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1 INTRODUCTION 

Grassy Creek is a tributary of the lower Maumee River in the greater Toledo area of northwest Ohio. “Grassy Creek runs 

parallel along the south side of the Maumee River beginning in Perrysburg and flows toward Rossford where it joins the 

mainstem Maumee River at river mile (RM) 9.6” (Ohio Environmental Protection Agency [Ohio EPA] 2011, p. 4). The 

Grassy Creek watershed assessment unit (WAU), which is hydrologic unit code (HUC) 04100009 09 02, is 13.7 square 

miles. The Grassy Creek WAU is in the Lower Maumee subbasin (HUC 04100009) and the Western Basin of Lake Erie. 

Upper Grassy Creek was historically re-routed to discharge directly to the lower Maumee River and is now part of the 

Grassy Creek Diversion WAU (HUC 04100009 09 01). 

The Grassy Creek WAU is within the 

Maumee Area of Concern (Maumee AOC; 

Figure 1) that was established as part of the 

Great Lakes Water Quality Agreement 

(GLWQA) between the United States and 

Canada. The Agreement seeks to restore 

and protect waters of the Great Lakes and 

provides a framework for identifying priorities 

and implementing actions that improve 

environmental quality in designated areas of 

concern. In 1987, the Agreement designated 

43 AOCs across the Great Lakes basin, 

including the Maumee AOC that drains to 

Lake Erie in Ohio. Ten beneficial use 

impairments (BUIs) were identified for the 

Maumee AOC. 

State and federal nonpoint source (NPS) 

funding is now closely tied to strategic 

implementation-based planning that meets 

the U.S. Environmental Protection Agency’s 

(U.S. EPA) nine minimum elements of a 

watershed plan for impaired waters. This 

nonpoint source implementation strategy 

(NPS-IS) plan was authored by Tetra Tech, 

Inc., under contract with Ohio EPA. The 

Grassy Creek NPS-IS plan is one of 20 

NPS-IS plans being developed by Tetra 

Tech, the Mannik & Smith Group, and 

several other organizations for WAUs 

throughout the Maumee AOC. These 20 NPS-IS plans are being

beneficial use impairment (BUI) of the Maumee AOC1.  

1 In 2016, the Maumee AOC Advisory Committee proposed a management actio

restore and protect fish and wildlife habitat. U.S. EPA’s Great Lakes National Pr

plans. Ohio EPA is providing funding to several organizations to develop the NP

F

 developed to address the loss of fish and wildlife habitat

n to develop nine element watershed plans that will identify projects to 

ogram Office awarded funding to Ohio EPA to develop these 20 NPS-IS 

S-IS plans.  

igure 1. Maumee AOC in northwest Ohio. 
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1.1 REPORT BACKGROUND 

This document is the first of its kind to address the loss of fish and wildlife habitat BUI in the Grassy Creek WAU, located 

south of the Maumee River. No watershed action plan was previously developed for this watershed. A total maximum 

daily load report for the Maumee River (lower) tributaries and Lake Erie tributaries, which include the Grassy Creek WAU, 

was developed in 2012 by Ohio EPA. This document builds upon and references information from that report and others. 

With a focus on the loss of fish and wildlife habitat BUI, this NPS-IS plan was developed to guide local partners with 

addressing NPS issues in the Grassy Creek WAU. This plan does not address point source issues, including both 

permitted point sources and illicit discharges. Ohio EPA regulates point sources and illicit discharges. Other programs will 

create plans or lists to address other impairments that in an effort to restore the area to fishable, swimmable and drinkable 

waters that meet water quality standards. Community partners expect to create NPS-IS plans for all the impaired waters in 

the Maumee AOC. 

1.2 WATERSHED PROFILE AND HISTORY 

The Grassy Creek WAU is in northwest Ohio in Wood County, south of the Maumee River, largely contained within the 

city and township of Perrysburg. The creek generally flows northeast and parallel to the Maumee River through developed 

area prior to discharging to the Maumee River at Grassy Island. Several agricultural ditches make up the headwaters of 

Grassy Creek to the south. Upper Grassy Creek was previously re-routed to discharge directly to the lower Maumee River 

and is now its own WAU, the Grassy Creek Diversion WAU. 

Portions of four municipal jurisdictions in Wood County are within the Grassy Creek WAU (Table 1). Much of the 

watershed is within regulated municipal separate storm sewer systems (MS4s).2 The cities of Perrysburg and Rossford 

are sewered, while the unincorporated areas of Perrysburg Township are mostly served by home sewage treatment 

systems. No facilities in the watershed are covered by an individual permit to discharge to surface waters. The city of 

Perrysburg is a combined sewer system; however, the city’s four combined sewer overflow outfalls discharge to the lower 

Maumee River. No concentrated animal feeding operations or biosolids application fields are in the watershed. 

Table 1. Municipal jurisdictions 

Municipality Area (acres) Relative area within WAU 

city of Northwood 66 <1% 

Perrysburg Township 2,406 27% 

city of Perrysburg 2,229 25% 

city of Rossford 1,309 15% 

Note: Areas are rounded to the nearest acre and percentage point. 

2 The cities of Northwood (2GQ00002), Perrysburg (2GQ00018), and Rossford (2GQ00017) are Phase II MS4s. Perrysburg Township is a co-permittee 

with the Wood County and Others Small MS4 (2GQ00028), which is also a Phase II MS4. The Ohio Department of Transportation (4GQ00000) and 

Ohio Turnpike Commission (3GQ00022) are non-traditional Phase II MS4s. 
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1.3 PUBLIC PARTICIPATION AND INVOLVEMENT 

When developing watershed planning and restoration plans such as this NPS-IS plan, it is important to have involvement 

and input from a diverse group of individuals and organizations. This group should include members of the public, private 

businesses and organizations, academia, governmental agencies, non-profits, and community organizations. Many 

partners have been working in the Grassy Creek watershed and the greater Maumee AOC to improve water quality and 

increase ecological restoration. These partners focus on a diverse set of interests, from access to green space to 

reducing nutrient loading in Lake Erie. 

Some of the key partners working in the Grassy Creek watershed include: the cities of Perrysburg and Rossford, Wood 

County, the Penta Career Center, the Toledo Metropolitan Area Council of Governments (TMACOG), and Partners for 

Clean Streams.  

Representatives from Tetra Tech and the Mannik & Smith Group held a 

public and stakeholder meeting3 on April 24, 2018 to discuss NPS-IS 

plans for seven watersheds in the Maumee AOC, including Berger Ditch 

(Figure 2). The purpose of this meeting was to introduce the NPS-IS 

project and discuss critical areas and potential projects in the watershed. 

Then on April 25, 2018, Tetra Tech and the Mannik & Smith Group 

presented a brief overview of the NPS-IS project to the TMACOG 

Watershed Committee at their quarterly meeting4. The TMACOG 

Watershed Committee is made up of a diverse group of stakeholders 

from municipal and state entities, non-profits, and private firms 

concerned with improving water quality in the region and Lake Erie. The 

purpose of the presentation was to solicit feedback on critical areas and 

project ideas for the NPS-IS plans being authored by Tetra Tech and 

MSG, including the Grassy Creek WAU.  

In addition, on June 5, 2018 representatives of Tetra Tech met at 

Rossford City Hall with representatives from the Wood County 

Engineer’s Office, the cities of Perrysburg and Rossford, and Penta 

Career Center to refine and discuss critical areas and potential projects 

within the watershed that resulted from the April meetings. 

This report was primarily authored by Tetra Tech and references 

numerous existing reports and plans. Chapters 1 and 2 were written 

using information from the technical support document (TSD) for the 

Portage River watershed and adjacent tributaries (Ohio EPA 2011), and 

the total maximum daily load (TMDL) report for the tributaries of the 

lower Maumee River and Lake Erie (Ohio EPA 2012) Critical areas were 

delineated by Tetra Tech with input and with feedback from Ohio EPA 

and the various stakeholder meetings described previously. Project 

information in Chapter 4 was obtained by Tetra Tech from identified projects

representatives.  

3 The public stakeholder meeting was attended by representatives of Black Swamp Conservanc

Conservation District. 
4 The TMACOG Watershed Committee meeting was attended by representatives of state agenc

County, TMACOG, city of Toledo, and Toledo Metroparks), non-profit organizations (Partners

Consultants, Davey Resources Group, and the Mannik & Smith Group), and members of the

F
igure 2. Photographs from the April 24, 2018 
 leads, including Belmont County Club 

y, the city of Toledo, and Wood County Soil and Water 

ies (ODNR and Ohio EPA), local agencies (Lucas 

 for Clean Streams), private firms (Civil & Environmental 

 public.

stakeholder meeting. 
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2 WATERSHED CHARACTERIZATION AND ASSESSMENT SUMMARY 

2.1 SUMMARY OF WATERSHED CHARACTERIZATION 

The Grassy Creek WAU transitions from rural, agricultural watershed in its southern-most portion to an urban, developed 

watershed along its lower segments and as it discharges into the Maumee River. Upper Grassy Creek was re-routed to 

discharge directly to the lower Maumee River and is now its own WAU, the Grassy Creek Diversion WAU, which is a rural, 

agricultural watershed. Streams throughout the Grassy Creek watershed have been straightened and channelized, 

typically to support agricultural operations or stormwater management (Figure 3). Lower Grassy Creek is lacustrine from 

the mouth up to river mile 1.01 (Ohio EPA 2016, p. 80). This section summarizes the watershed characterization and 

assessment of the Grassy Creek WAU and is primarily based upon information presented in two published reports: 

 Biological and Water Quality Study of the Portage River Basin, Select Lake Erie Tributaries, and Select Maumee 

River Tributaries, 2006-2008 (Ohio EPA 2011) 

 Total Maximum Daily Loads for the Maumee River (lower) Tributaries and Lake Erie Tributaries Watershed (Ohio 

EPA 2012) 

Figure 3. Grassy Creek culverts and stormwater pipe under Elm Street. 

