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1 INTRODUCTION 

Berger Ditch is a tributary of the Lake Erie east of the city of Toledo area of northwest Ohio. Wolf Creek flows from 

northeastward from the city of Northwood (Wood County) into the city of Oregon (Lucas County) and then through rural 

farmland. Wolf Creek was historically rerouted to flow due north along North Curtice Road (Township Road 202) and was 

named Berger Ditch. The lowest reaches of Berger Ditch flow through Maumee Bay State Park (MBSP), which is 

operated by the Ohio Department of Natural Resources (ODNR). To the east of the Berger Ditch WAU, Wolf Creek below 

the disconnected rerouting still flows eastward. The Berger Ditch watershed assessment unit (WAU), which is hydrologic 

unit code (HUC) 04100010 07 05, is 16.1 square miles. The Berger Ditch WAU is in the Cedar-Portage subbasin (HUC 

04100010) and the Western Basin of Lake Erie.  

The Berger Ditch WAU is within the Maumee 

Area of Concern (Maumee AOC; Figure 1) 

that was established as part of the Great 

Lakes Water Quality Agreement 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 

Berger Ditch 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 developed to address the loss of fish and wildlife habitat beneficial use 

impairment (BUI) of the Maumee AOC1.   

                                                      

1 In 2016, the Maumee AOC Advisory Committee proposed a management action to develop nine element watershed plans that will identify projects to 

restore and protect fish and wildlife habitat. U.S. EPA’s Great Lakes National Program Office awarded funding to Ohio EPA to develop these 20 NPS-IS 

plans. Ohio EPA is providing funding to several organizations to develop the NPS-IS plans.  

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

This document is the first of its kind to address fish and wildlife 

habitat in the Berger Ditch WAU. No watershed action plan 

was previously developed for this watershed. The Toledo Area 

Metropolitan Council of Governments (TMACOG 2003, 2011) 

and several partners2 studied the Berger Ditch watershed to 

identify the causes of water column and sediment fecal 

bacteria that are transported to the Lake Erie beaches at 

Maumee Bay State Park (MBSP); while the focus of the studies 

was fecal bacteria, the solutions to mitigate bacteria 

contamination involve the installation of wetland systems, 

which can provide in-stream and wildlife habitat, and thus, are 

relevant to this NPS-IS plan. 

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 Berger Ditch 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. 

The hydrography and hydrology of the Lake Erie tributaries east of the city of Toledo have been significantly altered over 

the past century as the watershed was developed. Streams were straightened and channelized, and subsurface drainage 

tiles were established in crop fields. These stream modifications and tiles alter the natural hydrologic regime and result in 

flashy flows with higher streamflow velocities and less baseflow. Altered hydrology combined with degraded habitat in the 

Berger Ditch WAU have impaired aquatic community health. 

1.2 WATERSHED PROFILE AND HISTORY 

The Berger Ditch WAU is generally delineated by North Curtice Road (TR-202) to the east, Curtice East West Road 

(west) to the south, and a line of the Norfolk Southern Railroad to the southwest (Figure 2). The eastern boundary of the 

watershed includes South Lallendorf Road and North Norden Road. An 

additional line of the Norfolk Southern Railroad runs northwest-southeast and 

bisects the WAU. 

Portions of five municipal jurisdictions are within the Berger Ditch WAU (Table 

1). Much of the watershed is within regulated municipal separate storm sewer 

systems (MS4s).3 The city of Northwood is sewered, while the city of Oregon 

and unincorporated areas of Allen, Jerusalem, and Lake townships are mostly 

served by home sewage treatment systems (HSTS). Two facilities in the 

watershed are covered by an individual permit to discharge to surface waters.4 

                                                      

2 Partnering organizations include the National Oceanic and Atmospheric Administration, Ohio Department of Health, Ohio EPA, Ohio Department of 

Natural Resources, city of Oregon, city of Toledo, Toledo/Lucas County Health Department, and University of Toledo Lake Erie Center. 

3 The cities of Norwood (2GQ00002) and Oregon (2GQ00001) are Phase II MS4s. Jerusalem Township is a co-permittee with the Lucas County and 

Others Small MS4 (2GQ00006) and Lake 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. 

4 The city of Oregon (U.S. EPA ID OH0041815, Ohio EPA ID 2IW00220) operates a small water treatment facility with lime soda softening. The facility 

discharges to Berger Ditch from two lagoons. Hirzel Canning Company (U.S. EPA ID OH0135666, Ohio EPA ID 2IH00111) operates a food processor 
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Biosolids application files are located throughout the city of Oregon portion of the WAU5; a single biosolids application 

field each are within the Allen and Jerusalem townships’ portions of the watershed. No concentrated animal feeding 

operations are in the watershed. 

Table 1. Municipal jurisdictions 

Municipality County Area (acres) Relative area within WAU 

Allen Township Ottawa 166 2% 

Jerusalem Township Lucas 600 6% 

Lake Township Wood 31 <1% 

city of Northwood Wood 1,186 12% 

city of Oregon Lucas 8,278 81% 

Note: Areas are rounded to the nearest acre and percentage point. Percentage points do not sum to 100 percent due to rounding. 

The Berger Ditch WAU is predominantly rural agricultural, with some urban development in the headwaters in the city of 

Northwood. Much of the city of Oregon in this WAU is agricultural with single family residences. Points of interest in the 

WAU include MBSP, which is a popular tourist destination, along with Pearson Metropark and the William P. Coontz 

Recreational Complex. The city of Oregon’s municipal government complex on Seaman Road abuts the recreational 

complex. 

      

      

                                                      

in the city of Northwood. The facility discharges to Wolf Creek from a controlled discharge lagoon with a design flow of 150,000 gallons per day. 

Stormwater discharges are also permitted. 

5 The source of the biosolids is typically the Oregon wastewater treatment plant (U.S. EPA OH0052914, Ohio EPA ID 2PD00035). 

Maumee Bay State Park 

MBSP is 1,336 acres along the coast of Lake 
Erie. The park was established in 1975 and 
includes public beaches on Lake Erie’s 
coastline and along an inland lake, wetland 
hiking trails, a nature center, a lodge, cottages, 
camp sites, a golf course, and a marina. 

(http://parks.ohiodnr.gov/maumeebay) 

Pearson Metropark 

Pearson Metropark is 624 acres in the city of 
Oregon. The metropark includes about 3 miles 
of hiking trails, athletic fields, a playground, and 
the Johlin cabin that is used for educational 
programming. Pearson Metropark is a year-
round birding destination. 

(https://metroparkstoledo.com/explore-your-parks/pearson/) 

http://parks.ohiodnr.gov/maumeebay
https://metroparkstoledo.com/explore-your-parks/pearson/
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Figure 2. Berger Ditch WAU. 
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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 Berger Ditch 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 Berger Ditch watershed include: ODNR’s Division of State Parks and Watercraft 

and Office of Coastal Management, The Nature Conservancy, TMACOG, Partners for Clean Streams, and the city of 

Oregon. Representatives of Tetra Tech met with Don Nelson (city of Oregon) and toured key locations in the watershed, 

including potential project locations on land owned by the city of Oregon. Tetra Tech staff also met with Andy Thompson 

(ODNR’s MBSP manager) to discuss park operations, Berger Ditch, critical areas, and potential projects. 

Representatives from Tetra Tech and the Mannik & Smith Group held 

a public and stakeholder meeting6 on April 24, 2018 to discuss NPS-IS 

plans for seven watersheds in the Maumee AOC, including Berger 

Ditch (Figure 3). 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 meeting7. 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 Berger Ditch WAU.  

This report was primarily authored by Tetra Tech. 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), the total maximum daily load (TMDL) report for the 

tributaries of the lower Maumee River and Lake Erie (Ohio EPA 2012), 

and several publications by the University of Toledo (UT 2016, 2017) 

and TMACOG (2003, 2007, 2011, and 2017). Critical areas were 

delineated by Tetra Tech with input from the city of Oregon and ODNR 

and with feedback from Ohio EPA and the attendees at stakeholder 

meetings. Project information in Chapter 4 was based upon Tetra 

Tech analyses and information provided by the city of Oregon and 

Maumee Bay State Park. 

