwatershed observed loads comparedto the mass balance method,based on the downstream
Waterville monitoring gage,a slight modeled underestimate has been determined. This may reflect total
phosphorusload thatis “sunk” or lost between the subwatershed monitoringgages and the downstream
Waterville gage. Thisloss likely occurs due to particulate phosphorus settled out throughout the watershed and
other instream processes (as described in Section 2). The mass balance method does not explicitly take those
processesinto consideration but recognizes that the nonpoint source load includes both source and sinks of
phosphorus. This evidence that sinks are affecting watershed loads highlights the value that enhancing these
ecosystem services can provide.

This TMDL is wholly concerned with the far-field delivery of phosphorus to Lake Erie. Phosphorusloss currently
occurring between subwatershed gages and the Waterville gage is reduction that needs to continue tooccur in

order to reach the TMDL target that will primarily be measured at the Watervillegage. This verification exercise
shows that the use of the modified mass balance model isan acceptable approach for this TMDL project.

5. Preliminary Implementation Plan

Within the preliminary modeling results, the implementation plan will present the framework for implementation
for feedback from stakeholders. With that feedback, and through additional outreach, the complete
implementation strategy will be developed for the draft TMDL report. The TMDL development process in Ohio
leverages adaptive management Figure 43 presents a conceptual model of what that processlooks like.

The TMDL process was started based on assessments thatidentified impairments in the WLEB.The development
of the TMDL includes the initial implementation strategy to meet the load and wasteload allocations needed to
restore the impaired conditions of the WLEB. A component of that strategy in a system like this one where there
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are still unknown or poorly known processes (such as instream phosphorus cycling for example) is a process of
adaptive management.

Adaptive managementstarts with setting goals, or establishing milestones, to provide clear targets for
implementation measures. Implementing the strategy is given equal weight in the graphic, butitis the most
resource intensive part ofthe process that involves manylocal, state, and federal agencies, nonprofit organizations,
and individuals. To inform adaptive management we need to monitor the watershedand the lake tolink
implementation tothe desired environmental response. We need to evaluate that information by defining metrics
which turn the monitoring data intoinformation. Then we can use that information to adjust the strategy if
necessary.

The preliminary implementation strategy will lay out the framework for the initial strategy and propose ideas for
milestones, implementation actions, monitoring, evaluating progress and adjusting the strategy moving forward.

Implement
the Strategy

Monitor
Environmental
Response

Establish

Milestones

Assess

the Situation

Develop
a Strategy

Evaluate

Progress

Adjust

the Strategy

Figure 43. Conceptualization of TMIDL implementation with adaptive management.

5.1. Develop the Strategy

Overall, the strategy needs toidentify where itis believed, based on best available science,thatimplementation
efforts can achieve the needed reductions to meet the TMDL in a cost-effective manner. Implementation
opportunities were considered that would address the source categories discussed in Section 2 of thisreport. The
potential impact and relative costs of implementation of specific management actions work to inform the
allocations for different sources and the specificactionsidentified toimplement the strategy in Section 5.3. Figure
44 shows how these sources were conceptually linked toimplementation opportunities. Management actions
identified for sources and remainingloads consistent with the TMDL are divided into the wasteload allocation for
point sources and the load allocation for nonpoint sources. Improving nonpoint source sinks manages phosphorus

from both point and nonpoint sources which allows the implementation planto promote more cost-effective
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practices on the landscape where they effectively manage phosphorus from all sources. Figure 45 shows how
reductions are planned for the major source categories of point sources, nonpoint source sinks, and nonpoint
source management.

Ag nutrient management

/

Erosion management
Va

Onsite HSTS repair/replacement

- Legacy phosphorous drawdown and treatment

__Streambank erosion control

Remaining
Nonpoint Source __ Ag water management
Load — Other?

Remaining \-o NPDES Permits

Point Source Load o Stormwater
o Discharging HSTS
o Combined sewer overflows
HSTS: Household Sewage Treatment Systems e Other?
MOS: Margin of Safety

Figure 44. Implementation opportunities were considered to address all sources of phosphorus in the watershed.

Entire Maumee River watershed Ohio portion Maumee River watershed
~1500 Metric Tons ~590 Metric Tons ~1128 Metric Tons ~442 Metric Tons
~3.3 Million Pounds ~1.3 Million Pounds ~2.5 Million Pounds ~1.0 Million Pounds

of Phosphorus Reduction 2008 Baseline of Phosphorus Reduction

2008 Baseline

Ohio portion Maumee River watershed phosphorus reductions* and implementat

Point Sources Enhance Nonpoint Source Sinks Improve Nonpoint Source Management

~5 Metric Tons Reductions ~92 Metric Tons Reductions ~366 Metric Tons Reductions

Combined
Sewer G-t Wetlands
Overflows
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§  (Commercial § Management
¢ and Manure)

o " et 2 Stream
Stormwater 32 Restoration

Emerging

Management Technology
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* 3% of Ohio’s total allowable load (~21 metric tons) is reserved for the
-] - margin of safety. This effectively means that ~21 metric tons additional
reductions are required by the allocations.

Figure 45. Implementation to achieve the reductions needed to meet the TMIDL is accomplished by managing all sources

in the watershed.
97



Implementation efforts have been underwayfor over a decade, and research, funding,and policy changes have
started toshape the response tothe monumental challenge of addressing today’s water quality issues in Lake Erie.
International cooperation has set the goal posts for phosphorus management toaddress HABs. The Great Lakes
Restoration Initiative (GLRI) at the federal level and Governor DeWine’s H20hio initiative,among others,have
focused resources on addressing HABs in Lake Erie. Farmers are being tasked with changing the ways they farm
and how they thinkabout their linkto water quality.

Historically, nonpoint source phosphorus managementfocused on managing soil loss with the results bearing out
within the Maumee watershed. Fish species, such as the big-eyed chuband sand darters, that are sensitive to
sediment have been expanding their presence throughout theirhistoricrange. That success, in part, is thought to
have contributed totoday's challenges and we now know that phosphorus management extends beyond the soil

surface. Atthe same time, these challenges are exacerbated by increasing precipitation in the Great Lakes Region
with recentyears precipitation that ranking among the wettest years on record.

Nonpoint sources are the largest component of the total load, consequently they have been and will continue tobe
the focal point of management efforts. Tackling the nonpoint source challenge focuses on addressing key resource

concerns for nutrient management, erosion management, water management, and considerations for emerging
technologies. Section 5.3 details specificactions that work together toimplementthese actions.

Recognizing the magnitude of the challenge of managing nonpoint source phosphorusloads, a focus on managing
how water movesacross the landscape isincluded in the strategy. Efforts to slow and hold water within the
watershed have focused on restoring wetlands,stream channels,and floodplain connectivity, thereby restoringthe

functions once provided by these areas of the landscape. These functions provide phosphorus sinks and
compliment source managementas a means of achievingload reduction targets.