2.1.1 Physical and Natural Features 

The Grassy Creek WAU is within the Huron/Erie Lake Plain which is “a broad, fertile, nearly flat plain punctuated by relict 

sand dunes, beach ridges, and end moraines” (Woods et al. 2014; level III ecoregion #57) and is composed of the 

Maumee Lake Plain (#57a) level IV ecoregion. The Maumee Lake Plain ecoregion physiography is described as follows 

(Ohio EPA p. 19 2012): 
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Nearly level to depressional glacial lake plain with paleobeach ridges, limestone ridges, and end moraines. 

Sluggish, low gradient streams, many with high loads of suspended clay. Channelized streams and ditches with 

clayey channels are common 

The lower Maumee River and lower Grassy Creek are 

affected by Lake Erie seiches. Ohio EPA (2016, p. 80) 

estimates the upstream lacustrine boundary to be at 

river mile 1.6. 

The hydrography, geology, soils, climate, and 
hydrology of the Grassy Creek WAU are characterized 
in the TMDL report (Ohio EPA 2012). Watershed 
characterization information is also provided in the 
regional 208 plan prepared by the Toledo Metropolitan 
Area Council of Governments: TMACOG Areawide 
Water Quality Management Plan (TMACOG 2017).  

2.1.2 Land Use and Protection 

Land use in the Grassy Creek WAU was described generally in the TMDL report (Ohio EPA 2012, p. 71): 

The developed portion of the subwatershed is dominated by dense residential developments in Perrysburg. 

Commercial and industrial properties are throughout the subwatershed with more industrial properties in the lower 

one-fourth of the subwatershed. The Ohio Turnpike (I-80/90) and I-75 run through the subwatershed, and four 

major interchanges are along those interstates. Row crop fields are also between I-75 and dense industrial 

properties along the Cedar Creek watershed. 

The Grassy Creek WAU is predominantly developed (69 percent; Table 2 and Figure 4). Land use in the northern portion 

of the watershed is predominantly developed with single family homes, while the southern portion is mostly crop field with 

rural residences. The Grassy Creek WAU is 24 percent impervious and 10 percent canopy cover. 

Table 2. Land cover in the Grassy Creek WAU 

Land cover Area (acres) Area (%) 

Open water 49 1% 

Developed, open 1,757 20% 

Developed, low intensity 2,765 32% 

Developed, medium intensity 1,036 12% 

Developed, high intensity 394 5% 

Barren land 37 <1% 

Deciduous forest 189 2% 

Evergreen forest 3 <1% 

Grassland / herbaceous 119 <1% 

Pasture/hay 28 27% 

Cultivated crops 2,320 <1% 

Woody wetlands 16 <1% 

Emergent herbaceous wetlands 30 <1% 

Total 8,743 100% 

Source of spatial data: Homer et al. 2015. 

Notes 

Areas were rounded to the nearest acre or percentage point. The Totals do not sum exactly due to rounding. 

Mixed forest and shrub/scrub are not present.t

What is a seiche?

A seiche is a standing wave oscillating in a body 
of water. 

Seiches are typically caused when strong winds 
and rapid changes in atmospheric pressure push 
water from one end of a body of water to the 
other. When the wind stops, the water rebounds 
to the other side of the enclosed area. The water 
then continues to oscillate back and forth for 
hours or even days. 

(National Oceanic and Atmospheric Administration 2017) 
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Figure 4. Land cover in Grassy Creek WAU.
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2.2 SUMMARY OF BIOLOGICAL TRENDS 

Attainment was evaluated at two assessment sites in the Grassy Creek WAU. Site P11Q07 is in full attainment of its 

designated aquatic life use (ALU) of warmwater habitat (WWH)5 in the Huron-Erie Lake Plains ecoregion (Table 3); this 

site has been historically sampled6. Site 303792 is in non-attainment; this site is lacustrine7 and is in Huron-Erie Lake 

Plains ecoregion. Ohio EPA (2011) previously collected biological and habitat data for the Grassy Creek WAU in 2006 as 

part of a comprehensive assessment of the Portage River, Lake Erie tributaries, and lower Maumee River tributaries 

watersheds.  

The Index of Biotic Integrity (IBI) scores marginally attained the biological criteria. Grassy Creek is too small to evaluate 

the Modified Index of well-being (MIwb). The Invertebrate Community Index (ICI) score at riverine site P11Q07 marginally 

attained the biological criteria, while lacustrine site 303792 was well below the threshold. The Qualitative Habitat 

Evaluation Index (QHEI) score met targets in 2006 at site P11Q07 but did not in 2017 for either site8. 

Table 3. Overall biological indices scores for the Grassy Creek WAU 

RM (DA) ALU Year IBI MIwb ICI Status QHEI  Site 

3.85 (8.4) H WWH 2006 24ns n/a Fair Partial 59.5 P11Q07 

2017 24ns n/a MGns Full a 53.0 

0.35 (14.7) B WWH, L 2017 42 n/a 14 NON a 54.0 303792 

Source: Ohio EPA 2011. Data collected in 2006. 

Notes 

ALU = aquatic life use; B = boat; DA = drainage area in square miles; H = headwaters; IBI = Index of Biotic Integrity; ICI = Invertebrate Community 

Index; L = lacustuary; MG = marginally good; MIwb = Modified Index of well-being; n/a = not applicable; ns = nonsignificant departure; QHEI = 

Qualitative Habitat Evaluation Index; RM = river mile; WWH = warmwater habitat. 

Values in red do not meet their biological criteria or targets; values in green meet their biological criteria or targets. 

a. ALU attainment status is estimated by Tetra Tech. Ohio EPA has not officially determined use attainment. 

5 Biological criteria for WWH streams in the Huron-Erie Lake Plains ecoregion are: IBI score of 28 (headwaters) and ICI score of 30.  
6 Fish data were collected at two additional sites along Grassy Creek in 1993; these data are considered historic. 
7 Biological thresholds for lacustrine WWH streams are: L-IBI score of 42 and L-ICI score of 34. 

8 The QHEI target for WWH streams is a score of 55 (headwaters) and the L-QHEI target for WWH lacustuaries is also a score of 55. 



Grassy Creek NPS-IS Draft

14 

Figure 5. ALU attainment in the Grassy Creek WAU. 
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2.2.1 Fish Community Health 

Fish community health marginally met the IBI criterion at site P11Q07 in both 2006 and 2017. Ohio EPA (2011, p. 116) 

concluded that the urbanized landscape of the lower Maumee River tributaries (including Grassy Creek) led to excessive 

sedimentation and siltation that impaired fish communities. In 2017, the catch was composed of high levels of tolerant 

species (65 percent), omnivores (40 percent), and pioneers (71 percent) that score poorly in the headwaters IBI (i.e., 

indicates impaired fish community health). 

No deformities, [fin] erosion, lesions, or tumors (DELT anomalies) were identified at site P11Q07 in 2006 and 2017. 

However, at site 303792 in the lacustuary, DELT anomalies were observed (1.05 percent in the July 11, 2017 pass and 

0.57 percent in the September 19, 2017 pass). 

2.2.2 Macroinvertebrate Community Health 

In 2006, macroinvertebrate community health did not attain the biological criterion at site P11Q07. The fair score was the 

result of low Ephemeroptera, Plecoptera, and Trichoptera diversity, very low sensitive taxa diversity, and the 

“predominance of primarily facultative taxa” (Ohio EPA 2011, p. 135). The score at site P11Q07 increased from fair in 

2006 to marginally good in 2017, which is nonsignificant departure from the biological criterion. 

Macroinvertebrate sampling at lacustrine site 303792 yielded an ICI score of 14, which is poor.  

2.2.3 Fish Habitat 

The 2006 QHEI score at site P11Q07 indicated several WWH attributes (Table 4). Habitat quality was discussed in the 

TMDL report (Ohio EPA 2012, p. 94) as follows:  

Its substrate had moderate levels of siltation and embeddedness and its riffle/run substrate was unstable and 

extensive embedded. [...] The creek channel had moderate sinuosity and fair development. Channelization was 

not observed when the QHEI was assessed. Channelized streams are evident in the 2010 aerial imagery to the 

southeast of the I-75 and I-475 interchange in Perrysburg, OH. For example, a stream is channelized into a 

roadside ditch along Schelder Road (Township Road 299). 

While 2017 QHEI scores are available for both sites P11Q07 and 303792, attribute data are not yet available; thus, the 

recent scores cannot be evaluated. 
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Table 4. QHEI matrix with WWH and modified warmwater habitat attributes 
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Source: Ohio EPA 2011. Data collected in 2006. 

Notes 

MWH = modified warmwater habitat; QHEI = Qualitative Habitat Evaluation Index; RM = river mile; WWH = warmwater habitat. 

Value in green meet its target.  
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2.3 SUMMARY OF POLLUTION CAUSES AND ASSOCIATED SOURCES 

Ohio EPA (2011) identified the causes and sources of impairment to Grassy Creek (site P11Q07) as siltation (cause) 

derived from channelization and urban runoff/storm sewers (sources). Sites P11Q07 and 303792 were sampled in 2017 

but Ohio EPA has not determined attainment or evaluated causes and sources of impairment. Site P11Q07 is also 

impaired for recreational use by bacteria (cause) derived from HSTS and urban runoff (sources; Ohio EPA 2011). This 

NPS-IS plan does not address recreational use impairments. 