                                                      

6 The public stakeholder meeting was attended by representatives of Black Swamp Conservancy, the city of Toledo, and Wood County Soil and Water 

Conservation District. 

7 The TMACOG Watershed Committee meeting was attended by representatives of state agencies (ODNR and Ohio EPA), local agencies (Lucas 

County, TMACOG, city of Toledo, and Toledo Metroparks), non-profit organizations (Partners for Clean Streams), private firms (Civil & Environmental 

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

Figure 3. Photographs from the April 24, 2018 

stakeholder meeting. 
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2 WATERSHED CHARACTERIZATION AND ASSESSMENT SUMMARY 

Wolf Creek (also known as Wolf Ditch) begins in crop fields in Lake Township of Wood County. The intermittent stream 

flows into the city of Norwood and through the Northwood Local Schools campus. The headwaters of the watershed 

include Northwood City Hall, the Biltmore Gardens neighborhood, and the Hirzel Canning Company. The creek flows 

northeast occasionally passing through small crop fields before eventually flowing just southeast of Pearson Metropark. 

An unnamed, intermittent ditch begins at the Ohio Department of Transportation’s Northwood Garage and flows eastward 

along Curtice Road. Wolf Creek beings to flow more easterly by the Jerusalem Township fire department and William P. 

Coontz Recreational Complex. Wolf Creek was rerouted due north along North Curtice Road (Township Road 202) 

(Figure 4); the re-routing occurred sometime between 1875 and 1900 to alleviate flooding problems (TMACOG 2011, p. 

5). Berger Ditch, with water from the Wolf Creek diversion, then flows due north for a half mile, with the Oregon water 

treatment plant and then a small farm along the left bank (west) and North Curtice Road along the right bank (east). At 

Cedar Point Road, Berger Ditch continues to flow due north through MBSP. In the state park, the golf course is to the east 

and Inland Lake is to the west. Berger Ditch discharges to Lake Erie at a small marina. Most of the public beaches are 

part of the Otter Creek and Frontal Lake Erie WAU (HUC 04100010 07 06), while the Maumee Bay State Park Hotel and 

wetlands to the east are part of the Wolf Creek and Frontal Lake Erie WAU (HUC 04100010 07 04). 

Streams and ditches throughout the WAU have been straightened and channelized, typically to support agricultural 

operations or stormwater management. This section summarizes the watershed characterization and assessment of the 

Berger Ditch 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) 

 
Note: Berger Ditch is the small ditch originating in the lower left portion of this photograph. The concrete wall on the right side of this photograph 

disconnects upper Wolf Creek from lower Wolf Creek. 

Figure 4. Wolf Creek diversion into Berger Ditch. 
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2.1 SUMMARY OF WATERSHED CHARACTERIZATION 

Wolf Creek and Berger Ditch are headwaters-sized tributaries that ultimately discharge to Maumee Bay of Lake Erie. The 

Berger Ditch WAU is rural with considerable single family residential developments and row crop land throughout the 

watershed. Some commercial and institutional development is in the areas draining to Wolf Creek. 

2.1.1 Physical and Natural Features 

The Berger Ditch WAU is one of six WAUs that make 

up the frontal Lake Erie tributaries east of the Lower 

Maumee subbasin and west of the Portage River 

watershed. Except for the Berger Ditch WAU, which 

discharges to a small marina at MBSP, each WAU 

includes frontal Lake Erie drainages. This WAU is 

wholly within the Maumee Lake Plain (level IV 

ecoregion #57a) that is typically composed of low 

gradient, channelized streams and ditches that are 

sluggish and high in clay content (Woods et al. 2011). 

Soils are typically of hydrologic soil group C/D (91 

percent of WAU); soils are group C sandy clay loams 

when drained.  

Berger Ditch is affected by Lake Erie seiches. The typical upstream extent of a Lake Erie seiche along the Berger Ditch is 

the Oregon Water Treatment Plant on North Curtice Road, north of Corduroy Road, and on rare occasions the seiche can 

extend upstream all the way to Corduroy Road (TMACOG 2011, p. 7). Ohio EPA (2016, p. 80) estimates the upstream 

lacustrine boundary to be at river mile 1.6. 

At MBSP, overflow from Inland Lake is pumped to Berger Ditch or discharged via gravity bypass to the marina. Ponds at 

the golf course east of Berger Ditch are used to irrigate the golf course and overflow is pumped to Berger Ditch. 

The hydrography, geology, soils, climate, and hydrology of the Berger Ditch WAU are characterized in the TMDL report 

(Ohio EPA 2012). Watershed characterization information is also provided in the regional 208 plan: TMACOG Areawide 

Water Quality Management Plan (TMACOG 2017). 

 

Figure 5. Berger Ditch in the Maumee Bay State Park at the marina on the Maumee Bay shoreline. 

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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2.1.2 Land Use and Protection 

 “The central and eastern portions of [the Berger Ditch WAU is] dominated by rural residential and crop fields. The lower 

reaches, in the lacustrine area, are sparsely populated” (Ohio EPA 2012, p. 60). The Berger Ditch WAU is predominantly 

cropland (63 percent; Table 2). In the southwest portion of the WAU, residential properties are often within subdivisions, 

while cropland tracts dominate the rest of the WAU. The Berger Ditch WAU is 10 percent impervious and 6 percent 

canopy cover. 

Table 2. Land cover in the Berger Ditch WAU 

Land cover Area (acres) Area (%) 

Open water 61 1% 

Developed, open 724 7% 

Developed, low intensity 1,441 14% 

Developed, medium intensity 500 5% 

Developed, high intensity 155 2% 

Barren land 4 <1% 

Deciduous forest 364 4% 

Evergreen forest 10 <1% 

Grassland / herbaceous 210 2% 

Pasture/hay 65 1% 

Cultivated crops 6,454 63% 

Woody wetlands 6 <1% 

Emergent herbaceous wetlands 267 3% 

Total 10,261 100% 

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. 

 

The city of Oregon’s 2025 Master Plan 

includes several proposals relevant to 

this NPS-IS, including public utilities, 

home sewage treatment systems, and 

riparian setbacks (Oregon 2007). 

Generally, future development must 

evaluate potential connection to public 

utilities. Soils in Oregon are hydric and 

often not conducive to home sewage 

treatment systems (Oregon 2007, p. 5).  

No riparian setbacks are codified in the 

city of Oregon. However, the city’s 

master plan proposed 75-foot setbacks 

(Oregon 2007, p. 79). Evaluation of 

aerial imagery indicates that many 

crops are often planted very close to 

Wolf Creek and its tributary ditches.

Figure 6. Row crop land adjacent to Wolf Creek at Stadium Road. 
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Figure 7. Land cover in the Berger Ditch WAU. 
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Despite the predominance of cropland in the WAU, public lands available for recreation are maintained by several park 

systems:  

• Pearson Metropark (616 acres; 6 percent of WAU) 

• Maumee Bay State Park (437 acres (4 percent of WAU) 

• William P. Coontz Recreational Complex (municipal park; 24 acres; 0.2 percent of WAU; Figure 8) 

Portions of Pearson Metropark and MBSP are also managed to protect natural areas and maintain native ecosystems. 

 

 

Figure 8. City of Oregon municipal complex, William P. Coontz Recreational Complex, and crop land. 
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2.2 SUMMARY OF BIOLOGICAL TRENDS 

Biological and habitat data were collected at 

two assessment sites in the Berger Ditch WAU 

in 2017. Site 201111 is riverine and is in non-

attainment of its designated aquatic life use 

(ALU) of warmwater habitat (WWH)8 in the 

Huron-Erie Lake Plains ecoregion (Table 3); 

this site has been historically sampled9. Site 

303795 is lacustrine10 and is in non-attainment; 

this site had not been previously sampled. 

Ohio EPA (2011) previously collected 

biological and habitat data for the Berger Ditch 

WAU in 2008 as part of a comprehensive 

assessment of the Portage River, Lake Erie 

tributaries, and lower Maumee River tributaries 

watersheds.  