While point sources have substantially reduced phosphorus from historiclevels, ongoing efforts tomanage
combined sewer overflows, stormwater, and failing household sewage treatment systems in unsewered
communities will continue this trend. Managementactions are alsoneeded to ensure that existingfacilities
maintain the level of performance currently achieved through ongoing optimization, designing new infrastructure
to perform to higher standards, and consideringnew technologies that cost effectively manage phosphorus while
promoting sustainability.

Section 5.3 details specificactions that work together toimplement this strategy.

5.2. Establish Milestones

Ultimately, the goal of TMDL implementation is torestore the beneficial uses of Lake Erie and delist the
impairments. That goal alone is not enough, knowing that achieving success will be the culmination of many
actions that that incrementally improve the watershed. Additional programmatic milestones are being considered
that will allow implementation programs to measure interim success and adjust whereneeded. Figure 46 identifies
milestones under consideration. These are broadly categorized as planning & development milestones
(characterized inred); and implementation milestones (characterizedin blue).
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Planning & Development Milestones Under
Consideration
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Figure 46. Establishing milestones gives implementation programs opportunities review effectivenessand make
adjustments where progress is not meeting expectations.

Planningand development milestones to promote program development and coordination are needed for
successful implementation. The following planning milestones are underconsideration:

e Toensure H20hiohasthe maximum impact, agricultural BMPs need toadapt toemerging research.

e Followingestablishmentofthis TMDL, Ohio EPA will have to develop NPDES permits consistent withthe
strategy.

e Ohio programsrely onthe NRCS 590 nutrient managementstandard (which was recently revised)—these
updates are considered duringprogram reviews.

e Continue close intergovernmental coordination - ensuring regular meetings betweenimplementingstate
and federal agencies for consistent goals and objectives.

e Water managementisasimportanttoour success as nutrient management, but many promising practices
are not universally accepted. Continuing research and developing practice standards will facilitate water
managementas this TMDL progresses.

Implementation milestones are those thatmeasure change on the landscape. These could be changes associated
with quantifying implementation measure or improvements in water quality. The following implementation
milestones are under consideration:

e Increasingthe cropland acres with approved voluntary nutrient managementplans.

e Addressingunsewered communities.

e Implementing natural infrastructure.

e Expanding controlled drainage. This is one way to manage water. Itis notappropriate for all fields or
situations soidentifying a milestone needs torecognize these limitations.

e Increase participation in voluntary programs through H20hio

e DelistLake Erie

99



These types of actions all require coordination among many partners,including all levels of government, nonprofit
organizations, and individual landowners. Tracking these projectsis often tied to the organization providing
funding. A milestone would need to account for all these actions. These milestones will be refined through ongoing
coordination with implementing agencies and using stakeholder feedback. Some milestones could include numeric
thresholds where a metricbeing evaluatedis quantifiable and others may rely on narrativeinterpretations of
ongoing progress. Both will provide valuable feedbackasimplementation progresses.

5.3. Implement the Strategy

5.3.1. Point source management
Point sources are broadly managed as stormwater and wastewater treatment facilities. These are discussed in
separate sections below because they are monitoredand managed differently.

5.3.1.1. Stormwater

Stormwater is managed separately from wastewater treatment facilities because stormwater discharges are
managed through a diffuse network of pipes and conveyances rather than a discrete outfall. The discharges are
also not continuous and are irregular in nature. Because of this, monitoring stormwater discharges is more
challenging than discharges from treatmentfacilities. This challenge drives the expression of limits for managing
stormwater through the implementation of BMPs.

There are several permits that have conditions related to the discharge of stormwater:

e Individual permits for Phase | MS4 communities

e General permit for Phase Il small MS4 communities

e Individual permits for facilities that have stormwater requirements

e Muti-sector general permitforindustrial stormwater discharges

e Construction general permit for construction activities disturbing >1 acre

The management activities for meeting the wasteload allocation (WLA) in the Maumee watershed nutrient TMDL
varies for each of these permits. Implementation recommendations will vary by each permit type, but emphasis is

placed on two guiding principles: 1) BMPs that have a greater effect on phosphorusloading in the springtimeand
2) BMPs that emphasize the managementof DRP.

Phosphorusis typically managed in stormwater in different ways that affect permitting:

e Manage sources of phosphorus (e.g., lawn fertilizers, lawn debris, pet waste, etc.)
e Managingthe volume of stormwater discharged from a site (e.g., infiltration and retention practices)
e Managing concentrations of phosphorus with filtration practices

NPDES permits are one way that these practices are required but other actions also promote the implementation of
phosphorus management. Thereare otherlocal, state, and federal efforts that influence phosphorus sources and
management in the watershed’s most urbanizedlandscapes. The use of phosphorus for lawn maintenance has been
limited reducing this phosphorus source statewide outside of the stormwater permitting program. Other initiatives
have promoted water retention and filtration to promote wildlife habitat and water retention. Local park districts
have worked to expand their footprint and enhance land preservation and water retention. The largest urbanized
areain the watershed (Toledo) is within the Maumee Area of Concern (AOC) which hasa specific objective to
improve wildlife habitat. The H2Ohioinitiative has increased the funding for natural infrastructureand
communities have been critical partners for getting projects implemented. These efforts contribute to ongoing

reductions accounted for in the Load Allocation that are not accounted for through the NPDES permits for these
facilitiesand communities.
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General Permit for Small MS4 Communities

Small MS4s are required to comply with requirements contained in the NPDES Small MS4s General Permit. Small
MS4s arerequired by the NPDES permit to develop a Storm Water Management Program that contains six
minimum control measures. The NPDES Small MS4 General Permit (OHQ000004) contains more specific
requirements for small MS4sin TMDL watersheds. The requirements apply tosmall MS4sidentified in Appendix A
of the General Permit (the listing includes Small MS4s with wasteload allocations in current, approved TMDL

reports). The fact sheet that accompanies the General Permit contains more specificinformation on the
requirements for the identified Small MS4s in TMDL watersheds (epa.ohio.gov/dsw/storm/index).

Due to timing of the NPDES Small MS4 General Permit renewal and the drafting of this TMDL, only small MS4
communitieslisted in Appendix A of the permit will be required to follow the near-field phosphorus TMDL related
requirements duringthe term of the renewed general permit. The additional phosphorus allocation to small MS4
communities identified in the draft TMDL report will be incorporated into the next renewal of the NPDES Small
MS4 General Permit(renewal in 2026). The renewal will include communities affected by the allocations and
additional measures to direct phosphorus reduction activities toimprove managementof DRP.