A total suspended solids (TSS) TMDL was developed at site P11Q07 (RM 0.98) to address siltation caused by NPS. Load 

duration curve analysis showed that observed TSS loads were likely derived from land cover runoff (Ohio EPA 2012, p. 

95). TSS wasteload allocations were assigned to six MS4s9.  

While Ohio EPA (2011) specifically identified channelization and urban stormwater as the cause and sources of 
impairment in this WAU, urban development in general throughout much of the Grassy Creek WAU (notably dense 

residential development directly abutting the streams) contributes to the degradation of fish and macroinvertebrate 
community health. Urban development that results in increases in impervious cover and storm sewers typically degrades 
aquatic biological communities and directly affects habitat (Schueler 2004; Capiella et al. 2005; Shaver et al 2007; 

Cuffney et al. 2010). To briefly summarize (Shaver et al 2007, p. 4-98): 

[O]verall, there tends to be a decline in taxa richness or species diversity, a loss of sensitive species, and an 
increase in tolerant species […] due mainly to the cumulative impacts of watershed urbanization: altered 

hydrologic and sediment transport regimes, degradation of in-stream habitat quality and complexity, stream bed 
fine sediment deposition, poor water quality, and the loss of native riparian vegetation. 

Areas without floodplain connectivity and with straightened channels or culverted segments such as the Grassy Creek 

WAU can result in very flashy flows (i.e., higher peak flows and volumes) from an increase urban development. For a 
general review of the impacts of urbanization and references to additional resources, see the CADDIS Urbanization 
Module (U.S. EPA 2017a) and The Importance of Imperviousness (Schueler 1994). The flashy flows associated with 

urban stormwater result in the following stressors on biological communities: 

 Degraded habitat and siltation 

 High stream flow velocities 

 Erosion, channel scour, and bank failure  

 Increased temperatures or rapid temperature flux 

 Reduction in base flow 

 Poor water quality 

Lastly, Grassy Creek WAU is located in the Lower Maumee subbasin (HUC 04100009) which has been identified as a 
priority watershed for implementation of Ohio EPA’s Nutrient Reduction Strategy because “[c]onditions found …have been 

linked with loadings from the Maumee and Sandusky watersheds, and is largely attributable to agricultural land use” (Ohio 
EPA 2013 p. 9).  

Projects and implementation strategies of this NPS-IS plan should address nutrient loading from agricultural land uses 
and urban development (that results in increased impervious cover and installation of more storm sewers) in addition to 

the Ohio EPA identified causes and source of channelization and urban stormwater. Specific site conditions and projects 
for critical areas within the Grassy Creek WAU are provided in Sections 3 and 4. 

9 The cities of Norwood (2GQ00002), Perrysburg (2GQ00018), and Rossford (2GQ00017); Perrysburg Township as a co-permittee with the Wood 

County and Others Small MS4 (2GQ00028); the Ohio Department of Transportation (4GQ00000); and Ohio Turnpike Commission (3GQ00022). 
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2.4 ADDITIONAL INFORMATION  

2.4.1 Ditch Maintenance 

Streams throughout the Grassy Creek WAU have 
been straightened and channelized, especially in the 

southern portion of the WAU. These straightened 
streams are typically maintained as open stormwater 

conveyances (i.e., ditches). Maintenance of these 
ditches often includes widening and deepening the 

channel to alleviate flooding and associated risks. In 
addition, sediment dipping is common for agricultural 
drainage ditches throughout northwest Ohio.  

Stormwater BMP and habitat restoration opportunities 

can be limited by ditch maintenance and high levels of 

development throughout the WAU. When 

opportunities for stormwater BMPs and habitat 

restoration are identified during the conceptual 

planning phase, ditch maintenance should be 

considered along with the available space on each 

bank (due to residential and other development). For 

example, the Oak Meadow Dr. ditch flows north 

through a series of subdivisions and abuts private 

property on both banks (Figure 6). 

2.4.2 Annex 4 of the Great Lakes Water Quality Ag

Load reduction goals presented in this NPS-IS plan are based upon the ac

reductions in total phosphorus (TP) and soluble reactive phosphorus (SRP

Maumee River at Waterville (6,330 square miles) based upon 40 percent r

(GLWQA 2015; Ohio Lake Erie Commission 2018; U.S. EPA 2017b).  

Table 5. Annex 4 loads 

Phosphorus Baseline load  

(MT) 

Annual TP  3,812 

Spring TP 1,414 

Spring SRP 302 

Sources: GLWQA 2015, Ohio Lake Erie Commission 2018, U.S. EPA 2017b. 

The unit area loads for the Maumee River basin are 2.07 pounds per acre 

0.164 lb/ac spring SRP. 

F

reement 

hievement of the Annex 4 goal of 40 percent 

) loading (Table 5). Load goals were set for the 

eductions from the 2008 baseline year 

Goal load  

(MT) 

2,287 

860 

186 

(lb/ac) of annual TP, 0.769 lb/ac spring TP, and 

igure 6. Oak Meadow Dr. Ditch. 
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3 CONDITIONS & RESTORATION STRATEGIES FOR THE GRASSY CREEK 
CRITICAL AREAS 

3.1 OVERVIEW OF CRITICAL AREAS 

Sampling locations along Grassy Creek are not in full attainment of the designated ALUs: 

 Full attainment: Riverine site P11Q07 is in full attainment of WWH biological criteria for the Huron-Erie Lake 
Plain ecoregion. The site is considered ‘threatened’ because the IBI and ICI scores were in nonsignificant 
departure from biological criteria and the QHEI score is just below the target. 

 Partial attainment: No sites are in partial attainment. 

 Non-attainment: Lacustrine site 303792 sites is in non-attainment of WWH thresholds due to a poor L-ICI score. 

Three critical areas have been identified to address the NPS issues that are believed to be causing the impairments 

(Figure 7). 
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Figure 7. Critical areas in the Grassy Creek WAU.
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3.2 CRITICAL AREA #1: CONDITIONS, GOALS, & OBJECTIVES 

3.2.1 Detailed Characterization 

P11Q07 Subwatershed (Critical Area #1) is an approximately 1,123-acre area comprised of parcels containing relatively 

open space and are adjacent to Grassy Creek near the impaired site P11Q07 (Figure 8). Critical Area #1 is predominantly 

comprised of land owned by Penta Career Center, a public vocational high school with adult education, at the corner of 

Buck Road and Bates Road and the Belmont Country Club (a golf course) in the city of Rossford. The subwatershed was 

delineated using the U.S. Geological Survey’s SteamStats and expanded based on analysis of ditches using aerial 

images.  

Grassy Creek within this critical area is a designated WWH headwaters stream. The predominant land covers in this 

critical area from the 2011 National Land Cover Database are developed open space (44 percent) and low intensity 

developed land (40 percent; Table 6). The Penta Career Center property includes row crop land that is leased to a local 

farmer; this land appears as developed open space in the 2011 National Land Cover Database, instead of as cultivated 

crops. This critical area is 24 percent impervious cover and 17 percent canopy cover. 

Table 6. Land Cover – Critical Area #1

Land cover Area (acres) Area (%) 

Open water 5 <1% 

Developed, open 496 44% 

Developed, low intensity 451 40% 

Developed, medium intensity 94 8% 

Developed, high intensity 26 2% 

Deciduous forest 38 3% 

Grassland / herbaceous 11 1% 

Woody wetlands 2 <1% 

Total a 1,123 100% 

Source of spatial data: Homer et al. 2015. 

Notes 

Areas were rounded to the nearest acre or percentage point. The Totals do not sum exactly due to rounding. 

Barren land, evergreen forest, mixed forest, shrub/scrub, pasture/hay, cultivated crops, and woody wetlands are not present in the Grassy Creek WAU. 
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Figure 8. P11Q07 Subwatershed (Critical area #1). 
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3.2.2 Detailed Biological Condition 

Ohio EPA evaluated fish and macroinvertebrate community health at site P11Q07 (RM 3.85) using data collected in 2006 

and 2017 (refer to Section 0 for a summary of fish community health and to Section 2.2.2 for a summary of 

macroinvertebrate community health).  

At site P11Q07, the IBI score remained at 24 in 2006 and 2017, which may indicate stable, though marginally attaining, 

fish community health. In 2017, half of the catch was composed of bluntnose minnows and creek chub (Table 7). No 

DELT anomalies were observed. Many tolerant species, omnivores, and pioneer species were captured.  

Table 7. Fish community health and habitat data – Critical Area #1

RM DA Year QHEI Total  

species 

IBI Predominant species 

(percent of catch) 

Narrative 

evaluation 

3.85 8.4 2008 59.5 11 24ns Creek chub (35%), bluntnose minnow (17%), 

common shiner (13%), central stoneroller (11%) 

Poor

2017 53.0 4 24ns Bluntnose minnow (35%), creek chub (21%), 

central stoneroller (10%), Johnny darter (10%) 

Poor

Source: Ohio EPA 2011 (2008 data), Ohio EPA 2018 (2017 data).

Notes 

DA = drainage area, in square miles; IBI = Index of Biotic Integrity; MIwb = Modified Index of well-being; ns = non-significant departure from biological 

criterion; QHEI = Qualitative Habitat Evaluation Index; RM = river mile. 