In 2017, the Index of Biotic Integrity (IBI) score 

attained the biological criterion at riverine site 

201111 but did not attain at lacustrine site 

303795. Berger Ditch is too small to evaluate 

the Modified Index of well-being (MIwb). The 

Invertebrate Community Index (ICI) scores did not attain the biological criteria. The Qualitative Habitat Evaluation Index 

(QHEI) scores did not meet their targets11.  

Table 3. Overall biological indices scores for the Berger Ditch WAU 

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

3.90 (7.8) H WWH 2008 34 n/a Poor NON 31.5 201111 

2017 28 n/a Very poor NON a 29.0 

0.8 (15.1) B WWH, L 2017 35 n/a 18 NON a 49.5 303795 

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

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; 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.  

 

                                                      

8 Biological criteria for WWH streams in the Huron-Erie Lake Plains ecoregion are: IBI score of 24 (headwaters) and ICI score of 30.  

9 Ohio EPA collected fish data at site 201111 on July 13, 1993; August 25, 2008; and September 7, 2017. 

10 Biological thresholds for lacustrine WWH streams are: L-IBI score of 42 and L-ICI score of 34. 

11 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. 

Figure 9. Wolf Creek at Stadium Road (site 201111), looking upstream 

(April 24, 2018). 
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Figure 10. ALU attainment on Wolf Creek and Berger Ditch. 
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2.2.1 Fish Community Health 

In 2017, fish community health did not attain the biological threshold at lacustrine site 303795, while fish community health 

did attain the biological criterion at riverine site 201111. However, the IBI score did decrease at site 201111 from 34 in 

2008 to 28 in 2017.  

No deformities, [fin] erosion, lesions, or tumors (DELT anomalies) were identified at either site in 2017 or at site 201111 in 

2008. As expected, more fish species were captured at lacustrine site 303795 than riverine site 201111. Tolerant species 

were more dominant at riverine site 201111 (40 percent) than lacustrine site 303795 (12 percent). Similarly, pioneering 

species were more dominant at riverine site 201111 (38 percent) than lacustrine site 303795 (2 percent). 

2.2.2 Macroinvertebrate Community Health 

Macroinvertebrate community health did not attain the biological criteria in 2008 and 2017. The poor score in 2008 was 

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

“predominance of facultative and tolerant taxa” (Ohio EPA 2011, p. 135).  

2.2.3 Fish Habitat 

The QHEI score at site 201111 from 2008 indicated a couple of WWH attributes (Table 4). Attribute data for 2017 QHEI 

monitoring are not available. In 2008, habitat quality was poor due to heavy silt load and extensive embeddedness with no 

riffles (Ohio EPA 2011). Habitat quality was discussed in the TMDL report (Ohio EPA 2012, p. 92) as follows:  

The site’s substrate had heavy siltation and extensive embeddedness; no riffle/runs were present to be evaluated. 

The creek channel had low sinuosity and poor development. No channelization was observed at this site; 

however, this watershed drains to Berger Ditch, which was constructed along North Curtice Road (County Road 

202). 

At site 303895, the 2017 data are similar to site 201111. The channel is recovering, and embeddedness and silt are 

moderate, which is better than site 201111. There are still riffles and the riparian buffer width is sparse to none; on the 

right bank, an old road right-of-way is directly along Berger Ditch throughout MBSP. 

 

Figure 11. Berger Ditch along North Curtice Road (April 24, 2018). 
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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 2008. 

Notes 

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

Value in red does not 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 Berger Ditch as organic enrichment, phosphorus, 

and siltation (causes) derived from channelization and on-site treatment systems (sources). Ohio EPA will evaluate the 

2017 monitoring data and determine causes and sources of impairment in late 2018 or early 2019. 

2.3.1 Phosphorus and Organic Enrichment from On-Site Treatment Systems 

Elevated levels of total phosphorus (TP) were ubiquitous in the Berger Ditch WAU. Water quality samples were collected 

from two sites in this WAU (site 201111, RM 2.70; site S03S50, RM 6.30); TP concentrations from all five samples at both 

sites and geometric means of sample results at both sites exceeded the headwaters target (0.08 mg/L)12.  

The University of Toledo (UT) Environmental Remediation and Restoration Laboratory (see box on next page) also 

collected total phosphorus samples that were often at high concentrations. UT calculated seasonal and annual loads for 

several years between 2007 and 2014; the average of spring (March through May) TP loads was 4.3 metric tons (MT) and 

the average of annual TP loads was 11.2 MT13. 

TMACOG (2017) identified a critical sewerage area (WO-17) in the Berger Ditch WAU and Ohio EPA field staff have 

observed “heavy black sediment, septic odor, [and] abundant algae” (Ohio EPA 2010, p. 45). A weight-of-evidence 

approach during TMDL evaluation concluded that organic enrichment and excessive TP were derived from home sewage 

treatment systems, consistent with the Ohio EPA (2011) source identification. “Agricultural runoff from crop fields with 

chemical application (e.g., fertilizers), wildlife, and hobby farms with a few livestock are other potential sources [of TP] but 

secondary to that of HSTS and unsewered communities” (Ohio EPA 2012, p. 84). 

A TP TMDL was developed at site 201111 (RM 2.70) to address the organic enrichment and excessive phosphorus from 

NPS. TP wasteload allocations were assigned to one individual permittee, construction stormwater, and five MS4s14. 

2.3.2 Siltation from Channelization 

Channelization is a source of sedimentation/siltation impairment throughout the Lake Erie tributaries to the east of Toledo. 

Siltation in the Berger Ditch WAU was evaluated using QHEI and in-stream total suspended solids (TSS) data. Three of 

four samples yielded TSS concentrations in excess of the headwaters HELP TSS target (24 mg/L). 

The TMDL (Ohio EPA 2012, p. 93) described the siltation assessment as follows: 

Though the number of samples and representativeness are limited, the evaluation did show that TSS loads were 

fairly consistent across flow conditions, which may be indicative of the influence of a continually discharging point 

source. [...] The DMR data generally show that Hirzel Canning Company does not contribute TSS to Berger Ditch 

and that the Oregon WTP occasionally contributes larger loads. The conclusion of the weight-of-evidence 

analysis is that channelization and agricultural runoff are the primary sources of sediment loads. 

A TMDL was also developed at site 201111 to address siltation from NPS. TSS wasteload allocations were assigned to 

the same entities as for the TP TMDL plus an additional individual permittee. 

  

                                                      

12 At site 201111, TP concentrations ranged from 0.15 to 0.26 mg/L with a geometric mean of 0.19 mg/L; at site S03S50, TP concentrations ranged from 

0.11 to 0.78 mg/L with a geometric mean of 0.35 mg/L (Ohio EPA 2011, p. 65). 

13 Spring TP loads varied from 0.6 MT (2014) to 9.3 MT (2011), and annual TP loads varied from 2.0 MT (2013) to 21.7 MT (2008). 

14 The cities of Norwood (2GQ00002) and Oregon (2GQ00001), Lucas County and Others (2GQ0006), Wood County and Others (2GQ00028), and the 

Ohio Department of Transportation (4GQ00000). 
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2.4 ADDITIONAL INFORMATION  

Comprehensive water column and sediment Escherichia coli (E. coli) sampling along Berger Ditch and Wolf Creek 

indicated the following (TMACOG 2003, 2007 2011): 

▪ Elevated densities of sediment E. coli persisted upstream of areas impacted by Lake Erie seiches 

▪ Elevated densities of E. coli were found in stream and ditch sediments without corresponding elevated densities 

in the water column 

▪ Precipitation events resuspend sediment throughout the Berger Ditch WAU and first flushes during/following 

storm events contain very high in-stream E. coli densities 

▪ E. coli bound to resuspended sediments were transported down Berger Ditch to MBSP 

TMACOG (2003, 2007, 2011) concluded that elevated levels of fecal bacteria identified at the Lake Erie beaches at MBSP 

were derived from resuspended sediment-loading from Berger Ditch. To address these watershed sources, TMACOG 

(2007) proposed areas for implementation and potential alternatives for projects that could reduce NPS pollution that 

contributes to beach advisories at MBSP. 