The cost will vary for each small MS4 depending upon the numberof pollutants causing water qualityissues within
a watershed, the types of pollutants and size of small MS4 (number of watersheds the MS4 isin), and the current
level of BMP implementation. The cost may include the extra timein developing materials, distributing materials,
additional construction site inspections of sites in noncompliance, education of contractors on green infrastructure
practices, additional street sweeping and catch basin cleanouts, etc. There is one new requirement for post-

construction storm water managementthat will likely be an additional cost to the small MS4 communities with
applicable TMDLs.

e Retrofitone (1) existing storm water practice that solely provides a peak-discharge function to meet the
performance standardfor an extended detention post-construction practice; or

e Performrestoration ofat leastthree hundredlinear feet of channelized stream where natural channel
stability and floodplain restoration will reduce stream erosion; or

e Update ordinance or other regulatory mechanism torequire OHCO00005 Table 4b practices and /or other
green infrastructure practices where feasible.; or

e Installone (1) or more Table 4b practices totreata minimum of 1 acre of existingimpervious area
developed priorto2003.

Individual MS4 Permit for Toledo

Similar to the Small MS4 general permit, Toledo’s individual NPDES permitrequires the development of a
Stormwater Management Programand the implementation of BMPs that target the six minimum control measures.
In addition, Toledo’s permit contains conditions for inspecting industrial and commercial stormwater dischargers,
BMP performance monitoring, and representative seasonal outfall monitoring. The outfall monitoring has included
total phosphorusand DRP. While Toledo’s MS4 permitis currently in the process of being renewed, a draft permit
has not yetbeen publicnoticed. Toledoand other individual permits typically, include the same performance
standards as the Small MS4 general permitdiscussed above. Due totiming ofthe NPDES permit renewal and the
drafting of this TMDL, Toledo’s draft permit will likely contain many ofthe near-field phosphorus TMDL related
requirements listed in the discussion about the current Small MS4 general permit. The phosphorus allocation to
the City of Toledoidentified in the draft (far-field) TMDL report will be considered in the next renewal of city’s
NPDES MS4 Permit.
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Multi-sector General Permit for Industrial Stormwater

Facilities that have coverage underthe general permithave discharges of stormwater exposed toindustrial
activities. The permit requires installation of BMPs that minimize the discharge of pollutants from the site.
Industrial activities must also meet all local government construction stormwater requirements. Many of the
required BMPsresultin improved managementof phosphorusleaving the site including:

e Good housekeeping practices

e Spill prevention and response procedures

e Erosion and sediment controls

e Management of runoff

e Employee training

e Dustgeneration and vehicle tracking ofindustrial materials

If anindustrial facility owner/operator obtains coverage under the NPDES Multi-sector Stormwater General
Permit and properly selects, installs, and maintains all BMPs required under the permit, the stormwater discharges
would be expected tobe consistent with the WLA in this TMDL.

Construction General Permit

The WLA for stormwater discharges from sites where there is construction activity reflects the number of
construction sites greater than one acre expected tobe active in the watershed at any one time, and the BMPs and
other stormwater control measures that should be implemented at the sites tolimit the discharge of pollutants of
concern. The BMPs and other stormwater control measures that should be implemented at construction sites are
defined in Ohio’s NPDES Construction Stormwater General Permit (OHC000005). Construction activity mustalso
meetall local government construction stormwater requirements. BMP requirements that will result in compliance
with the WLA include:

e Preservation methods

e Erosion control practices

e Runoffcontrol practices

e Sedimentbarriersand diversions

e Post-construction stormwater controls

If a construction site owner/operator obtains coverage underthe NPDES Construction Stormwater General Permit
and properly selects, installs, and maintains all BMPs required under the permit, the stormwater discharges would
be expected tobe consistent with the WLA in this TMDL.

5.3.1.2. Wastewater Treatment Facilities

The TMDL analysis showed that 20 percent of NPDES-permitted treatment facilities account for more than

85 percent of the point source waste load allocation. These discharges are largely municipal wastewater treatment
facilities with some industrial facilities that contribute phosphorus at similarmagnitudes. The WLA was set based
on thelevel of control demonstratedin 2008 which, through optimization and other actions, has been maintained
when evaluated collectively. However, when the total WLA is distributed equitablytoindividual facilities, not all
facilities would meet the individual allocation every season. Toimplementthe WLA, a general permitis proposed
to facilitate flexibility for permitted facilities.

e Implementingindividual WLAs would trigger compliance schedules for many facilities, even though asa
whole the level of control among the wider community may be at an appropriate levelwhen looking at far-
field impacts given existing efforts to manage phosphorus.
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e A general permitgives the option to manage complianceasa seasonal load averaged across the community.
Thatis consistent with how ongoing implementation efforts have considered the impact oftreatment
facilities on phosphorusloading.

e A general permit provides ‘de facto’ trading by allowing loads across the community to be grouped. This
option may be appealing because in this framework existing technology would be optimized to comply with
the WLA, thus avoiding capital expenditures because the cumulative load limit is met. New and expanding
facilities would be expected to utilize newer technology and then optimize thattechnology.

e A general permitisagood frameworkto facilitate formal trading as well. Trading could promote

collaboration that allows for implementation whereitis cost effective, either through point-to-point or
point-to-nonpoint source trading.

Following this flexible permittingproposal facilities should be able to continue to optimize and operate existing
facilities tomaintain the WLA, without incurring additional costs. To maintain the loading capacity and ensure
compliance is maintained, opportunities to optimize treatment should continue tobe evaluated.Opportunities
include:

e Continued optimization of new and existing treatmentprocesses
e Including phosphorusin pretreatment evaluations

e Sidestream treatment

e Nutrientrecovery

e Sprayirrigation oftreated effluent

As individual facilities grow or new facilities are proposed, an opportunity is presented to utilize more advanced
technology ata marginal cost compared toan unplanned upgrade triggered by a compliance schedule. Tomaintain
capacity in the WLA and manage growth, we propose that new, expanding, or upgrading biological treatment
facilities with an average daily design flow equal to or greater than one million gallons will receive a monthly
average concentration limit of 0.5 mg/L. A 2021 study on the life cycle cost of nutrient treatment technologies
completed by U.S. EPA calculated the cost of facilities capable of meeting a 0.5 mg/L limit compared to technology
thatwould meeta 1.0 mg/L limit would increase the capital costs by 10 to 30 percent and annual operating costs

by approximately 10 percent (U.S. EPA, 2021). Specific project costs will involve many factors specifictoan
individual facility design including butnot limited to:

e Spaceavailable for facility construction
e Existinginfrastructure that can be repurposed in new design
e Influentcharacteristics

Should an NPDES permit holder determine thatcompliance withthe TMDL is technically and/or economically
unattainable, the permittee may submit an application for a variance to the underlying WQS (e.g., the narrative

criteria for algae) used to develop the proposed effluent limitation in accordance with the terms and conditions set
forthin 0AC3745-33-07(D).