Green scores meet the IBI biological criteria or QHEI target. Red scores do not meet the IBI biological criteria or QHEI target 

Only qualitative macroinvertebrate sampling was performed at site P11Q07 in both 2008 and 2017. The total number of 

taxa and number of EPT taxa increased from 2008 to 2017, resulting in a slightly improved narrative score. 

Table 8. Macroinvertebrate community health data – Critical Area #1

RM Year ICI No. of taxa Predominant species 

Total EPT Cold 

3.85 2008 Fair 33 7 0 Midges, baetid mayflies, hydropsychid caddisflies 

2017 MGns 45 8 0 (2017 abundance data are not available) 

Source: Ohio EPA 2011 (2008 data), Ohio EPA 2018 (2017 data).

Notes 

Cold = coldwater species; EPT = Ephemeroptera, Plecoptera, and Trichoptera; ICI = Invertebrate Community Index; MG = marginally good; ns = 

nonsignificant departure; RM = river mile. 

Green scores meet the ICI biological criteria. Red scores do not meet the ICI biological criteria. 

3.2.3 Detailed Causes and Associated Sources 

Ohio EPA (2011) identified the causes of impairment to the ALU at site P11Q07 (RM 3.85) on Grassy Creek to be siltation 
derived from channelization and urban runoff/storm sewers (sources). In addition, in-stream habitat throughout the critical 
area is degraded by several symptoms of its urban/residential setting including: direct habitat alteration (from culvert and 
channelization) and flow alteration (stormwater flashiness). Loss of riparian habitat and tree cover has also occurred 
throughout the watershed, with some areas maintaining more than others (Figure 9).   

Sediment and phosphorus loads from this critical area are eventually discharged to Lake Erie. Such loads are infinitesimal 
compared with the loads contributed by the Maumee River. However, all such loads do contribute to the harmful algal 
blooms in the Western Basin of Lake Erie and to hypoxia in the Central Basin of Lake Erie. 
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Figure 9. Tree canopy cover (left) and limited riparian habitat (right) on Grassy Creek within the Belmont Country Club. 

3.2.4 Goals and Objectives for Critical Area #1 

As explained in detail above and by Ohio EPA (2011), Critical Area #1 is primarily impaired by to sedimentation/siltation 

due to channelization and urban runoff and storm sewers. Much of the area immediately adjacent to Grassy Creek has 

been developed and stormwater directed through a series of ditch systems that have replaced natural floodplains. 

Restoration of stream channel morphology, the riparian corridor, and in-stream habitat will be needed to improve aquatic 

community health in Critical Area #1. Critical Area #1 has been identified as an area of high nutrient use (e.g., fertilizers). 

An additional goal and objective has been set for Critical Area #1 to achieve Annex 4 recommendations (GLWQA 2015). 

3.2.4.1 Goals 

The overall nonpoint source restoration goals of any NPS-IS plan are twofold: (1) bring the waterbodies into full attainment 

of the designated ALU to meet Ohio’s WQS and (2) reduce phosphorus loads by 40 percent to meet Annex 4 

recommendations (GLWQA 2015) 10. These goals are specifically to: 

Goal 1.  Achieve an IBI score of 28 at site P11Q07 (RM 3.85) on Grassy Creek.

 Achieved: Site currently has a score of 24, which is nonsignificant departure. 

Goal 2.  Achieve an ICI11  score of 30 at site P11Q07 (RM 3.85) on Grassy Creek.

 Achieved: Site currently has a score of marginally good, which is nonsignificant 
departure. 

Goal 3.  Achieve a QHEI score of 55 at site P11Q07 (RM 3.85) on Grassy Creek.

 Not Achieved: Site currently has a score of 53. 

10 The objective of Annex 4 (i.e., the Nutrients Annex) of the GLWQA is to develop “load reduction strategies on Western Basin cyanobacteria blooms, 

Central Basin hypoxia, and Eastern Basin Cladophora” (GLWQA 2015, p. 1). Annex 4 used ensemble modeling and phosphorus loading data to 

select a phosphorus load target that would result in a mild bloom (or smaller), like the blooms that occurred in the years 2004 and 2012. 
11 If Grassy Creek is not suitable for placement of the in-stream modified Hester-Dendy substrate sampler, then Goal 2 is to achieve a narrative score of 

good.
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Goal 4. Achieve a 40 percent reduction in spring (March-July) and annual loads by reducing the annual 

TP load by 932 lbs., the spring TP load by 345 lbs., and the spring SRP load by 74 lbs.12

 Not Achieved: The annual TP load has not been reduced (0 lbs. of 932 lbs.). 

 Not Achieved: The spring TP load has not been reduced (0 lbs. of 345 lbs.). 

 Not Achieved: The spring SRP load has not been reduced (0 lbs. of 74 lbs.). 

3.2.4.2 Objectives 

To achieve the overall NPS restoration goal of full attainment and the goals of Annex 4, the following objectives need to 

be achieved within Critical Area #1: 

Objective 1 Improve stream channel morphology and implement riparian management strategies along 3,000 

lineal feet of Grassy Creek. 

 Restore Impaired Streams Altered Habitats (Ohio EPA 2013; Goal 2.01.01) 

 Restore and Protect Riparian Habitat (Ohio EPA 2013; Goal 2.03.01) 

 Restore Vernal Pools and Other Riparian Wetlands (Ohio EPA 2013; Goal 2.03.03) 

 Increase Native Shrub and Tree Plantings in Riparian Areas (Ohio EPA 2013; Goal 
2.03.04) 

Objective 2 Implement sediment- and nutrient-reduction strategies reduce and treat runoff from 225 acres13 of 

crop land or developed areas. 

Sediment- and nutrient-reduction strategies for cropland include the implementing 4R fertilizer 

practices14, planting cover crops, and using minimally invasive tillage practices 

 Encourage whole farm conservation planning (Ohio EPA 2013a, Goal 3.01.01) 

 Reduce erosion and nutrient- and sediment-loss to surface waters (Ohio EPA 2013a, Goal 

3.01.02) 

Sediment- and nutrient- reduction example strategies for developed areas include reduced 

fertilizer use, maintaining natural buffers along ditch segments, and street sweeping. 

 Increase Native Shrub and Tree Plantings in Riparian Areas (Ohio EPA 2013; Goal 2.03.04) 

 Reduce erosion and nutrient- and sediment-loss to surface waters (Ohio EPA 2013a, Goal 

3.01.02) 

As these objectives are implemented, water quality monitoring (both project-related and regularly scheduled monitoring) 

will be conducted to determine progress toward meeting the identified goals (i.e., water quality standards). These 

objectives will be reevaluated and modified, as necessary. When reevaluating, Ohio’s Nonpoint Source Management Plan 

Update (Ohio EPA 2013) will be referenced, which has a complete listing of all eligible NPS management strategies.

12 The load reduction is calculated as 40 percent of the estimated 2008 baseline load. The baseline loads were calculated by multiplying the area of 

P11Q07 Subwatershed (1,123 ac) by the unit area loads presented in Section 2.4.2 to yield an annual TP baseline load of 2,329 lbs, a spring TP 

baseline load of 864 lbs, and a spring SRP baseline load of 184 lbs. 
13 The P11Q07 Subwatershed contains about 1,123 acres. Assuming a 20 percent implementation rate results in 225 acres. 

14 Right source, Right rate, Right time, and Right place.
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3.3 CRITICAL AREA #2: CONDITIONS, GOALS, & OBJECTIVES 

3.3.1 Detailed Characterization 

Lower Grassy Creek (Critical Area #2) is 

approximately 49-acres in the Grassy Creek 

lacustuary near the confluence of Grassy 

Creek with the Maumee River. Critical area 

#2 is made up of two areas: publicly- and 

privately-owned parcels. Island View Park 

within the city of Rossford is located on the 

southern edge of the confluence and a city-

owned cemetery is to the north. The 

remainder of the critical area is comprised of 

privately-owned parcels (Figure 11). 

Downstream of Colony Road, the open 

waters of the critical area are navigable by 

small boat. Upstream of Colony Road, the 

lacustrine Grassy Creek is too narrow to 

navigate. 

The predominant land cover is open 

developed land, followed closely by emergent 

herbaceous wetlands and deciduous forests 

(Table 9). This lacustrine critical area has little imperv

The wetlands in Lower Grassy Creek contain invasive

grow up to 15 feet high and forms dense colonies. As

term management in the form of cutting and treatmen

Table 9. La

Land cover 

Open water 

Developed, open 

Developed, low intensity 

Developed, medium intensity 

Deciduous forest 

Emergent herbaceous wetlands 

Total a

Source of spatial data: Homer et al. 2015. 

Notes 

Areas were rounded to the nearest acre or percentage point. The T

High intensity developed, barren land, evergreen forest, mixed fore

wetlands are not presented in Critical Area #2. 
26 

ious cover (5 percent) and considerable canopy cover (52 percent). 

 Phragmites australis, or Phragmites (Figure 10). This plant can 

 such, management is difficult. The persistence plant requires long-

t with herbicides (ODNR 2018). 

nd Cover – Critical Area #2

Area (acres) Area (%) 

7 14% 

17 35% 

4 8% 

<1 1% 

9 18% 

12 24% 

49 100% 

otals do not sum exactly due to rounding. 

st, shrub/scrub, grassland/herbaceous, pasture/hay, cultivated crops, and woody 

Figure 10. Cluster of Phragmites looking from Island View Park. 
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Figure 11. Lower Grassy Creek (Critical Area #2).  
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3.3.2 Detailed Biological Condition 

Ohio EPA sampled fish in the Grassy Creek lacustuary for the first time in 2017. The agency has not published an 

evaluation of fish community health.  