A two-stage treatment system was installed with a 

sedimentation pond developed on city of Oregon land 

(Stage 1; Figure 12) and a tiered wetland treatment 

system developed at MBSP (Stage 2; Figure 13). Both 

stages were funded through Great Lakes Restoration 

Initiative (GLRI) grants awarded to UT’s 

Environmental Remediation and Restoration 

Laboratory. The two-stage treatment system is 

relevant to this NPS-IS because the treatment system 

created fish and wildlife habitat.  

▪ Sedimentation Pond: A sedimentation pond was designed and constructed on city-owned land through a GLRI 

grant (GL-00E01148-0; $551,780). A portion of the city-owned land was purchased through a Coastal 

Management Assistance Grant (306A-02; $45,833)15 that also funded the development of a riparian corridor 

restoration plan with the help of TMACOG (2011). Vegetation was established upon floodplain benches via an 

Ohio EPA Storm Water Improvement Fund grant (12GLRI-LUCA-12; $19,870). The sedimentation pond was 

designed “to trap rolling-bed sediment and suspended sediment” and the sediment-bound bacteria and nutrients 

(UT 2016, p. 1). The floodplain along the sedimentation pond  on Wolf Creek was also restored to help collect 

suspended sediment and to provide 3.5 acres of riparian habitat for migrating birds and native wildlife. 

▪ Terraced Wetland System: A 10-acre terraced wetland/floodplain was installed in MBSP through a GLRI grant 

(GL-00E00823-0; $1,348,595). The wetland system reduces NPS loading from Berger Ditch to Lake Erie and 

provides coastal wetland habitat for fish and wildlife (UT 2017). While the wetland system only captures and treats 

a small fraction of flow in Berger Ditch, the system has reduced concentrations of total phosphorus (74 percent), 

orthophosphate (47 percent), suspended solids (84 percent), and E. coli (88 percent; UT 2017). Native plant 

species were planted in the wetland cells and upland areas to provide habitat for wildlife. 

Both project sites present opportunities for the creation of additional in-stream and riparian habitat.  

                                                      

15 Funding for the Coastal Management Assistance Grant through ODNR’s Office of Coastal Management was provided by the National Oceanic and 

Atmospheric Administration through grant NA09NOS4190080. 

Environmental Remediation  
and Restoration Laboratory  

ERRL is one of 12 laboratories at the University of 
Toledo’s Lake Erie Center. The laboratory is 
directed by Dr. Daryl Dwyer, Associate Professor 
of Ecology. Research at ERRL involves the 
restoration of urban and natural sites to improve 
water quality for the Western Basin of Lake Erie. 

(http://www.utoledo.edu/nsm/lec) 
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Figure 12. Sedimentation pond installed on city of Oregon property (April 24, 2018; very high water levels). 

 

Figure 13. Terraced wetland system at MBSP (April 23, 2018).  
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3 CONDITIONS & RESTORATION STRATEGIES FOR THE BERGER DITCH 
CRITICAL AREAS 

3.1 OVERVIEW OF CRITICAL AREAS 

Sampling locations along Berger Ditch are not in full attainment of the designated ALUs: 

▪ Full attainment: No sites are in full attainment.  

▪ Partial attainment: One site (201111) in the headwaters is in non-attainment WWH biological criteria for the 
Huron-Erie Lake Plain ecoregion.  

▪ Non-attainment: One site (303795) in the lacustuary is in non-attainment of WWH biological thresholds. 

Four critical areas have been identified to address the NPS that are believed to be causing the impairments Figure 14.  

 

Figure 14. Critical areas in the Berger Ditch WAU. 
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3.2 CRITICAL AREA #1: CONDITIONS, GOALS, & OBJECTIVES 

3.2.1 Detailed Characterization 

The Wolf Creek Corridor (Critical Area #1) is a 300-foot buffer (150-feet on each side) along 3.6 river miles of Wolf Creek 

from the city of Oregon’s municipal complex at Starr Extension downstream to just south of the city of Oregon’s water 

treatment plant (WTP). Wolf Creek is a headwaters-sized stream and is designated WWH. The stream is an open channel 

that flows through several road bridge culverts and many small bridges used for agricultural equipment. 

Within the Wolf Creek Corridor critical area, Wolf Creek flows through institutional land, row crop land, and single family 

rural residential properties. Adjacent crop land is drained by agricultural tiles with outfalls along Wolf Creek. The 131-acre 

critical area is predominantly cultivated crop land (111 acres; 85 percent). Developed open space (9 acres; 7 percent) and 

low-density developed land (7 acres; 6 percent) compose most of the remaining land. Wolf Creek Corridor includes low 

levels of impervious cover (4 acres; 3 percent) and canopy cover (2 acres; 1 percent). 

 

Figure 15. Wolf Creek Corridor (Critical Area #1). 
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3.2.2 Detailed Biological Condition 

Ohio EPA evaluated fish and macroinvertebrate community health in 2017 at site 201111 (RM 2.70) within the critical area 

(RM 0.70; Table 5 and Table 6). Site 201111 is in full attainment but is considered threatened due to a marginally good 

ICI and poor QHEI. About a third of the fish species caught were creek chub, which are a tolerant species. About 41 

percent of captured species were tolerant. Together, creek chub and round goby comprised 65 percent of the catch in 

2017, while they only comprised 46 percent in 2008. No DELT anomalies were identified in 2017.  

Table 5. Fish community health and habitat data – Critical Area #1 

RM DA Year QHEI Total 

species 

IBI Predominant species 

(percent of catch) 

Narrative 

evaluation 

3.90 7.8 2008 31.5 15 34 Round goby (25%), creek chub (21%), tadpole madtom 

(21%), goldfish (5%) 

Fair 

2017 29.0 11 28 Creek chub (34%), round goby (31%), yellow perch 

(17%) 

Fair 

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

Notes 

DA = drainage area, in square miles; IBI = Index of Biotic Integrity; 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 sampling was performed in both 2008 and 2017, with 32 and 33 taxa were collected, respectively (Table 

6). Two-thirds of the taxa collected in 2017 are considered pollution-tolerant.  

Table 6. Macroinvertebrate community health data – Critical Area #1 

RM Year ICI No. of taxa Predominant species 

Total EPT Cold 

3.90 2008 Poor 32 1 0 Midges, sow bugs, blackflies 

2017 VP 33 1 0 (2017 macroinvertebrate abundance data are not available yet) 

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

Notes 

Cold = coldwater taxa; EPT = Ephemeroptera, Plecoptera, and Trichoptera; ICI = Invertebrate Community Index; RM = river mile; VP = very poor. 

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 has not determined the causes and sources of impairment 

for the 2017 biological and habitat data. However, Ohio EPA (2011), 

published the causes and sources of impairment for the 2008 data in 

the TSD: siltation from channelization and organic enrichment and TP 

from on-site treatment systems. 

In addition, in-stream habitat throughout the critical area is degraded 

by several symptoms of its agricultural setting including direct habitat 

alteration (from channelization and bridge culverts) and flow alteration 

(flashiness from tile drainage). Much of the Wolf Creek Corridor has 

sparse to no trees in the riparian area (Figure 16).  
Figure 16. Lack of wooded riparian corridor 

along Wolf Creek. 
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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 siltation from 

channelization, TP and organic enrichment from on-site treatment systems, and degraded in-stream habitat due to 

agricultural development. Wolf Creek has been modified to accommodate cultivated crop land, including the installation of 

drain tiles and removal for riparian trees and wetlands. Restoration of stream channel morphology, the riparian corridor, 

and in-stream habitat will be needed to improve aquatic community health in Critical Area #1. Wolf Creek is entrenched 

and reconnection to the floodplain will provide riparian habitat for wildlife. 

 

 

3.2.4.1 Goals 

The overall NPS 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 very poor 

macroinvertebrate community health score. Additionally, the recent QHEI score is well below the headwaters target. 