The remaining 80 percent of facilities together contribute less than 15 percentofthe load from permitted facilities.
These facilities may not have phosphorus-specific controls and the WLA in the TMDL is consistent with the existing
performance. Additional phosphorus reductionsare not proposed for these facilities. Existing efforts to promote

optimization, regionalization,and onsite discharge will continue but have not been accounted for as reductions
expected tomeetthe WLA.
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5.3.2. Modifications of point sources implementation

Final, approved TMDL reports may be modified. In the future, Ohio EPA may make changes totheload and/or
wasteload allocations in the Maumee Watershed Nutrient TMDL report when new information becomes available,
or circumstances arise duringthe implementation of the TMDL report suggests such modifications are appropriate.
Ohio EPA will notify U.S. EPA Region 5 and the publicregarding any shiftsin loading it makes within the sum of the
load allocations or within the sum of the wasteload allocations. Any changes or re-allocation between the WLA and
load allocations (LA) or changes in the TMDL’s loading capacity will be made available for draft publicreview and
comment following the same procedures as a draft TMDL report and submitted to U.S. EPA Region 5 for review and
approval asa revised TMDL. New information generated during TMDL implementation may include monitoring
data, BMP effectiveness information, and land use information.For shifts in loading within the sum ofthe WLAs,
Ohio EPA will provide publicnotice as part of the NPDES permitting process. Ohio EPA will make such shifts only in
the event that the shifts will not resultin a change tothe sum of the WLAs, the sum ofthe LAs, and the total loading
capacity.In addition, any adjusted WLAs or LAs will be setata level necessary toimplement the applicable water

quality standards.Reasonable assurance will be provided where appropriate. The Agency will notify U.S. EPA
Region 5 of any anticipated changes to this TMDL 30 days prior to proposing those changes.

5.3.3. Load allocation (nonpoint source) preliminary implementation plan

Achieving the reductions sononpoint sources meet the load allocation can be accomplished both through source
reduction and enhancing sinks within the landscapeand assimilation with the stream network. The Maumee
watershed has been the focal point for nutrient managementin the WLEB watershed since HABs reemergedin the
mid-2000s. In this timeframe a major shift in conservation planning for phosphorus management has also
occurred. Historically, phosphorus management focused on surface losses driven by runoffand erosion because
subsurface losses were perceived as negligible (King et. al, 2015). That perception has changed, and phosphorus
management now encompasses subsurface transport with the understanding that dissolved forms of phosphorus

are a critical fraction to total losses. In that time, the groundwork has been laid to facilitate implementation
through planning, funding, policy, voluntary actions, and ongoing research.

5.3.1.1. Water Quality Planning

The state of Ohiohas been atthe forefront of developing aresponse to algal blooms in Lake Erie. Building on the
work of the Ohio Phosphorus Task Force, Ohio participated in efforts at the federal level through the GLWQA of
2012 tolink the harmful algal blooms and to specificamounts of nutrients measured in the tributary rivers,
especially the Maumee.

The governors of Ohio and Michigan and the premier of Ontario committed toa goal of reducing phosphorus
loadings to Lake Erie by 40 percent through the signingofthe Western Basin of Lake Erie Collaborative Agreement
(Collaborative), firstin 2015 and againin 2017. The Collaborative was intended to serve as the precursor tothe
Ohio DAP. Ohio’s DAP has advanced efforts toward the proposed nutrient reduction targets put forth in the GLWQA
under Annex 4 (Nutrients).

To facilitate implementation the state of Ohio has cooperated with the development of many other modeling efforts
in the watershed. Results from prior SWAT modeling efforts in the Maumee watershed and similar landscapesare
summarized in Appendix 2. Ultimately, Scavia etal. (2017), indicated that it would take a suite of BMPs targeted at
high-yieldingarea (subsurfaceapplication of phosphorus fertilizer, cereal rye cover crop in years without wheat,
and medium-quality buffers) tomeetloading targets on average in the Maumee watershed using an ensemble of
SWAT models. In a follow-up effort, Martin etal. (2019, 2020) concluded that only some models showed meeting
the DRP targets under the highestlevels ofimplementation considered using the more stringent 9-of-10years

metric for meeting the targets. The model review makes the following conclusions about implementation needs in
the watershed:
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e Implementation will needtobe widespread.

e Accomplishing DRP reductions will be more difficult than meetingtotal phosphorus targets.
e Nosingle BMP will meetloading targets and a suite of BMPs is necessary.

o BMPstargeted tohigheryieldinglandscapes were more effective than random placement.

e Itwilltake common and less common (even emerging) BMPs tomeet the targets.

Thiswork continues as a state priority and a current projectis funded by Ohio through the Harmful Algal Bloom
Research Initiative (HABRI) and via H20hio touse a SWAT model of the Maumee River watershedto evaluate the
impact of ongoing implementation, including specificactions and scenarios based on H2Ohio programs.These
efforts continue toimprove the capability of the SWAT models to evaluate DRP, incorporate additional BMPs
(including instream processes for DRP), and refine the baseline inputs to make results more meaningful. Together
these efforts have improved our understanding of the watershed and identified a path forward thatrequires a high
level of implementation.

Several agricultural BMPs, including nutrient management plans, are broadly applicable and county
conservationists can promote these directly with growers. However, consistent with modeling research
summarized above (Martin etal. 2019; Scavia et.al 2017), targeted implementation of other practices isimportant

in meeting the load reduction target efficiently. Ohio has continued to use development of implementation-
oriented watershed plans for the most effective siting of structural practices.

Nine-element watershed plans (also known as Nonpoint Source Pollution Implementation Strategy (NPS-IS)
identify critical areas, organize stakeholders, setlocal goals and objectives for conservation practice
implementation, identify implementers and funding sources, and most importantly, develop ready-to-go projects
and conservation practice adoption and activity. These also establish project eligibility for federal funding (Ohio

EPA,2020c). These are written for 12-digit HUC-12 watersheds,which are typically about26 square milesin area,
and are a key mechanism for identifyingload reduction opportunities.

As partof the strategy outlined in the Ohio DAP, state agencies began including HUC-12 far-field load reduction
recommendations in watershed planning efforts. Specificemphasis was placed on the development of plans that
include these recommendations in the southernportion ofthe Maumee River watershed becauseelevatedloading

is observed in the region due to relatively higherstream discharge and a higher percentage of the landscape being
committed toagricultural production.

The Ohio DAP hasidentified 10 key practices for the focus of state efforts to streamline fundingthrough the
H2O0hio Initiative. These practices showed the greatest potential toaccomplish phosphorus reductions due tothe
impact, both as the amount of the practice that could be used and the practice efficacy, and cost of the practices.
These practices were divided into nutrientmanagement, erosion management,and water managementbased on
how they manage phosphorusloads.