Fish were collected during two passes in 2017: July 11th and September 13th. The passes yielded IBI scores of 46 and 38, 

respectively. Low levels of pioneer species were present in the catches (3 percent in the first pass and 2 percent in the 

second pass). DELT anomalies were observed in both passes (1.05 percent in the first pass and 0.57 percent in the 

second pass). The average IBI score meets the lacustuary threshold (Table 10). As the site drains only 14.7 square miles, 

the MIwb was not calculated. 

Table 10. Fish biological data – Critical Area #2 

RM DA L-

QHEI 

Total  

species 

L-

IBI 

Predominant species 

(percent of catch) 

Narrative 

evaluation 

0.35 14.7 54.0 23 42 Pass 1: Bluegill sunfish (20%), pumpkinseed sunfish 

(15%), spotted sucker (8%), yellow perch (7%), 

largemouth bass (6%) 

Pass 2: Gizzard shad (27%), goldfish (14%), yellow perch 

(13%), bluegill sunfish (10%), pumpkinseed 

sunfish (10%) 

Fair

Source: Ohio EPA 2018. Data collected in 2017.

Notes 

DA = drainage area, in square miles; L-IBI = Lacustrine Index of Biotic Integrity; MIwb = Modified Index of well-being; ns = non-significant departure from 

biological criterion; L-QHEI = Lacustrine Qualitative Habitat Evaluation Index; RM = river mile. 

Green scores meet the IBI biological criteria or QHEI target. Red scores do not meet the IBI biological criteria or QHEI target. 

Macroinvertebrates were collected via qualitative and quantitative sampling in 2017; various species of midges were the 

predominant taxa (Table 11). Of the 40 taxa collected during qualitative sampling, 25 are considered pollution-tolerant. 

Table 11. Macroinvertebrate community health data – Critical Area #2

RM L-ICI No. of taxa Predominant species 

Total EPT Cold 

0.35 14 50 4 0 Midges (90%) and freshwater snails (2%) a

Source: Ohio EPA 2018. Data collected in 2017.

Notes 

Cold = coldwater species; ICI = Lacustrine Invertebrate Community Index; EPT = qualitative Ephemeroptera, Plecoptera, and Trichoptera; LF = low-fair; 

RM = river mile. 

Green scores meet the ICI biological criteria. Red scores do not meet the ICI biological criteria. 

a. Glyptotendipes sp. (76%; midges), Dicrotendipes simpsoni (14% midges), and Physella sp. (2%, snails).

3.3.3 Detailed Causes and Associated Sources 

Ohio EPA has not yet determined the causes and sources of impairment at site 303792 (RM 0.35). As only biological and 

habitat index scores are available (i.e., metric and attribute data are not available), it is not possible to determine the 

causes and sources of impairment. 
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3.3.4 Goals and Objectives for Critical Area #2 

As explained in Section 2.2, Ohio EPA has not yet assessed the causes and sources of impairment at site 303792 (RM 

0.35). Ohio EPA will eventually evaluate the 2017 data and publish causes and sources in a future TSD. Because of this, 

the goals and objectives for this critical area are general. Upon determination of causes and sources of impairment, the 

goals and objectives can be updated accordingly. 

3.3.4.1 Goals 

The overall nonpoint source restoration goals of any NPS-IS plan are to improve IBI, MIwb, ICI, and QHEI scores such 

that a waterbody is brought into full attainment of the designated ALU. Non-attainment in this critical area is due to a poor 

L-ICI score. Additionally, the QHEI score is below the headwaters target of 55. Therefore, the goals for Critical Area #2 of 

the Grassy Creek watershed are to improve QHEI scores at site 303792 (RM 0.35) so that the site will improve from 

partial attainment to full attainment of the designated ALU. These goals are specifically to: 

Goal 1.  Achieve an IBI score of 42 at 303792 (RM 0.35) on Grassy Creek.

 Achieved: Site currently has a score of 42. 

Goal 2.  Achieve an ICI score of 30 at site 303792 (RM 0.35) on Grassy Creek.

 Not Achieved: Site currently has a score of 14. 

Goal 3.  Achieve a QHEI score of 55 at site P11Q070 (RM 3.85) on Grassy Creek.

 Not Achieved: Site currently has a score of 54. 

3.3.4.2 Objectives 

To achieve this goal, the following objective needs to be achieved within Critical Area #2: 

Objective 1. Incorporate in-stream habitat for fish and macroinvertebrates on length of Grassy Creek within 

the critical area (approximately 1 mile)15. Habitat additions include woody debris, boulders, and 

emergent vegetation.  

 Restore Impaired Streams Altered Habitats (Ohio EPA 2013; Goal 2.01.01) 

Objective 2.  Implement riparian management along 1,180 feet of shoreline16

 Restore and Protect Riparian Habitat (Ohio EPA 2013; Goal 2.03.01) 

 Increase Native Shrub and Tree Plantings in Riparian Areas (Ohio EPA 2013; Goal 
2.03.04) 

As these objectives are implemented, water quality monitoring (both project-related and regularly scheduled monitoring) 

will be conducted to determine progress toward meeting the identified goals (i.e., water quality standards). These 

objectives will be reevaluated and modified, as necessary. When reevaluating, Ohio’s Nonpoint Source Management Plan 

Update (Ohio EPA 2013) will be referenced, which has a complete listing of all eligible NPS management strategies.

15 Without known causes and sources of impairment, the entire length of the critical area was identified for this objective. This number can be altered 

after causes and sources are determined. 
16 Critical Areas #2 contains approximately 1,180 feet of publicly-owned Grassy Creek shoreline. Publicly -owned land is preferable for NPS 

management, however, without identified cause(s) and source(s) of impairment, all publicly-owned land is listed in the objective. This number can be 

altered after causes and sources are determined. 
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3.4 CRITICAL AREA #3: CONDITIONS, GOALS, & OBJECTIVES 

3.4.1 Detailed Characterization 

Oak Meadow Drive Ditch (Critical Area #3) comprises of approximately 703-acres of land within the Oak Meadow Drive 

subwatershed that flows north towards Grassy Creek (Figure 6). The critical area is composed of cropland to the south 

and residential/commercial land to the north. The subwatershed was delineated using aerial photography in the residential 

portion of the critical area and by a combination of aerial photography and selecting parcels less than 500 feet from the 

ditch in the cropland portion of the critical area.  

The predominant land covers in this critical area from the 2011 National Land Cover Database (Table 12) are cultivated 

crops (43 percent) and developed, low intensity (28 percent). This critical area is 23 percent impervious and has very little 

canopy cover (2 percent). 

Table 12. Land cover – Critical Area #3

Land cover Area (acres) Area (%) 

Developed, open 72 10% 

Developed, low intensity 193 27% 

Developed, medium intensity 95 14% 

Developed, high intensity 27 4% 

Barren land 7 1% 

Deciduous forest 1 <1% 

Grassland / herbaceous 8 1% 

Pasture/hay <1 <1% 

Cultivated crops 300 43% 

Total a 704 100% 

Source of spatial data: Homer et al. 2015. 

Notes 

Areas were rounded to the nearest acre or percentage point. The Totals do not sum exactly due to rounding. 

Open water, evergreen forest, mixed forest, shrub/scrub, woody wetland, and emergent herbaceous wetlands.

3.4.2 Detailed Biological Condition 

Ohio EPA has not collected biological or habitat data from the Oak Meadow Drive Ditch critical area. Monitoring site 

P11Q07 (Grassy Creek at Buck Road) is downstream of this critical area and may be representative of biological and 

habitat conditions in this critical area. Refer to Section 3.2.2 for a discussion of the data at site P11Q07 (RM 3.85). 
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Figure 12. Oak Meadow Drive Ditch (Critical Area #3).
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3.4.3 Detailed Causes and Associated Sources 

Ohio EPA has not determined attainment or identified causes and sources of impairment in this critical area. However, 
Ohio EPA (2011) determined the causes and sources of impairment at site P11 Q07, which was impaired by siltation from 
channelization and urban runoff/storm sewers. 

Like Critical Area #1, In-stream habitat throughout Critical Area #3 is degraded by several symptoms of its land use (urban 
residential, and cropland) including: direct habitat alteration (from culvert and channelization), nutrient loading from 
fertilizer application, and flow alteration (stormwater flashiness). Loss of riparian habitat is also evident, similarly to Critical 
Area #1, near residential lots and cultivated land along the Oak Meadow Drive Ditch.  

Sediment and phosphorus loads from this critical area are eventually discharged to Lake Erie. Such loads are infinitesimal 
compared with the loads contributed by the Maumee River. However, all such loads do contribute to the harmful algal 
blooms in the Western Basin of Lake Erie and to hypoxia in the Central Basin of Lake Erie. Upland nutrient management 
will be needed to reduce phosphorus loading to Grassy Creek, and eventually Lake Erie. 

3.4.4 Goals and Objectives for Critical Area #3 

As explained in detail above, in section 3.2.2 and by Ohio EPA (2011 and 2012), Critical Area #3 is primarily impaired by 

to sedimentation/siltation due to channelization and urban runoff and storm sewers, and by bacteria due to HSTS and 

urban area. Much of the area immediately adjacent to Oak Meadow Dr. Ditch has been altered by agricultural practices 

and residential development. Nutrient management and restoration of the riparian corridor will be needed to improve 

aquatic community health in Critical Area #3.  