Therefore, the goals for Wolf Creek Corridor (Critical Area #1) of the Berger Ditch watershed are to improve IBI, ICI, and 

QHEI scores at site 201111 (RM 3.90) so that the site will improve from non-attainment to full attainment of the 

designated ALU. These goals are specifically to: 

Goal 1.  Achieve an IBI score of 24 at site 201111 (RM 3.90) on Wolf Creek. 

▪ Achieved: Site currently has a score of 28. 

Goal 2.  Achieve an ICI16 score of 30 at site 201111 (RM 3.90) on Wolf Creek. 

▪ Not achieved: Site currently has a score of very poor. 

Goal 3.  Achieve a QHEI score of 55 at 201111 (RM 3.90) on Wolf Creek. 

▪ Not Achieved: Site currently has a score of 29. 

  

                                                      

16 If Wolf 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. 

Challenges to Achieving Goals and Objectives 

▪ Cultivated crop land is within 150-feet of Wolf Creek and farmers may not be willing to remove 
crop land from production. 

▪ Wolf Creek is culverted under several road bridges and many farm equipment bridges. These 
culverts can be barriers to biotic migration, which may hinder colonization from nearby fish and 
macroinvertebrate populations. 



Berger Ditch NPS-IS   

26 

3.2.4.2 Objectives 

To achieve the overall NPS restoration goal of full attainment (which will be challenging, see text box below), the following 

objectives needs to be achieved within the Wolf Creek Corridor (Critical Area #1): 

Objective 1 Implement riparian management strategies along 3,000 lineal feet17 of Wolf Creek from Starr 

Extension (at the municipal complex) downstream to North Curtice Road (at the Wolf Creek 

Sedimentation and Restoration project area) 

▪ 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 Do not farm directly adjacent to Wolf Creek 

▪ Encourage riparian setback and development standards and codes (Ohio EPA 2013; Goal 
2.05.01) 

▪ Establish voluntary no-mow zones (Ohio EPA 2013; Goal 2.05.02) 

▪ Establish voluntary no plow zones in riparian areas (Ohio EPA 2013; Goal 3.04.03) 

 

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. 

 

Figure 17. Juvenile Fowler’s toad in the thin, treeless riparian corridor along Wolf Creek.  

                                                      

17 The objective of 3,000 lineal feet within the 3.6 river mile long critical area equates to an approximate implementation rate of 16 percent. 
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3.3 CRITICAL AREA #2: CONDITIONS, GOALS, & OBJECTIVES 

3.3.1 Detailed Characterization 

The Lower Berger Ditch critical 

area (Critical Area #2) is 

composed of three areas within 

the Maumee Bay State Park 

(Figure 18):  

▪ Area A. A 31.6-acre area 

bounded by Park Road 1 to 

the north, Berger Ditch to the 

east, Cedar Point Road to the 

west in the Berger Ditch WAU. 

UT’s terraced wetland system 

is within this area. 

▪ Area B. A 5.4-acre area along 

2,300 lineal feet of Berger 

Ditch from Park Road 1 

downstream to the Maumee 

Bay marina in the Berger Ditch 

WAU. The eastern boundary 

is Berger Ditch and the 

western boundary is service 

road and trail along the 

eastern edge of Inland Lake. 

▪ Area C. A 11.7-acre area 

bounded by Berger Ditch to 

the west and North Curtice 

Road to the east in the Wolf 

Creek-Frontal Lake Erie 

WAU18. This area is shown 

with hashed lines in Figure 18. 

This portion of critical area is 

outside of the Berger Ditch 

WAU; however, based on 

local knowledge and 

professional opinion, this area 

drains westward into the WAU 

via ditches and tiles. 

  

                                                      

18 The eastern boundary of the Berger Ditch WAU (HUC 04100010 07 05) is Berger Ditch. Wet lowlands to the east of Berger Ditch and west of North 

Curtice Road in the Wolf Creek-Frontal Lake Erie WAU (HUC 04100010 07 04) may drain directly to Berger Ditch. A drainage ditch flows due west to 

Berger Ditch in the lowlands south of the tennis courts. Any floodplain reconnection project may warrant revision of the WAU boundary.  

Figure 18. Lower Berger Ditch (Critical Area #2). 
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Berger Ditch is an open channel that flows due north through MBSP. Berger Ditch is lacustrine in this segment; Lake Erie 

water flows upstream beyond MBSP during seiches.  

The Lower Berger Ditch critical area is wholly within MBSP but is within two WAUs (Table 7). The critical area is about 49 

acres and predominantly emergent herbaceous wetlands. Area A and Area B in the Lower Berger Ditch critical area 

includes low levels of impervious cover (<1 acres; 2 percent) and canopy cover (2 acres; 5 percent). Representative 

impervious cover cannot be calculated for Area C; due to the raster cell size in the National Land Cover Database that 

would include North Curtice Road within Area C even though the roadway is outside of Area C. 

Table 7. Land cover in the Lower Berger Ditch critical area 

Land cover 

Berger Ditch WAU 

(HUC 04100010 07 05) 

Area A and Area B 

Wolf Creek-Frontal Lak Erie WAU 

(HUC 04100010 07 04) 

Area C 

Area (acres) Area (%) Area (acres) Area (%) 

Developed, open 7.5 20% 6.9 59% 

Developed, low intensity 1.1 3% 3.3 28% 

Emergent herbaceous wetlands 28.5 77% 1.5 13% 

Total 37.1 100% 11.7 100% 

Source of spatial data: Homer et al. 2015. 

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

3.3.2 Detailed Biological Condition 

Ohio EPA evaluated fish and macroinvertebrate community health in 2017 at site 303795 (RM 0.80) within the critical area 

(Table 8 and Table 9); Ohio EPA has not previously sampled Berger Ditch in MBSP, which is a lacustuary. Fish were 

captured at site 303795 twice in 2017: August 1st and September 7th. The August pass was by boat with 57 fish across 12 

species captured, while the September pass was via wading with 299 fish across 18 species captured. No DELT 

anomalies were identified. 

Table 8. Fish community health and habitat data – Critical Area #2 

RM DA L-

QHEI 

Total 

species 

L-

IBI 

Predominant species 

(percent of catch) 

Narrative 

evaluation 

0.80 15.1 49.5 15 35 Pass 1: Mimic shiner (44%), bluegill sunfish (16%) 

Pass 2: Gizzard shad (47%), bluegill sunfish (20%) 

Fair 

Source: Ohio EPA 2018. Data collected in 2017. 

Notes 

DA = drainage area, in square miles; L-IBI = lacustrine Index of Biotic Integrity; L-QHEI = lacustrine Qualitative Habitat Evaluation Index; RM = river mile. 

Green scores meet the L-IBI biological threshold or L-QHEI target. Red scores do not meet the L-IBI biological threshold or L-QHEI target. 

 

A total of 50 taxa were captured during macroinvertebrate sampling in 2017 (Table 9). No coldwater or sensitive taxa were 

captured during either quantitative or qualitative sampling, and 25 tolerant taxa were captured during qualitative sampling. 

Several taxa of midges dominated the quantitative sampling (Table 9). Macroinvertebrate community health in the Berger 

Ditch lacustuary is relatively poor. 
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Table 9. Macroinvertebrate community health data – Critical Area #2 

RM L-ICI No. of taxa Predominant species 

Total EPT Cold 

0.80 18 50 4 0 Midges (78%), aquatic segmented worms (9%) a 

Source: Ohio EPA 2018. Data collected in 2017. 

Notes 

Cold = coldwater taxa; L-ICI = lacustrine Invertebrate Community Index; EPT = Ephemeroptera, Plecoptera, and Trichoptera; RM = river mile. 

Green scores meet the L-ICI biological threshold. Red scores do not meet the L-ICI biological threshold. 

a. Dicrotendipes simpsoni (22%; midges), Endochironomus nigricans (6%; midges), Glyptotendipes sp. (50%, midges), Oligochaeta (9%; worms). 