Nutrient Managementis a generalized term for planning nutrient application events on the agricultural
landscape. These characteristics are generally related to the 4R’s of Nutrient Management — using the right
nutrient source at the right rate and right time in the right place. Thereare four selected practices in this category:
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o Soil testing and nutrient management plan
Nutrient o Variable rate fertilization
Manage-

ment o Subsurface fertilizer placement

o Manure incorporation

Erosion Management seeks to slow or stop the loss of soil-attached nutrients by reducing soil disturbance and
improving soil health. There are two selected practicesin this category:

Erosion o Conservation crop rotation
[ELED
ment o Cover Crops

Water Managementincludes practices that slow water flow, settle sediments, and absorb nutrients. There are
four selected practices in this category:

o Drainage water management

Water o Edge-of-field buffers

Manage-
ment o Two stage ditch construction

@ Wetlands

A key feature of effective water quality planningis identifying key resource concerns. Section 2.2 of this report
describesthe existing science regarding the contributions of phosphorus from nonpoint sources in the watershed.
These sources are described in these major categories: agricultural row crop fertilizers (commercial and manure),
agricultural soils and legacy sources, non-agricultural stormwater, ditch and streamside sources, and changes in
watershed hydrology. BMPs donot cleanly manage just one source category so for planning purposes we need to
linkthem to the key resource concerns identified.

Agricultural Row Crop Fertilizers (commercialand manure): Nutrient management BMPs are directly linked
to improving management of fertilization. The fundamental tenantof managing fertilizersis soil testing and
developing a nutrient management plan. This practice establishes a baseline for understandingnutrient needson a
farm as well as establishes the plan for how the 4R’s can be successfully implemented for an individual field and
producer. From the management planadditional resource concerns can be identifiedand addressed. One of the
most effective ways to manage agriculturalfertilizers is through improved incorporation into the soil profile; this
practice is central toany scenarioin SWAT modeling research that has shown DRP targets being met.

Agricultural Soils and LegacyPhosphorus: All soils contribute phosphorus to streams, however,enhanced
drainage and phosphorus inputs toimprove fertility have led toincreased phosphoruslevel in agriculturalsoils.
Soil loss from agricultural fields contribute total and DRP to streams and managing erosion is an important
measure to continue facilitating. Increasing cropping diversity through conservation crop rotations and cover
crops both provide opportunities to manage soil loss. Soil phosphoruslevels have been increased in some

agricultural soils tolevels that exceed the need for agronomic production. These soils require additional
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consideration. The first step to managing these soils isidentifying where they exist in agricultural fields. Thisis a
critical function of nutrient management planning and soil testing. All or part of a field could have soil phosphorus
that exceeds the threshold for agricultural need.In each ofthese cases there isan opportunity toreduce
phosphorus fertilization while maintaining crop yield. Wherewhole fields have elevated phosphoruslevels,
fertilization can be avoided while crops mine phosphorus from the soil as acomponent of a nutrient management
plan. When phosphorusis elevated in portions of a field variable rate fertilization affords the opportunity to avoid
fertilization where phosphorusin not needed agronomically.

In some cases, the legacy phosphorus in agricultural soils can reach levels that are critical to manage for
environmental losses of DRP. Ongoing research discussed in Section 5.2.5 details continuing efforts tounderstand
where these areas are and how to manage them. Edge-of-field management through practices like phosphorus
treatment wetlands or other emerging technologies are targetedat this source.

Ditch and Streamside Sources: Streams and drainage ditches can contribute phosphorus through erosion and
remobilization of phosphorus that was previously assimilated. Many streams in the Maumee watershed are
maintained to promote drainageand facilitateagricultural production. Traditionally, theseditches were
maintained as trapezoidal channelswhich were effective at providing drainage. Two stage ditches were identified
as an opportunity to promote natural stream functions in these maintained channels. This design allows for
deposition of sediments on establishedbenches and reduces sheer stresses from high stream flows by lowering the
elevation of peak flows. Other water managementpractices like controlled drainage and natural infrastructure
practices alsohelp manage erosive forces from peak flows.

Changes in Watershed Hydrology: Precipitation, especially in large storm events, have increased in the last two
decades. These changes have been a major contributor tothe increase in DRP loads in the Maumee watershed.
Addressing nutrients in the watershed necessarily includes considerations of managing the water volume, not just
the concentrations of nutrients. Natural infrastructure and controlled drainage have been identified as cost-
effective managementpractices directed at water management. These practices help store water on the landscape
so it caninfiltrate or be lost through evapotranspiration. Ohio EPA, with 319 and GLRIfunding have worked with

landownerstoinstall new and emerging water management technologies, including: cascading waterways, water
reuse projects (storage and irrigation), and saturated buffers.

The DAP and nine element NPS-1S’s are living documents that continueto develop and be revised as new
information becomes available.Ongoing research continues toimprove the understanding of practice efficacy,
especiallyregarding management of DRP. Some key research projects are evaluating practices for managing
elevated soil test phosphorus, watershed scale implementation efficacy for paired watersheds, efficacy of water

management practices (saturated buffersand water reuse), edge-of-field research on BMP efficacy, and more. As
these planning efforts continue Ohio will consider new information thatis a result of these projects.

5.3.3.2 Policies

The establishment ofa TMDL does not change law, regulation, or policies. Nonetheless, laws, regulations and
policies do change, and Ohio’s state agencies then implement those new regulationsand policies. Several key
regulatory and policy updates have been a part of Ohio’s management of phosphorus in the WLEB as algal blooms
havereemerged. Those include:

e SenateBill (SB)141(2001): Formed the Division of Livestockand Environmental Permittingat ODA

0 ODA startsreviewing permits toinstall for CAFFs
0 Established Certified Livestock Manager (CLM) program, additionalrequirements
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NRCS 633 Waste Utilization practice standardupdated (2003) - additional restrictions on liquid manure
applications on tile drained lands including: liquid application rates, macropore disruption, tile
management,and winter application requirements

NRCS 590 Nutrient Management practice standard updated (2012) - Added manureinto nutrient
management standardand incorporated Phosphorus-index

SB 1 (2015) - Expanded manure application restriction to smaller operations, required distribution and
utilization of CAFF manuretouse CLMs or have ag fertilizer applicator certification, established ag fertilizer
applicator certification

SB (299) - Provided funding to support soil and water district staffat districts in the WLEB.

NRCS 590 Nutrient Management practice standard updated (2020) - incorporates updated Tristate
Standards, eliminates Phosphorus-index, emphasison drawdown for fields with elevated soil phosphorus

In addition to practices that have impacted nutrientmanagement initiatives have also established new and

prioritized funding opportunities in the WLEB, especially the Maumee watershed. The results of these effortsare
discussed in the next section.

5.3.3.3 Initiatives and Funding to Facilitate Implementation

Additional resources have been allocated throughlegislation and implementation initiatives. These efforts have
spanned all levels of governmentin response to one of the most substantial water quality challenges facing
Ohioans.

State Initiatives

H20hio - Launched by Governor Mike DeWine this initiative was first funded by the General Assembly for
the 2020-21 biennium withan investment of $172 million. A targeted priority of the initiative isreducing
phosphorus and the WLEB and Maumee watershed have prioritized as programs rolled out. Initiatives
include promoting agriculturalmanagement practices, natural infrastructure, and addressing failinghome
septicsystems.