3.4.4.1 Goals 

The overall nonpoint source restoration goals of any NPS-IS plan are twofold: (1) bring the waterbodies into full attainment 

of the designated ALU to meet Ohio’s WQS and (2) reduce phosphorus loads by 40 percent to meet Annex 4 

recommendations (GLWQA 2015) 17. These goals are specifically to: 

Goal 1.  Achieve an IBI score of 28 at site P11Q07 (RM 3.85) on Grassy Creek.

 Achieved: Site currently has a score of 24, which is nonsignificant departure. 

Goal 2.  Achieve an ICI18  score of 30 at site P11Q07 (RM 3.85) on Grassy Creek.

 Achieved: Site currently has a score of marginally good, which is nonsignificant 
departure. 

Goal 3.  Achieve a QHEI score of 55 at site P11Q07 (RM 3.85) on Grassy Creek.

 Not Achieved: Site currently has a score of 53. 

Goal 4. Achieve a 40 percent reduction in spring (March-July) and annual loads by reducing the annual 

TP load by 583 lbs., the spring TP load by 216 lbs., and the spring SRP load by 46 lbs.19

 Not Achieved: The annual TP load has not been reduced (0 lbs. of 583 lbs.). 

 Not Achieved: The spring TP load has not been reduced (0 lbs. of 216 lbs.). 

 Not Achieved: The spring SRP load has not been reduced (0 lbs. of 74 lbs.). 

17 The objective of Annex 4 (i.e., the Nutrients Annex) of the GLWQA is to develop “load reduction strategies on Western Basin cyanobacteria blooms, 

Central Basin hypoxia, and Eastern Basin Cladophora” (GLWQA 2015, p. 1). Annex 4 used ensemble modeling and phosphorus loading data to 

select a phosphorus load target that would result in a mild bloom (or smaller), like the blooms that occurred in the years 2004 and 2012. 
18 If Grassy Creek is not suitable for placement of the in-stream modified Hester-Dendy substrate sampler, then Goal 2 is to achieve a narrative score of 

good.
19 The load reduction is calculated as 40 percent of the estimated 2008 baseline load. The baseline loads were calculated by multiplying the area of Oak 

Meadow Drive Ditch (703 ac) by the unit area loads presented in Section 2.4.2 to yield an annual TP baseline load of 1,458 lbs, a spring TP baseline 

load of 541 lbs, and a spring SRP baseline load of 115 lbs. 
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3.4.4.2 Objectives 

Achieving the overall NPS restoration goal of full attainment and sediment- and nutrient- load reductions the following 

objectives need to be achieved within Oak Meadow Drive Ditch (Critical Area #3): 

Objective 1 Implement sediment- and nutrient-reduction strategies reduce and treat runoff from 90 acres of 

crop land and 116 acres of developed area 20. 

Sediment- and nutrient-reduction strategies for cropland include the implementing 4R fertilizer 

practices21, planting cover crops, and using minimally invasive tillage practices 

 Encourage whole farm conservation planning (Ohio EPA 2013a, Goal 3.01.01) 

 Reduce erosion and nutrient- and sediment-loss to surface waters (Ohio EPA 2013a, Goal 

3.01.02) 

Sediment- and nutrient- reduction example strategies for developed areas include reduced 

fertilizer use, maintaining natural buffers along ditch segments, and street sweeping. 

 Increase Native Shrub and Tree Plantings in Riparian Areas (Ohio EPA 2013; Goal 2.03.04) 

 Reduce erosion and nutrient- and sediment-loss to surface waters (Ohio EPA 2013a, Goal 

3.01.02) 

Objective 2 Implement drainage water management strategies to reduce runoff from 90 acres of tiled, row 

crop land and 116 acres of developed area20. 

Drainage water management strategies for cropland include the installation of retention devices 

and drainage tile controls and the creation of saturated buffers. 

 Reduce the rate and amount of runoff (Ohio EPA 2013a, Goal 3.03.01) 

 Increase treatment of field runoff (Ohio EPA 2013a, Goal 3.03.02) 

Drainage water management strategies for developed areas include the installation of retention 

devices and other green infrastructure practices. 

 Reduce the rate and amount of runoff (Ohio EPA 2013a, Goal 3.03.01) 

As these objectives are implemented, water quality monitoring (both project-related and regularly scheduled monitoring) 

will be conducted to determine progress toward meeting the identified goals (i.e., water quality standards). These 

objectives will be reevaluated and modified, as necessary. When reevaluating, Ohio’s Nonpoint Source Management Plan 

Update (Ohio EPA 2013) will be referenced, which has a complete listing of all eligible NPS management strategies. 

20 The Oak Meadow Drive Ditch critical area contains approximately 300 acres of cropland and 387 acres of developed land. Assuming a 30 percent 

implementation rate results in 90 acres and 116 acres, respectively. 

21 Right source, Right rate, Right time, and Right place.
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4 PROJECTS AND IMPLEMENTATION STRATEGY 

Projects and evaluations believed to be necessary to address the causes and sources of impairments to the Grassy 

Creek WAU are presented by critical area in this section. As Ohio assesses attainment using numeric biological criteria, 

periodic re-evaluation of biological condition will be necessary to determine if the implemented projects restore the critical 

areas.  

Time is a key factor to consider when measuring project success and overall status. Biological systems in some cases 

can show response quickly (e.g., one season); others system may take longer (e.g., several seasons, years) to show 

recovery. There may also be reasons other than nonpoint source pollution for the impairment. Those issues will need to 

be addressed under different initiatives, authorities or programs which may or may not be accomplished by the same 

implementers addressing the nonpoint source pollution issues. 

The Grassy Creek WAU was delineated into three critical areas to address causes and sources of impairment. An 

overview table is presented for each critical area in the following subsections (3.2.1, 3.3.1, and 3.4.1). Projects in each of 

the three critical areas were prioritized using the following process: 

Highest priority Directly addresses one or more of the critical area’s objectives 

Landowner support 

Provides additional benefits to the community 

Higher priority Directly address one or more of the critical area’s objectives 

Lower priority Indirectly address one or more of the critical area’s objectives 

If additional NPS impairments are identified for an existing critical area, the critical area’s overview table will be updated. If 

a new impairment is determined that is not within an existing critical area, then a new critical area will be delineated and a 

new summary table will be created.  

Project Summary Sheets (PSS) are in Section 4.1.2. These PSS provide the essential nine elements for short-term and/or 

next step projects that are in development and/or in need of funding. As projects are implemented and new projects 

developed these sheets will be updated. Any new PPS created will be submitted to the state of Ohio for funding eligibility 

verification (i.e., all nine elements are included). 

TSS load reductions were calculated using estimated existing loads and TSS BMP removal efficiency. Existing loads were 

estimated using unit area loads calculated by the National Center for Water Quality Research (NCWQR) for the Maumee 
River basin and the area of the proposed BMP. NCWQR calculated unit area TSS loading for the years 2007 to 2016 to 
range from 285 to 833 kilograms per hectare, with a 10-year average of 537 kilograms per hectare. The 10-year average 

unit area loading rate was multiplied by the area of the proposed BMP to estimate existing TSS loading. TSS load 
reductions were estimated using best professional judgement, a review of select studies, and the Agricultural BMP 

Handbook of Minnesota (Lennhart et al. 2017). Specific information on load reduction methodology is provided in PSS 
table notes.  
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4.1 CRITICAL AREA #1: OVERVIEW TABLE AND PROJECT SHEETS 

The information included in the Table 13 is a condensed overview of all identified projects needed for nonpoint source 

restoration of the P11Q07 Subwatershed critical area. PSSs are included for short term projects or any project that is 

considering seeking funding in the near future. Only those projects with complete PSS will be considered for state and 

federal nonpoint source program funding. 

4.1.1 Critical Area #1: Project Implementation Strategy Overview Table 

The P11Q07 Subwatershed critical area is based upon partial attainment at sampling site P11Q07 (RM 3.85). The 

overview table (Table 13) provides a quick summary of what needs to be done where and what problem (cause/source) 

will be addressed. The table includes projects at all levels of development (e.g., concept, in progress), and the table is 

intended to show a prioritized path toward restoration of the P11Q07 Subwatershed critical area in the Grassy Creek

WAU.  
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Table 13. Critical Area #1: Overview table for P11Q07 Subwatershed

Goal Objective Project Project title Lead 

organization 

(criteria d) 

Timeframe 

(criteria f) 

Estimated 

cost 

(criteria d) 

Potential/actual 

funding sources 

(criteria d) 

Urban sediment and nutrient reduction strategies 

1,2 2 1 Nutrient management planning (or 

equivalent) at Belmont Country Club 

BCC TBD TBD TBD 

Altered stream and habitat restoration strategies 

1,2,3 1 2 Native Riparian Habitat Improvement at 

Penta Career Center 

Penta, 

Wood SWCD 

Short $25,000 GLRI AOC,  

Ohio EPA §319 

1,2,3 1 3 Belmont County Club Golf Course 

Improvements 

BCC Short $80,000 GLRI AOC,  

Ohio EPA §319, 

Belmont Country 

Club 

Agricultural nonpoint source reduction strategies

1,2 2 4 Nutrient Management Planning at the Penta 

Career Center 

Penta,  

Wood SWCD 

Short $1,500 Wood SWCD, 

USDA NRCS EQIP 

High quality waters protection strategies

not applicable 

Other NPS causes and associates sources of impairment

none identified (yet)

Note: BCC = Belmont Country Club; EQIP = Environmental Quality Incentives Program; NRCS = Natural Resources Conservation Service; SWCD = Soil and Water Conservation 

District; TBD = to be determined; USDA = U.S. Department of Agriculture. 
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4.1.2 Critical Area #1: Project Summary Sheets 

The PSSs provided below were developed based on the actions or activities needed to restore sampling site P11Q07 (RM 

3.85) to attainment of the ALU designation. These projects are considered next step or priority/short term projects. 