3.3.3 Detailed Causes and Associated Sources 

Ohio EPA has not determined the causes and sources of impairment for the 2017 biological and habitat data. Ohio EPA 

(2011) determined the causes and sources of impairment in the Berger Ditch WAU: siltation from channelization and 

organic enrichment and total phosphorus from on-site treatment systems. However, this determination was based upon 

2008 data, none of which were collected within the Berger Ditch lacustuary. These causes and sources are assumed to 

also affect the Lower Berger Ditch critical area since it is downstream of the causes and sources identified at an upstream 

site and because these causes and sources are consistent with the watershed-wide results published in previous studies 

by TMACOG (2003, 2007, 2011, 2017) and UT (2016, 2017). 

In addition, in-stream habitat along Berger Ditch in this critical area is degraded by direct habitat alteration (from 

channelization) and upstream flow alteration (flashiness from upstream tile drainage). 

3.3.4 Goals and Objectives for Critical Area #2 

As explained in detail above, Critical Area #2 is impaired by siltation from channelization, TP and organic enrichment from 

on-site treatment systems, and degraded in-stream habitat due to channelization and upstream agricultural development. 

Berger Ditch has been straightened and channelized to quickly move water out of the watershed. Restoration of stream 

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

Critical Area #2. 

3.3.4.1 Goals 

The overall NPS 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 fair fish 

community health score and a poor macroinvertebrate community health score. Additionally, the recent QHEI score is 

below the headwaters target. Therefore, the goals for Lower Berger Ditch (Critical Area #2) of the Berger Ditch WAU are 

to improve L-IBI, L-ICI, and L-QHEI scores at site 303795 (RM 0.80) so that the site will improve from non-attainment to 

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

Goal 1.  Achieve an L-IBI score of 42 at site 303795 (RM 0.80) on Berger Ditch. 

▪ Not Achieved: Site currently has a score of 35. 

Goal 2.  Achieve an L-ICI19 score of 34 at site 303795 (RM 0.80) on Berger Ditch. 

▪ Not Achieved: Site currently has a score of 18. 

Goal 3.  Achieve a L-QHEI score of 55 at 303795 (RM 0.80) on Berger Ditch. 

▪ Not Achieved: Site currently has a score of 49.5.  

                                                      

19 If Berger Ditch 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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3.3.4.2 Objectives 

To achieve the overall NPS restoration goal of full attainment, the following objectives needs to be achieved within Lower 

Berger Ditch (Critical Area #2): 

Objective 1 Implement riparian management strategies along 2,300 lineal feet of Berger Ditch in the Maumee 

Bay State Park (i.e., the entire segment downstream/north of Park Road 1). 

▪ 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 Install an additional five acres20 of wetland treatment systems in the Maumee Bay State Park to 

treat Berger Ditch or the ditch along Cedar Point Road. 

▪ Increase riparian wetland retention areas (Ohio EPA 2013; Goal 2.04.01) 

 

Objective 3 Reconnect Berger Ditch to its original floodplain to the east (within the Wolf Creek-Frontal Lake 

Erie WAU) and install 11 acres of riparian wetlands. 

▪ Increase riparian wetland retention areas (Ohio EPA 2013; Goal 2.04.01) 

 

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. 

 

Figure 19. Inland Lake at Maumee Bay State Park.  

                                                      

20 This portion of the Lower Berger Ditch critical area is 31.6 acres, which includes the terraced wetland treatment system (10 acres) constructed via a 

GLRI grant (UT 2017). Installing an additional 5 acres of wetland treatment system within the remaining 21.6 acres of this area was deemed 

reasonable. 
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3.4 CRITICAL AREA #3: CONDITIONS, GOALS, & OBJECTIVES 

3.4.1 Detailed Characterization 

The Cultivated Crop Land (Critical Area #3) is a composed of about 700 acres of large parcels of tiled crop land along 

Wolf Creek that directly discharges to Wolf Creek, along the segment from Brown Road downstream to the city’s WTP. 

Adjacent parcels of tiled crop land that discharge to ditches that are tributary to Wolf Creek are not prioritized into this 

critical area at this time.  

Wolf Creek in this critical area is a headwaters-sized stream and is designated WWH. The stream is an open channel that 

flows through several road bridge culverts and many small bridges used for agricultural equipment. 

Within the Cultivated Crop Land critical area, Wolf Creek flows through row crop land. About 650 acres (93 percent) of the 

696-acre critical area is cultivated cropland. Most of the crop land is privately owned. The city of Oregon owns and leases 

crop land to the east of the municipal complex (about 63 acres) and southwest of the WWTP (about 37 acres). Developed 

open space (12.5 acres; 2 percent) and low-density developed land (20 acres; 3 percent) compose most of the remaining 

land. Cultivated Crop Land includes low levels of impervious cover (10 acres; 1 percent) and canopy cover (2 acres; <1 

percent). 

 

Figure 20. Cultivated Crop Land (Critical Area #3). 
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3.4.2 Detailed Biological Condition 

Ohio EPA evaluated fish and macroinvertebrate community health in 2017 at site 201111 (RM 2.70) within this critical 

area. Refer to Section 3.2.2 for a discussion of the biological and habitat data at site 201111. Note that portions of the 

Wolf Creek Corridor (Critical Area #1) overlay portions of Cultivated Crop Land (Critical Area #3).  

3.4.3 Detailed Causes and Associated Sources 

Ohio EPA has not determined the causes and sources of impairment for the 2017 biological and habitat data. However, 

Ohio EPA (2011), published the causes and sources of impairment for the 2008 data in the TSD. The cause and source 

relevant to this critical area are siltation from channelization. 

Sediment and phosphorus loads from the cultivated crop land in this critical area are 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. 

3.4.4 Goals and Objectives for Critical Area #3 

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

channelization, TP and organic enrichment from on-site treatment systems, and degraded in-stream habitat due to 

agricultural development. Wolf Creek has been modified to accommodate cultivated crop land, including the installation of 

drain tiles and removal for riparian trees and wetlands. The goals and objectives of the Wolf Creek Corridor (Critical Area 

#1) focus upon in-stream and riparian wildlife habitat restoration, while the goals and objectives of Cultivated Crop Land 

(Critical Area #3) focus upon reducing sediment- and phosphorus-loading to Wolf Creek, and ultimately Lake Erie. 

3.4.4.1 Goals 

The overall NPS restoration goals for the Cultivated Crop Land critical area 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 (Great Lakes Water Quality Agreement 2015)21.  

Goal 1.  Achieve an IBI score of 24 at site 201111 (RM 3.90) on Wolf Creek. 

▪ Achieved: Site currently has a score of 28. 

Goal 2.  Achieve an ICI22 score of 30 at site 201111 (RM 3.90) on Wolf Creek. 

▪ Not Achieved: Site currently has a score of very poor. 

Goal 3.  Achieve a QHEI score of 55 at 201111 (RM 3.90) on Wolf Creek. 

▪ Not Achieved: Site currently has a score of 29. 

Goal 4.  Achieve a 40 percent reduction in spring (March-July) TP and SRP loads and annual TP load.23  

▪ Not Achieved: Spring TP load is 0.29 MT and needs to reduce 0.12 MT to 0.17 MT. 

▪ Not Achieved: Annual TP load is 0.75 MT and needs to reduce 0.30 MT to 0.45 MT. 

                                                      

21 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. 

22 If Wolf 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. 

23 For the entire Berger Ditch WAU, UT estimated average spring (March through May) and annual TP loads of 4.3 MT and 11.2 MT, respectively. 

Assuming uniform distribution, the spring and annual TP loads for this critical area (about 700 acres) are 0.29 MT and 0.75 MT, respectively. To 

achieve the 40 percent reduction, the spring and annual TP loads for this critical area will need to be 0.17 MT and 0.45 MT, respectively. 
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3.4.4.2 Objectives 

To achieve the overall NPS restoration goal of full attainment and sediment- and nutrient-load reductions, the following 

objectives needs to be achieved within Cultivated Crop Land (Critical Area #3): 

Objective 1 Implement sediment- and nutrient-reduction strategies and drainage water management 

strategies to reduce and treat runoff from 290 acres24 of crop land from the 41 parcels that 

discharge directly25 to Wolf Creek from Brown Road downstream to the Wolf Creek 

Sedimentation and Restoration project area.  