Ohio EPA 319 program - The federal clean water actamendmentsin 1987 created the national program
to control nonpoint source pollution. Since 1990, Ohio EPA has annually applied for, received, and
distributed Section 319 grant funds toaddress NPS caused waterquality impairment to Ohio’s surface
water resources. Section 319(h) implementation grantfundingis targeted to Ohio waters where NPS
pollution is a significant cause of aquaticlife use impairments. The cornerstone of Ohio’s 319 program is
working with watershed groups, ODA, ODNR, OLEC, local SWCDs, county engineers, and others whoare
implementing locally developed watershed managementplans and restoring surface watersimpaired by
NPS pollution.

Ohio LakeErie Protection Fund - OLEC administers Ohio’s Lake Erie Protection Fund, which was
established tofinance research and on-the-ground projects aimed at protecting, preservingand restoring
Lake Erie and its watershed. Projects focus on critical issues facing Lake Erie, including nutrient reduction,
beneficial use of dredged material, water quality protection, fisheries management, wetlands restoration,
watershed planning, invasive species, algal bloom research, Lake Erie ecological shifts, and environmental
measurements. More than $12 million has been distributed to over 365 projects since 1993. The projects
have also attracted significantamount of federal funding into Ohio, as projects are often used to match
funds from various federal agencies.

Clean Lake 2020 Plan (SB 299) - The bill provided funding toward a variety of programs aimed at
supporting Lake Erie and reducing toxicalgae. This included additional fundingfor SWCDs to support
additional staffin WLEB counties where additional resources werebeing targeted and staffwere needed
for project coordination and implementation.
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e OSU Extension - OSU Extension’s mission is to “create opportunities for people to explore how science-
based knowledge can improve social, economic and environmental conditions.” OSU Extension has a
priority for programs to help people make informed choices and lead local effortsaimed at maintaining or
improving environmental quality for future generations. Field specialists with OSU Extension in agronomic
systems and manure nutrient managementsystems have specializations in nutrient management and
applied research for better managing agricultural nutrients.

e Ohio Sea Grant and Stone Lab - Using a strong combination of research, education and outreach efforts,
as well as partnerships with academia, governmental agencies and the private sector, Ohio Sea Grant works
with the Lake Erie community to solve the region’s most important environmental and economicissues.
Ohio Sea Grantadministers the Harmful AlgalBloom Research Initiative on behalfofthe Chancellor of the
Ohio Department of Higher Education.

Federal Initiatives

e USDS-NRCS

0 EQIP - The Environmental Quality Incentives Program provides financial and technical assistance
to agricultural producers and non-industrial forest managers to address natural resource concerns
and deliver environmental benefits such asimproved water and air quality, conserved ground and
surface water, increased soil health and reduced soil erosion and sedimentation, improved or
created wildlife habitat, and mitigation against droughtand increasing weather volatility.

0 GLRI-Fundingfrom the Great Lakes Restoration Initiative supplements NRCSfunding from the
Farm Bill. The fundingis directed to priority watersheds in the Great Lake’s region, includingthe
Maumee watershed.Fundinginitiatives have emphasized on farm research through a network
demonstration farms and edge-of-field research; building partnerships with other federal, state and
nonprofit organizations; and implementing practices toreduce phosphorusloads from agricultural
fields.

0 Regional Conservation Partnership Program (RCPP) - The Tri-State Western Lake Erie Basin
Phosphorus Reduction Initiative is a multi-state RCPP projectthat brings togethermore than 40
partnering organizations from Michigan, Ohio, and Indiana toreduce the runoff of phosphorusinto
the WLEB. RCPP promotes coordination between NRCS and its partners to deliver conservation
assistance toproducers and landowners. With RCPP,partners are in the driver’s seat with technical
and financial help from NRCS.

e U.S.EPAGLRI fundingisallocated through five focus areas, all are geared to improving water quality in the
Great Lake’s and twoinclude targeted actions thatwill improve phosphorus management in the Maumee
watershed.

0 Focusareal is for Toxic Substancesand Areas of Concern. The GLRI has a goal to delistthe AOCs
which include the Maumee AOC. The AOCs include a beneficial use for habitatloss and wildlife.
Though the focus of these initiatives is not phosphorus management much ofthe lost habitatin the
AOCis wetland or riparian in nature which places emphasis on restoring these ecosystems. These
restoration efforts will restore crucial sinks and slow water as it moves across the landscape.

0 FocusArea 3 is specifically for nonpoint source pollution impacts on nearshore health, thisincludes
targeted investments toreduce nutrientloads from agricultural watersheds (like the Maumee),
reduce untreated stormwater runoff, and improve effectiveness of nonpoint source control and
refine managementefforts.

Local Initiatives
Local communities have embraced the challenges of managing phosphorus contributions to Lake Erie with a vision
shared bylocal governments and parkdistricts. Many counties, communities, and other local organizations serve
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as partners for implementing projects in the Maumee watershed. Below two initiatives are highlighted which have
specificwater quality goalsin their mission statements. These examples show how communities can engage with
water quality improvementwhile promoting projects that provideancillary benefits to the community through
enhanced green spaces.

Metroparks Toledo: Metroparks Toledo includes water quality in its mission statementwith emphasis on
increasingland holdings since 2003. Metroparks has more than 12,000acres throughoutthe region, and
much isin the Maumee watershed.

Defiance Land to Lake - The Land to Lake initiative in Defiance promotes getting involved in protectingthe
water resources of the Maumee River through Defiance County. Projects promoted by the initiative include

education, research (Upper Maumee Smart Watershed Pilot), and facilitating wetland restoration through
the H20hio program.

Nonprofit Organizations

Nonprofit organizations provide additional staffto oversee project development, provide opportunities for the
publicto contribute toimplementation efforts, and where needed can facilitate land acquisition and maintenance
for projects.

Black Swamp Conservancy - Black Swamp Conservancy is aland trust dedicated to preservingand
protecting natural habitats and family farms in northwest Ohio for the benefit of future generations.
Preserved lands comprise the nearly 20,000 acres that have been permanently protected by the
Conservancy since our founding in 1993. Much of thatland retains privateownershipbutthe conservancy
owns several properties and has been a partnerto facilitate natural infrastructure implementation in the
Maumee watershed.

The Nature Conservancy - The Nature Conservancy has been a valuablepartner for getting projects
implementedin the Maumee River watershed. This includes oversight of GLRI funds targeting natural
infrastructure and nutrient management projects.

Pheasants Forever - Pheasants Forever volunteers, members and staff work with farmers and landowners
to complete conservation and wildlife habitat projects that compliment working farm and ranch
operations. Staffinclude the “farm bill biologists” program which is supported through diverse
partnerships with USDA-NRCS, Farm Service Agency, state wildlife agencies,and others. The program
provides a “boots-on-the-ground” delivery system which collaborates with local farmers, ranchers, and
landownersto educate and assist with enrollment in various voluntary incentive-based conservation
programs.

Ducks Unlimited - Ducks Unlimited includes a Lake Erie Priority Area for Ohio conservation projects. This
hasled to partnering torestore and protect wetlands in the WLEB, including the Maumee watershed. The
organization hasjoined with ODNR as an implementingpartner for the H20Ohio initiative.