Medium and long-term projects are not presented in PSSs since they are not yet ready for implementation.  

Critical Area 1: Project 1 

Nine Element 

Criteria
Information Needed Explanation 

n/a Title  Native Riparian Habitat Improvement at Penta Career Center 

criterion d 
Project Lead Organization and 
Partners 

Penta Career Center, Wood SWCD, and NRCS 

criterion c HUC-12 & Critical Area 
Grassy Creek (HUC 04100009 09 02) 
P11Q07 Subwatershed (critical area #1) 

criterion c Project Location 
Northwest corner of Penta Career Center property at the 
intersection of Buck Road and Bates Road  
(41.58668°, -83.57687°)

n/a 
Which strategy is being 
addressed by this project? 

Altered stream and habitat restoration strategies 

criterion f Time Frame Short 
criterion g Short Description Revegetate mowed riparian field with native vegetation 

criterion g Project Narrative 

The northwest corner of the Penta Career Center property is 
downslope of the main campus and bounded by Buck Road and 
Bates Road. An electrical utility corridor runs along Bates Road. 
The left bank riparian area is maintained as mowed grass. The 
project site is at Ohio EPA monitoring site P11Q07 that is just 
below biocriteria. 

This project will revegetate the riparian area with native trees, 
shrubs, and herbaceous plants (Figure 13). The riparian 
vegetation will provide multiple benefits to aquatic life, including 
reducing in-stream temperature through shading and providing 
streambank habitat (e.g., rootwads). Riparian vegetation will also 
help stabilize streambanks, which can reduce streambank erosion 
and reduce in-stream sediment loads.  

The electrical utility corridor will continue to be maintained as 
mowed grass. Horticultural students at Penta will assist with 
planting trees and herbaceous plants. Students will maintain the 
area for 3-years to ensure that the native plants sustain. 

criterion d Estimated Total Cost $20,000 - $25,000 a

criterion d Possible Funding Source GLRI AOC, Ohio EPA §319 

criterion a Identified Causes and Sources 
Causes: Siltation (Ohio EPA 2011) 
Sources: Channelization and Urban stormwater (Ohio EPA 2011) 

criteria b & h 

Part 1: How much improvement 
is needed to remove the NPS 
impairment associated with this 
Critical Area?  

Small improvement is necessary to increase the IBI from 24 to 28, 
increase the ICI from marginally good to good, and increase the 
QHEI from 53 to 55. 

Part 2: How much of the needed 
improvement for the whole 
Critical Area is estimated to be 
accomplished by this project?  

This project will implement riparian management along 260 of 

3,000 lineal feet (9 percent) of Objective 1. 
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The proposed riparian management will address poor habitat that 

impair fish and macroinvertebrate communities’ health. This 

project is estimated to improve the IBI by about 2 points and is 

estimated to improve the qualitative macroinvertebrate 

assessment from marginally good to good. Other stressors will still 

impact fish and macroinvertebrates (e.g., flashy flows from 

upstream urban stormwater and cropland tile drainage). The 

riparian management is estimated to improve QHEI scores by 

about 2 to 5 points.  

Part 3: Load reduced?  735 pounds of TSS per year 

criterion i 
How will the effectiveness of this 
project in addressing the NPS 
impairment be measured?  

If this project is funded through §319, Ohio EPA will perform 
monitoring and IBI, ICI, and QHEI will be assessed before and 
after project implementation. 

criterion e Information and Education  
Horticultural and landscaping faculty and students and the FFA 
club will participate in the design and planting. The project site can 
be used as a living classroom. 

Notes

a. Based on plant and seed prices from Ohio based native plant companies and administrative costs Cost of labor is not considered as it is assumed 

covered by the FFA club and volunteers. 

b. Load reductions were calculated using an 83 percent TSS removal efficiency for riparian buffers (Lenhart et a. 2017). 
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Figure 13. Concept for Native Riparian Habitat Improvement at Penta Career Center. 



Grassy Creek NPS-IS 

40 

Critical Area 1: Project 2 

Nine Element 

Criteria
Information Needed Explanation 

n/a Title  Belmont County Club Golf Course Improvements 

criterion d 
Project Lead Organization and 
Partners 

Belmont Country Club, city of Perrysburg 

criterion c HUC-12 & Critical Area 
Grassy Creek (HUC 04100009 09 02) 
P11Q07 Subwatershed (critical area #1) 

criterion c Project Location 
Belmont Country Club (29601 Bates Rd, Perrysburg, Ohio 43551) 
(41.57946°, -83.58077°)

n/a 
Which strategy is being 
addressed by this project? 

Altered stream and habitat restoration strategies 

criterion f Time Frame Short 

criterion g Short Description 
Restoration of pond and stream riparian habitat and restoration of 
Grassy Creek stream channel. 

criterion g Project Narrative 

Stream segments in the Belmont Country Club golf course 
typically have little riparian vegetation and are straightened, which 
results in fast-moving, warmer water with little available cover or 
habitat for aquatic life. Such segments can act as a barrier to fish 
migration. By improving some segments in the golf course to 
create refugia, aquatic life will be able to migrate through the golf 
course. 

Riparian buffers will be restored along the ponds and segments of 
Grassy Creek that flow through the county club (Figure 14). 
Buffers will be planted with native species a. About 440 feet of 
stream bank south of Ford Rd. will be re-meandered with pool, 
run, and riffle series. This will result in cooler, slower-moving water 
with cover that fish and benthic macroinvertebrates need. The re-
meander pattern will not interfere with the existing golf course. 
Belmont County Club is considering becoming a certified Audubon 
Sanctuary Golf Course b. 

Buffers will also help reduce sediment- and nutrient-loading to 
Grassy Creek. Sediment-laden runoff can rapidly flow over the 
mowed grass adjacent to Grass Creek. Riparian buffers that 
include woody vegetation will impeded overland flow and buffer 
areas can trap some of the sediment-loading. 

criterion d Estimated Total Cost $80,000 c

criterion d Possible Funding Source GLRI AOC, Ohio EPA §319, Belmont Country Club 

criterion a Identified Causes and Sources 
Causes: Siltation (Ohio EPA 2011) 
Sources: Channelization and Urban stormwater (Ohio EPA 2011) 

criteria b & h 

Part 1: How much improvement 
is needed to remove the NPS 
impairment associated with this 
Critical Area?  

Small improvement is necessary to increase the IBI from 24 to 28, 
increase the ICI from marginally good to good, and increase the 
QHEI from 53 to 55. 

Part 2: How much of the needed 
improvement for the whole 
Critical Area is estimated to be 
accomplished by this project?  

This project will implement riparian management along 440 of 

3,000 lineal feet (15 percent) of Objective 1. 

The proposed restoration project will address poor habitat that 

impair fish and macroinvertebrate communities’ health. This 

project is estimated to improve the IBI by about 2 points and is 

estimated to improve the qualitative macroinvertebrate 

assessment from marginally good to good. Other stressors will still 
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impact fish and macroinvertebrates (e.g., algal blooms in ponds 

from golf course runoff). The riparian management component of 

the restoration project is estimated to improve QHEI scores by 

about 5 to 10 points. 

Part 3: Load reduced?  3,000 pounds of TSS per year d

criterion i 
How will the effectiveness of this 
project in addressing the NPS 
impairment be measured?  

If this project is funded through §319, Ohio EPA will perform 
monitoring and IBI, ICI, and QHEI will be assessed before and 
after project implementation. 

criterion e Information and Education  

Educational signage will be installed near the restoration and at 
the club house. The Belmont Country Club will discuss the project 
in its newsletters and post about the project on its website and 
social media. 

Notes 

a. Native species include: Big Bluestem, native sedges, ryes and asters, Purple Coneflower, Black-eyed Susan, Woolgrass, Swamp Milkweed, Blue 

Vervain, Cardinal Flower. 

b. Audubon Cooperative Sanctuary Program is an education and certification program that helps organizations and businesses protect our environment 

while enhancing their bottom line. They provide professional site assessments and reports to golf courses to help with outreach and education, 

resource management, water quality conservation, and wildlife and habitat management. Membership is $300 per year. 

c. Based on cost estimates of $150 per linear foot of streambank restoration (CMAP 2016) and $136-$524 per acre of riparian buffer (Lenhart et al. 

2017) assuming approximately 8 acres of riparian stream and pond buffers. 

d. Load reductions were calculated using a TSS reduction efficiency of 83% for riparian buffers (Lenhardt et al. 2017).  
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Figure 14. Concept for Belmont Country Club Golf Course Improvements. 
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Critical Area 1: Project 3 

Nine Element 

Criteria
Information Needed Explanation 

n/a Title  Nutrient Management Planning at Penta Career Center 

criterion d 
Project Lead Organization and 
Partners 

Penta Career Center & Wood SWCD 

criterion c HUC-12 & Critical Area 
Grassy Creek (HUC 04100009 09 02) 
P11Q07 Subwatershed (critical area #1) 

criterion c Project Location 
Cropland at Penta Career Center (9301 Buck Road, Perrysburg) 
(41.58386°, -83.57146°) 

n/a 
Which strategy is being 
addressed by this project? 