 

Sediment- and nutrient-reduction strategies include the implementing 4R fertilizer practices26, 

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) 

 

Drainage water management strategies 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) 

 

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. 

 

  

                                                      

24 The Cultivated Crop Land critical area is about 700 acres; however, based upon best professional judgement, only about 580 acres drain directly to 

Wolf Creek. Assuming a 50 percent implementation rate results in 290 acres. 

25 Portions of some parcels in this critical area discharge to agricultural drainage ditches that eventually discharge to Wolf Creek or Berger Ditch. The 

current objective is to address crop fields with tile outlets directly to Wolf Creek. Under adaptive management, future objectives may seek to address 

crop fields with tile outlets on ditches that are tributary to Wolf Creek. 

26 Right source, Right rate, Right time, and Right place. 

Drainage water management 

Perhaps the single most important action that can be taken to reduce nutrient loadings and impacts 
on Ohio streams is to reduce the rate and amount of runoff from agricultural production areas. 

(Ohio EPA 2013a, p. 38, Goal 3.03.01) 
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3.5 CRITICAL AREA #4: CONDITIONS, GOALS, & OBJECTIVES 

3.5.1 Detailed Characterization 

The On-Site Treatment Systems critical area (Critical Area #4) is a composed of about 240 acres of parcels that have on-

site treatment systems (as determined by the city of Oregon and TMACOG) and are located adjacent to Wolf Creek along 

the segment from Brown Road downstream to the city’s WTP. Only parcels containing homes within 500-feet of Wolf 

Creek were selected; homes were identified using best professional judgement and aerial imagery. Parcels containing 

homes greater than 500-feet from Wolf Creek and parcels along tributary ditches of Wolf Creek are not prioritized at this 

time. 

Within the On-Site Treatment Systems critical area, Wolf Creek flows through row crop land. About 177 acres (74 percent) 

of the 240-acre critical area is cultivated cropland. Developed, low intensity (31 acres; 13 percent) and developed open 

space (17 acres; 7 percent) compose most of the remaining land. Medium and high density developed area and 

grasslands are present but compose little area. Critical Area #4 includes low levels of imperviousness (6 percent) and 

canopy cover (<1 percent).  

 

Figure 21. On-Site Treatment Systems (Critical Area #4). 
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3.5.2 Detailed Biological Condition 

Ohio EPA evaluated fish and macroinvertebrate community health in 2017 at site 201111 (RM 2.70) within this critical 

area. Refer to Section 3.2.2 for a discussion of the biological and habitat data at site 201111. 

3.5.3 Detailed Causes and Associated Sources 

Ohio EPA has not determined the causes and sources of impairment for the 2017 biological and habitat data. However, 

Ohio EPA (2011), published the causes and sources of impairment for the 2008 data in the TSD. The causes and sources 

relevant to this critical area are organic enrichment and TP from on-site treatment systems. 

3.5.4 Goals and Objectives for Critical Area #4 

As explained in detail above and by Ohio EPA (2011), Critical Area #4 is primarily impaired TP and organic enrichment 

from on-site treatment systems. The goals and objectives of the On-Site Treatment Systems (Critical Area #4) focus upon 

reducing phosphorus-loading to Wolf Creek, and ultimately Lake Erie, from failing on-site treatment systems. 

3.5.4.1 Goals 

The overall NPS restoration goals for the On-Site Treatment Systems critical area are twofold: (1) bring the waterbodies 

into full attainment of the designated ALU to meet Ohio’s WQS and (2) eliminate phosphorus loads and organic 

enrichment derived from failing on-site treatment systems, including HSTS. 

Goal 1.  Achieve an IBI score of 24 at site 201111 (RM 3.90) on Wolf Creek. 

▪ Achieved: Site currently has a score of 28. 

Goal 2.  Achieve an ICI27 score of 30 at site 201111 (RM 3.90) on Wolf Creek. 

▪ Not Achieved: Site currently has a score of very poor. 

Goal 3.  Achieve a QHEI score of 55 at 201111 (RM 3.90) on Wolf Creek. 

▪ Not Achieved: Site currently has a score of 29. 

3.5.4.2 Objectives 

To achieve the overall NPS restoration goal of full attainment and nutrient-load reductions, the following objectives needs 

to be achieved within On-Site Treatment Systems (Critical Area #4): 

Objective 1 Inspect and repair or replace malfunctioning or failing HSTS from the 37 parcels that are adjacent 

Wolf Creek with homes within 500-feet of Wolf Creek. Inspections should also verify that home 

sewage treatment systems are not connected to agricultural drain tiles.  

Objective 2 Conduct a targeted outreach and educational campaign for residential properties within the 37 

parcels on proper system maintenance and design. Outreach and educational campaign 

strategies include distribution of materials (e.g., brochures, notices door hangers), hosting training 

workshops, and conducting door-to-door conversations with owners. 

 

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.   

                                                      

27 If Wolf 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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4 PROJECTS AND IMPLEMENTATION STRATEGY 

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

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 Berger Ditch WAU was delineated into four critical areas to address causes and sources of impairment. An overview 

table is presented for each critical area in the following subsections (4.1.1, 4.2.1, and 4.3.1). Projects in each of the four 

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 Sections 4.1.2, 4.2.2, and 4.3.2,. 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 calculated from BMP removal efficiencies from 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 10 is a condensed overview of all identified projects needed for nonpoint source 

restoration of the Wolf Creek Corridor 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 Wolf Creek Corridor critical area is based upon non-attainment at sampling site 201111 (RM 3.90). The overview 

table (Table 10) 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 Wolf Creek Corridor critical area in the Berger Ditch WAU.  

 

Figure 22. Berger ditch facing east under the City of Oregon Recreational Complex pedestrian bridge. 

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. 
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TSS load reductions were calculated from BMP removal efficiencies from best professional judgement, a review of select 

studies, and the Agricultural BMP Handbook of Minnesota (Lennhart et al. 2017). 
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Table 10. Critical Area #1: Overview table for Wolf Creek Corridor 

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 

not applicable 

Altered stream and habitat restoration strategies 

2, 3 1 1 Recreational Complex Stream Restoration  city of 

Oregon 

Short $285,000 Ohio EPA §319, 

GLRI AOC 

Agricultural nonpoint source reduction strategies 

none identified (yet) 

High quality waters protection strategies 

not applicable 

Other NPS causes and associates sources of impairment 

none identified (yet) 
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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 201111 (RM 

3.90) 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  Recreational Complex Stream Restoration  

criterion d  
Project Lead Organization and 
Partners 

city of Oregon 

criterion c  HUC-12 & Critical Area 
Berger Ditch (HUC 04100010 07 05) 
Wolf Creek Corridor (critical area #1) 

criterion c  Project Location 
Riparian corridor along Wolf Ditch, just east of the William P. 
Coontz Recreational Complex 
(41.64833°, -83.41559°) 

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 
Installation of a floodplain bench along Wolf Ditch in an existing 
riparian corridor adjacent to city-owned lands. 

criterion g  Project Narrative 

Floodplain benches will be installed along a segment of Wolf Ditch 
in the existing 200-foot riparian buffer. Wolf Ditch is entrenched 
about 8-feet along this segment. The streambank will be benched 
along about 1,500-feet of right bank and about 1,240-feet of left 
bank (Figure 23). Banks above the floodplain bench will be graded 
to a 3:1 slope. A series of vernal pools, and large and wood debris 
areas will be created on the floodplain benches. The benches will 
be planted with native floodplain species a.  
 
The city of Oregon is undertaking master planning for recreation. 
Following master planning, in the city’s row crop land north of this 
project, Wolf Ditch could be re-meandered to reflect a more 
naturalized pattern seen in a downstream reference reach. 

criterion d  Estimated Total Cost $285,000 b 

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

criterion a  Identified Causes and Sources 
Causes: Siltation (Ohio EPA 2011), Direct habitat alteration 
Sources: Channelization (Ohio EPA 2011) 

criteria b & h 

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

Significant improvement is necessary to increase the ICI from low-
fair to good (or a score of 30) and increase the QHEI from 29 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 restore 1,370c of 3,000 lineal feet (46 percent) of 

Objective 1.  