Partners for Clean Streams - Partners for Clean Streamsis dedicated to the health of the streams and rivers
of the greater Toledoregion and the people who use them. They partner directly with citizens, businesses,
governmental agencies, and other non-profit organizations to take local ownership of rivers, streams, and
lakes. They workto connect these partners and volunteers to take actions making those waterways clean,
clear, and safe.

Blanchard River Watershed Partnership - The partnershipbegan as an informal group in 2003. Since its
inception, the BRWP has formed many working relationships with federal, state, and local agencies, such as
the U.S.EPA, Ohio EPA, USDA, USGS, Soil and Water Conservation districts, the City of Findlay, the Village of
Ottawa, the Village of Bluffton, County Commissioners, County Boards of Health, and many other agencies
in the watershed. The groups mission is to “Encourage water quality improvements to our geologically
unique, northwestern Ohio watershed, through sustainable land use, collaboration, conservation and
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enhancement of natural and man-made resources.” The partnership hasbeen activein developing
watershed action plans and facilitating projects in the Blanchard River watershed.

Ohio Agricultural Conservation Initiative - This a partnership betweenagriculture, conservation,
environmental and research communities recognizes farmers for their dedication toadvancing methods
thatimprove water quality in Ohioand increasing the numberof BMPs being implemented on farms.
Other Environmental Organizations - Many more environmental advocates that promote water quality in
Lake Erie are active in Ohio, including Lake Erie Waterkeeper program, Alliance for the Great Lakes, Ohio
Environmental Council, Lake Erie Foundation, Lake Erie Charter Boat Association and others. These groups
promote actions thatimprove water quality in Lake Erie and provide opportunitiesfor citizens to be
involved in solutions.

Other Agricultural Organizations - Ohio has a diverse group of agricultural organizations representing
interestsacross the industry, including Ohio Farm Bureau Federation, Ohio Corn and Wheat Growers
Association, Ohio Soybean Council, Ohio Dairy Producers Association, Ohio Pork Council, Ohio Poultry
Association, Ohio Agribusiness Association, and others. These organizations participate in and support

initiatives promoting nutrientmanagementin Ohio, including the Blanchard River Demonstration Farms
Networkand the Ohio Agricultural Conservation Initiative.

Pilot Programs and Initiatives

These pilot programs and ongoing initiatives have promoted novel frameworks thatcould facilitate additional
implementation in the Maumee River Watershed.

Conservation Technology Information Center’s Phosphorus Load-Reduction Stimulation Program (PLUS-
UP) - This pilot program was offered in 2022 and developed a market mechanism where companies are
encouraged to purchase phosphorus credits. The pilot program was funded by a purchase of credits from
Bayer Crop Science. The program is a ‘pay for performance’ program and with load reductions calculated
using the Nutrient Tracking Tool.

Great Lakes Commission Erie P Market — From 2016 to 2018, the Great Lakes Commission developed and
piloted the Erie P Market to address the excessive runoff of pollution from agricultural land that
contributes to the formation of algal blooms and dead zones in the Great Lakes. The project was designed
to test water quality tradingand stewardship crediting as nutrientreduction tools capable of crossing state
and provincial boundaries in the WLEB.

Great Lakes Commission Conservation Kick- The Great Lakes Commission launched Conservation Kickin
March 2020 to create a water quality marketplace for the Great Lakes Basin.Building on the pioneering
vision of the Great Lakes Basin Compact to efficiently and responsibly develop, use, and conserve the water
resources of the Basin, Conservation Kickaims to keep soil and nutrients out of the Great Lakes and protect
drinking water by allowing utilities, industries and businesses, nonprofit organizations, and concerned
citizens to invest in water quality credits.

Additional Voluntary Actions

Improving water quality requires all available resources tobe used. Among these are initiatives that are led by

individuals or industry. Just asis the case with other fundinginitiatives, theseactions may not be solely inspired

for environmental managementbut none-the-less play an important role in nutrient management in the
watershed. The following initiatives or actions have been industryled:

4R Nutrient Stewardship - This initiative is a collaboration between The Fertilizer Institute, the
International Plant Nutrition Institute, the International Fertilizer Industry Association, and the Canadian
Fertilizer Institute. The 4Rs promote using fertilizer with the Right source, at the Right rate, Right time,and
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in the Right place. The initiative encourages considering the economic, social, and environmental
dimensions of nutrient managementto promote sustainable agriculture.

e Phytaseinlivestockfeeds - Supplementalphosphorusisrequired inlivestock diets, especially poultry and
swine. Using dietary phytase torelease phosphorus from forms in plants typically unavailable tolivestock
allowsless dietary phosphorustobe added. This can decrease the amount of phosphorus in manure by 15-
30 percent (Applegate etal.,2008). This practice has become more common as phytase has become more
available and economical.

Demonstrating efficacy emboldenscommunities and agricultural producers to embrace change. Land management
has changed over the years as technology has evolved. For example, gridded soil sampling and variable rate
nutrient management have been embraced by many agricultural producers. This is a win-win because it saves
costs to the producersin addition toits environmental benefits. While initial exposure to these practices can be
facilitated by cost-share programs, long term success dependson the value being recognized by an agricultural
producer and continued voluntary implementation.

5.4. Monitor Environmental Outcomes

The goal of the TMDL projectis to restore the beneficial uses of Lake Erie through achieving phosphorus
reductions. The ultimate measureof success is measuring the environmental outcomes that show that goal is met.
That outcome is only expected tobe realized when a high level ofimplementation is achieved sointermediate
measures become important to track progress and inform adaptive management.Figure47 shows how monitoring
occurs atdifferentlevels across the landscape and data collected at those levels.

Monitor
Environmental
Response

Water Quality Gages
Sentinel Watersheds + Regional (HUC-8) + Basin (Waterville)

Research
ODNR H20hio wetland monitoring program; edge-of-field monitoring;

stormwater monitoring

Track Implementation
Agricultural BMPs, plan development, wetlands restored,
riparian preservations, etc.

Figure47. Monitoring activities at the base of the pyramid drive environmental responses monitored at the higher
levels.

Starting at the base of the pyramid implementation measures are tracked. At this most fundamental level we can
determine if programs are resulting in changes tothe landscape. This level of monitoringincluded tracking
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management practices, like agricultural BMPs and natural infrastructure projects, and tracking planning activities
like 9-element NPS-IS.

Moving up the pyramid, data s collected to monitor intermediate indicators that managementpractices are having
real impacts on the landscape, this includes aggregated soil test phosphorus data (extent oflegacy phosphorus),

monitoring the inputs of agricultural fertilizers (commerecial fertilizerand manure), crop production (crop removal
of nutrients), monitoring data from point sources, and measures of watershed hydrology.