Agricultural nonpoint source reduction strategies 

criterion f Time Frame Short 

criterion g Short Description 
Develop a nutrient management plan for the cropland at the Penta 
Career Center that is leased to a local farmer 

criterion g Project Narrative 

Penta Career Center leases 50 acres of its land to a local farmer. 
A nutrient management plan will be developed to determine the 
appropriate source, rate, timing, and placement of fertilizer 
application. Soil-samples will be collected and evaluated. Crop 
experts will visit and evaluate the crop fields. The nutrient 
management plan will aim to reduce  

criterion d Estimated Total Cost 

$1,500 
(Note: A nutrient management plan consistent with NRCS 590 will 
cost more than a simple nutrient management plan. Cost for soil 
sampling and site visits will vary based upon the size of the fields 
to be included in the nutrient management plan). 

criterion d Possible Funding Source Wood SWCD, USDA NRCS EQIP 

criterion a Identified Causes and Sources 
Causes: Siltation (Ohio EPA 2011) 
Sources: Channelization and Urban stormwater (Ohio EPA 2011) 

criteria b & h 

Part 1: How much improvement 
is needed to remove the NPS 
impairment associated with this 
Critical Area?  

Small improvement is necessary to increase the IBI from 24 to 28, 
increase the ICI from marginally good to good, and increase the 
QHEI from 53 to 55. 

Part 2: How much of the needed 
improvement for the whole 
Critical Area is estimated to be 
accomplished by this project?  

This project will place 50 of 225 acres (22 percent) into nutrient 

management planning for Objective 2. 

The proposed nutrient management planning will address nutrient 

loading that indirectly affects fish and macroinvertebrate 

communities’ health. This project is estimated to improve the IBI 

by about 2 points and is estimated to improve the qualitative 

macroinvertebrate assessment from marginally good to good. 

Other stressors will still impact fish and macroinvertebrates (e.g., 

flashy flows from upstream cropland tile drainage).  

Part 3: Load reduced?  26 pounds per year phosphorus a

criterion i 
How will the effectiveness of this 
project in addressing the NPS 
impairment be measured?  

If this project is funded through §319, Ohio EPA will perform 
monitoring and IBI, ICI, and QHEI will be assessed before and 
after project implementation. 

Post-implementation soil chemistry sampling can be used to 
assess nutrient implementation planning. 

criterion e Information and Education  
Educational signage will be installed near the crop fields. 
Horticultural students will participate in soil-sampling and will 
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observe site visits by crop experts when the experts assess the 
farmland. 

Note a: The load reduction is calculated as 25 percent of the estimated 2008 baseline load based upon best professional judgement (i.e., 
implementation of the nutrient management plan will reduce TP loading to Grassy Creek from Penta’s cropland by a quarter). Actual load reductions will 
be based upon the nutrient management plan and the results of soil-testing. The baseline load was calculated by multiplying the area of Penta’s leased 
cropland (50 ac) by the unit area loads presented in Section 2.4.2 to yield an annual TP baseline load of 104 lbs. 
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4.2 CRITICAL AREA #2: OVERVIEW TABLE AND PROJECT SHEETS 

The Lower Grassy Creek critical area is based upon non-attainment at sampling site 303792 (RM 0.35). Limited biological 

and habitat data are available and causes and sources have not been assessed. Thus, no projects were identified to 

address this critical area; therefore, no overview table or PSS forms are presented in this subsection. 

4.3 CRITICAL AREA #3: OVERVIEW TABLE AND PROJECT SHEETS 

The Oak Meadow Drive Ditch critical area is based upon partial attainment at sampling site P11Q07 (RM 3.85). No 

projects were identified to address this critical area; therefore, no overview table or PSS forms are presented in this 

subsection. 



Grassy Creek NPS-IS 

46 

5 REFERENCES 

Cappiella, K., T. Schueler, and T. Wright. 2005. Urban Watershed Forestry Manual. Part 1 of a 3-Part Manual Series on 

Using Trees to Protect and Restore Urban Watersheds. Prepared by the Center for Watershed Protection for the 

U.S. Department of Agriculture, Forest Service. 

Chicago Metropolitan Agency for Planning. 2016. Boone-Dutch Creek Watershed-based Plan. FY16-0072. Chicago, 

Illinois. March 2016.  

Cuffney, T., R. Brightbill, J. May, and I. Waite. 2010. Responses of Benthic Macroinvertebrates to Environmental Changes 

Associated with Urbanization in Nine Metropolitan Areas. Pre-Print. Ecological Society of America. 

GLWQA (Great Lakes Water Quality Agreement). 2015. Recommended Phosphorus Loading Targets for Lake Erie. 

Annex 4 Objectives and Targets Task Team Final Report to the Nutrients Annex Subcommittee. May 11, 2015. 

Homer, C.G., J.A. Dewitz, L. Yang, S. Jin, P. Danielson, G. Xian, J. Coulston, N.D. Herold, J.D. Wickham, and K. 

Megown. 2015. Completion of the 2011 National Land Cover Database for the conterminous United States-

Representing a decade of land cover change information. Photogrammetric Engineering and Remote Sensing, 

81(5): 345-354. 

Lenhart, C., B. Gordon, J. Peterson, W. Eshenaur, L. Gifford, B. Wilson, J. Stamper, L. Krider, and N. Utt, 2017. 

Agricultural BMP Handbook for Minnesota, 2nd Edition. Minnesota Department of Agriculture. St. Paul, 

Minnesota. 262 p.  

National Oceanic and Atmospheric Administration. 2017e. What is a seiche? U.S. Department of Commerce, NOAA, 

National Ocean Service. https://oceanservice.noaa.gov/facts/seiche.html. Accessed October 12, 2017. 

ODNR (Ohio Department of Natural Resources. 2018. Ohio’s Top Invasive Plants. http://ohiodnr.gov/invasiveplants. 

Accessed June 26, 2018.  

Ohio EPA. 2011. Biological and Water Quality Study of the Portage River Basin, Select Lake Erie Tributaries, and Select 

Maumee River Tributaries, 2006-2008. Watershed Assessment Units 04100010 01, 02, 03, 04, 05, 07, and 

04100009 09. Hancock, Lucas, Ottawa, Sandusky, Seneca, and Wood Counties. EAS/2010-4-4. Ohio EPA, 

Division of Surface Water. Columbus, Ohio. March 9, 2010. Revised December 15, 2011. 

———. 2012. Total Maximum Daily Loads for the Maumee River (lower) Tributaries and Lake Erie Tributaries Watershed. 

Final Report. Ohio EPA, Division of Surface Water. July 5, 2012. 

———. 2013. Ohio Nutrient Reduction Strategy. Ohio EPA, Division of Surface Water with contributions from Ohio 

Department of Agriculture, Livestock Environmental Permitting Program Ohio Department of Natural Resources, 

Division of Soil and Water Resources. June 2013 

———. 2016. Delisting Guidance and Restoration Targets for Ohio Areas of Concern. Version 2.0. Ohio EPA, Division of 

Surface Water, Lake Erie Program. January 2016. 

———. 2018. Unpublished biological and habitat data collected by Ohio EPA in 2017. Provided by Cherie Blair on March 

19, 2018 and Josh Griffin on July 27, 2018. 

Ohio Lake Erie Commission. 2018. State of Ohio’s Domestic Action Plan 1.0. February 2018. 

http://lakeerie.ohio.gov/lakeerieplanning/ohiodomesticactionplan2018.aspx. Accessed July 31, 2018. 

Schueler, T. 1994. The Importance of Imperviousness. Watershed Protection Techniques 1(3):100–111. 

Shaver, E., R. Horner, J. Skupien, C. May, and G. Ridley. 2007. Fundamentals of Urban Runoff Management: Technical 

and Institutional Issues. North American Lake Management Society, Madison, WI. 

https://oceanservice.noaa.gov/facts/seiche.html
http://ohiodnr.gov/invasiveplants
http://lakeerie.ohio.gov/lakeerieplanning/ohiodomesticactionplan2018.aspx


Grassy Creek NPS-IS 

47 

TMACOG (Toledo Metropolitan Area Council of Governments). 2017. TMACOG Areawide Water Quality Management 

Plan. Toledo, Ohio. July 2017. 

Woods, A., J. Omernik, C. Brockman, T. Gerber, W. Hosteter, and S. Azevedo. 2012. Ecoregions of Indiana and Ohio. 

ftp://newftp.epa.gov/EPADataCommons/ORD/Ecoregions/in/ohin_front.pdf. Accessed February 8, 2018. 

U.S. EPA (U.S. Environmental Protection Agency). 2017a. Causal Analysis/Diagnosis Decision Information System 

(CADDIS). U.S. EPA, Office of Research and Development, National Center for Environmental Assessments. 

Washington, D.C. https://www.epa.gov/caddis. Accessed August 15, 2018. 

———. 2017b. U.S. Action Plan for Lake Erie. Commitments and strategy for phosphorus reduction. August 2017 draft. 

U.S. EPA, Great Lakes National Program Office. https://www.epa.gov/glwqa/us-draft-domestic-action-plan-lake-

erie. Accessed July 31, 2018. 

ftp://newftp.epa.gov/EPADataCommons/ORD/Ecoregions/in/ohin_front.pdf
https://www.epa.gov/caddis
https://www.epa.gov/glwqa/us-draft-domestic-action-plan-lake-erie
https://www.epa.gov/glwqa/us-draft-domestic-action-plan-lake-erie