The nextlevel up includes direct measures of water quality at the field or project scale. Here BMPs are monitored
to ensure they are having the desired real-worldimpacts. Edge-of-field data for agricultural fields are collected
largely by USDA-ARS researchers in the watershed through partnerships with many implementingagencies and
private organizations. Implementing agencies haveincluded monitoring components for natural infrastructure
projects, including the H20hio wetland monitoring program. Stormwater monitoring has been facilitatedin Ohio
through NPDES permits, research priorities, and partnerships betweenplanning agenciesand communities. Where
practice evaluations have focused on total phosphorus, ongoing research has emphasized understanding practice
efficacy for DRP management. Ensuring thesedata are collected providesa basis for adapting to practices that
ensure DRP managementimproves moving forward.

Then we move to load monitoring in streams throughout the watershed. These gaging stations are tiered starting
with sentinel watersheds representing thevaried characteristics throughout the watershed, then HUC-8 scale
gagesrepresenting subregions in the watershed, and culminating near the watershed mouth where chemistry and
hydrology have been paired for >40 years, to show long-term loading trends at the basin scale. Monitoring
locations are detailed in Section 2 of thisreport.

Monitoring data within Lake Erie are measures of ultimate success. Data collected includes algal toxins at drinking
water intakes and satellite monitoring for the extent and duration of HABs. This data is collected by communities

using Lake Erie as a public water supply and through the National Oceanicand Atmospheric Administration
(NOAA) to capture routine satellite imagery of Lake Erie.

5.5. Evaluate Progress

Monitoring data isimportant, but to make use of the data it requires additional effort to turnitinto information.
Metrics allow for an objective measure that can be used to evaluate success or lead to change. Figure 48 identifies
potential metrics that are associated with the with the same monitoringlevels identifiedin the previous sub-
section.

Again, starting with the base ofthe pyramid metrics are identified that trackimplementation actions. There are
existing structures todothisincluding tracking nearfield TMDLs and nine element plans by Ohio EPA, Ohio
Agricultural Conservation Initiative metrics for agricultural BMPs, and NRCS-CEAP assessments.

Moving up a level, ways to summarize intermediateindicators are considered. Here summarizing trends in soil test

phosphorus and trends in the agricultural phosphorus mass balance can serve as metrics for tracking these
intermediateindicators.

Edge-of-field and project scale monitoring data are used to evaluateagricultural practices by the research
community. The outcomes of the studies will be evaluated more so than identifying independent metrics.
Currently, there are many active projects whereresults are expected in the next 2-5 years, including: H20hio’s
wetland study, the Army Corps P-optimal wetland study, a paired watershed projecttesting BMP efficacy in two
small tributaries (Potato and Shallow Run), ongoing SWAT model evaluations ofimplementation scenarios, a
legacy phosphorus project, and more.
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Evaluate

Progress

Water Quality Gages
Nutrient Mass Balance Study, trend analysis, flow weighted mean concentrations

Research
H20hio wetland study, Army Corps P-optimal wetland, paired watershed project,
ongoing SWAT model evaluations of implementation scenarios, legacy P project
etc.

: ~Intermediate Indicators -
Soil test phosphorus region: s, agricultural phosphorus

Track Implementation
Ohio Agriculture Conservation Initiative (OACI) metrics, nine element
NPS-IS development, NRCS — CEAP assessments, etc.

Figure 48. Metrics turn monitoring data intoinformationthat can be used to evaluate progress and adjust the strategy
where needed.

Tributaryload monitoring data can be summarized using FWMCs, trends analysis tools, and are routinely used for
Ohio’s Nutrient Mass Balance Study and by Annex 4 workgroups.

Lake Erie datais summarized by NOAA using the bloom severity index and throughmetrics developedin Ohio’s
integrated report. The integrated report metrics will determine ultimate success for this TMDL when Lake Erie
impairments are delisted.

5.6. Adjust the Strategy

To complete the adaptive management circle, information needs tobe used to adjust the strategy ifnecessary.
Figure 49 shows when, why and how adjustmentswould occur.

Adjustments can occur at any time as implementation programs develop.Individual programs get feedback on
program effectiveness and work on program specific planning frames. Improving implementation is intrinsic to
that process and while the TMDL provides useful information to the program, it does not change how
implementing agencies operate. TMDL focused implementation evaluations are proposed to occur every 2 years to
compliment evaluations made in Ohio EPA’s integratedreport. These evaluations will shareupdates on metrics as
databecomesavailable, updates from researchthat hasbeen published, and updates to programs that have
occurred in the preceding years. The reports will also provide an opportunity to update milestones and generally
reporton progress.

The goal of adaptive managementis toaccelerate programs thatdo work, while looking for ways to improve or
move away from ones thatare nothavingthe intended response. Therefore, changes in implementation actions
could be driven by a metricthat shows a program is not having a desired outcome or a metric could show thata

practice is showing positive outcomes. State agencies might alsoadapt to policy changes thatrequireadditional
implementation.
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Figure 49. Adjustments made for adaptive management can occur at different times, for different reasons and in
different ways as implementation move forward.

Notall adaptations tothe implementation strategy happen the same way. Conservation programs evolving is ‘part
of the plan’; these donot require special considerations toimprove programs. New research findings or updated
analysis of monitoring results might affect the assumptions made to develop the TMDL, which would require
additional stakeholder outreach by Ohio EPA. For example, ifa change is proposed that affects the technology
considered for compliance with NPDES permitlimits.[fnew information suggests changes to the allocations or

reasonable assurances,additional federalreview and approvalmay be necessary. For example, if Annex 4 identifies
different targets, the TMDL process would have tobe revisited in whole, including federal reviewand approval.

6. Reasonable Assurances

When U.S. EPA approvesa TMDL that allocates pollutantloads toboth point and nonpoint sources, it determines
whetherthereisreasonableassurancethatthe LAswill be achievedand WQS will be attained.EPA does that tobe
sure thatthe WLAs and LAs established in the TMDL are not based on overly generous assumptions regardingthe
amount of nonpoint source pollutant reductions thatwill occur. This is necessary because the WLAs for point
sources are determined, in part, on the basis of the expected contributions tobe made by nonpoint sources to the
total pollutant reductions necessary toachieve WQS. Ifthe reductions embodied in LAs are not fully achieved
because of a failure to fullyimplement needed nonpoint source pollution controls, or that the reduction potential of
the proposed BMPs was overestimated, the collective reductions from all sources will not result in attainment of
WQS. As a result, EPA evaluates whethera TMDL provides reasonable assurance that nonpoint source controls will
achieve expected load reductions.

Additional details on reasonableassurances will be part of the draft Maumee Watershed Nutrient TMDL report.
Ohio EPA will detail actions that have been taken in the past, are currently underway and future actions on the
federal, state, and local level todemonstrate reasonable assurance. Past and current activities have been included
in the 2022 Integrated Monitoring and Assessment Report, DAP 2020, and Module 3 of the Maumee Watershed
Nutrient TMDL outreach videos. Future activities will include ongoing implementation of these programs and
changes made as part of the adaptive implementation strategy discussed in Section 5 of this report.
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