Part 3: Load reduced?  114 tons 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.  
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criterion e  Information and Education  

The city of Oregon will install signage at the project site, which is 
at the city’s recreational complex. If feasible, the city will install a 
viewing area between the recreational complex parking lot and the 
western row crop field and will install signage at that location.  
 
The city will discuss the project in its newsletters and post about 
the project on its website and social media. 

Notes  

a. Native wetland species include big bluestem, wild ryes, native sedges, flat-topped white aster, swamp milkweed, common boneset, blue vervain, and 

cardinal flow. Native upland species include:  

b. The costs are estimated as $190,000 for construction; $44,000 for mobilization/demobilization, bonds/insurance, and 10 percent contingency; and 

$51,000 for design, permitting, and legal.  

c. The 1,370-feet is the average of the left and right bank restorations of 1,240-feet and 1,500 feet, respectively. 

d. Load reduction were calculated assuming 10 percent of the TSS load was captured by the floodplain benches, based upon best professional 

judgement. UT (2015, 2016) estimated summertime daily TSS concentration reductions of 46 to 99 percent at the sedimentation pond that UT 

constructed on Wolf Ditch (Section 2.4). The existing load in Berger Ditch was estimated to be 1,135 tons per year; see the beginning of Section 4 for 

a discussion of how existing loads were calculated.  
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Figure 23. Concept for Recreational Complex Stream Restoration.  
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4.2 CRITICAL AREA #2: OVERVIEW TABLE AND PROJECT SHEETS 

The information included in the Table 11 is a condensed overview of all identified projects needed for nonpoint source 

restoration of the Lower Berger Ditch 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. 

4.2.1 Critical Area #2: Project Implementation Strategy Overview Table 

The Lower Berger Ditch critical area is based upon non-attainment at lacustrine sampling site 303795 (RM 0.80). The 

overview table (Table 11) 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 Lower Berger Ditch critical area in the Berger Ditch WAU.  

 

 

Figure 24. Open space at Maumee Bay State Park between Berger Ditch (left) and Inland Lake (right). 
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Table 11. Critical Area #2: Overview table for Lower Berger Ditch 

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 

none identified (yet) 

Altered stream and habitat restoration strategies 

1, 2, 

3 

2,3 1 Habitat and Flood Control Wetlands at 

Maumee Bay State Park 

ODNR Short $154,000 Ohio EPA §319, 

GLRI AOC 

Agricultural nonpoint source reduction strategies 

not applicable 

High quality waters protection strategies 

not applicable 

Other NPS causes and associates sources of impairment 

none identified (yet) 
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4.2.2 Critical Area #2: Project Summary Sheets 

The PSSs provided below were developed based on the actions or activities needed to restore sampling site 303795 (RM 

0.80) 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 2: Project 1 

Nine Element 

Criteria 
Information Needed Explanation 

n/a  Title  Habitat and Flood Control Wetlands at Maumee Bay State Park 

criterion d  
Project Lead Organization and 
Partners 

ODNR 

criterion c  HUC-12 & Critical Area 
Berger Ditch (HUC 04100010 07 05) 
Lower Berger Ditch (critical area #2) 

criterion c  Project Location 
Two sites at Maumee Bay State Park: 
(41.67731°, -83.37190°) and (41.68196°, -83.37021°) 

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 Creation of two overflow wetlands along Berger Ditch 

criterion g  Project Narrative 

Two overflow riparian wetlands will be created in wet, low lying 
areas along Berger Ditch (Figure 25). The first wetland will be 1.5 
acres located west of Berger Ditch and south of Park Rd 1 in Area 
A. The second wetland will be 2.5 acres located east of Berger 
Ditch and south of the tennis courts in Area C. Both wetlands will 
treat low and midge range flows. The existing Berger Ditch 
channel will remain to direct high flows. 

criterion d  Estimated Total Cost $154,000 a 

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

criterion a  Identified Causes and Sources 
Causes: Organic enrichment (Ohio EPA 2011), Siltation (Ohio 

EPA 2011), Direct habitat alteration, Flow regime alteration 
Sources: Channelization (Ohio EPA 2011) 

criteria b & h 

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

Significant improvement is needed to increase the L-IBI from 35 to 
42 and to increase the L-ICI from 18 to 34. Some improvement is 
needed to increase the L-QHEI from 49.5 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 restore 1.5 of 5 acres (30 percent) of Objective 2 

and 2.5 of 11 acres (23 percent) of Objective 3. The L-ICI index 

score is estimated to increase from 18 to 20. 

Part 3: Load reduced?  1.6 tons of TSS per year b 

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  

ODNR will install signage at the project site at MBSP. ODNR 
naturalists will include the project site and a discussion of the 
project in one or more of their guided hikes. ODNR will discuss the 
project on its MBSP website. ODNR will post about the project on 
its social media. 

Notes  

a. Cost estimate based upon rate of $38,500 per acre of treatment wetland (Lenhart et al. 2017). 

b. Load reduction were calculated based on wetland restoration BMP efficiency of 75% (Lenhart et al. 2017) and estimated wetland capacity. 
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Figure 25. Concept for Habitat and Flood Control Wetlands at Maumee Bay State Park. 
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4.3 CRITICAL AREA #3: OVERVIEW TABLE AND PROJECT SHEETS 

The information included in the Table 11 is a condensed overview of all identified projects needed for nonpoint source 

restoration of the Cultivated Crop Land 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. 

4.3.1 Critical Area #3: Project Implementation Strategy Overview Table 

The Cultivated Crop Land critical area is based upon non-attainment at sampling site 201111 (RM 3.90). The overview 

table (Table 11) 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 Lower Berger Ditch critical area in the Berger Ditch WAU.  

 

Figure 26. City-owned and lease row crop land east of the city’s William P. Coontz recreational complex. 

Load reductions were calculated using (1) existing loads calculated using area ratios and UT’s load estimates for Berger 

Ditch and (2) removal efficiencies. UT estimated the annual TP load for the Berger Ditch WAU to be 11.2 MT. TP removal 

efficiency for the combination of controlled drainage and treatment wetlands is estimated to be 60 percent, based upon 

best professional judgement and a review literature regarding treatment of tile discharge from cropland (Table 12) 
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Table 12. Phosphorus removal efficiencies   

BMP  Method Watershed (State) SRP  TP  Source 

Constructed treatment wetland  Monitored tributary to Embarrass River (Illinois) 22% 2% Kovaic et al. (2000) 

Modeled Sandusky River (Ohio) 1% - 13% -- Tetra Tech (2017) 

Drainage water management 

(i.e., controlled drainage) a 

Monitored tributary to Big Walnut Creek (Ohio) 60% -- Williams et al. (2015) 

Modeled Sandusky River (Ohio) 1% - 14% -- Tetra Tech (2017) 

Constructed treatment wetland 

with controlled drainage. 

Monitored Elm Creek (Minnesota) 76% -- Lenhart et al. (2016) 

Note a: Phosphorus load removal in drainage water management BMPs is due to flow reduction and is not due to a reduction in phosphorus concentration. 

Table 13. Critical Area #3: Overview table for Cultivated Crop Land 

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 

not applicable 

Altered stream and habitat restoration strategies 

none identified (yet) 

Agricultural nonpoint source reduction strategies 

2,3,4 1 1 Drainage Water Management Demonstration 

Project 

city of 

Oregon 

Short $45,500 Ohio EPA §319, 

GLRI AOC 

2,3,4 1 2 Drainage Water Management Along Wolf 

Ditch Near Corduroy Road Crossing a  

city of 

Oregon 

Medium $40,400 Ohio EPA §319, 

GLRI AOC 

High quality waters protection strategies 

not applicable 

Other NPS causes and associates sources of impairment 

none identified (yet) 

Note a: The city of Oregon proposed a potential project to install drainage water management BMPs at two tiled, row crop fields that discharge directly to Wolf Ditch. The scope of work 

for this project includes: (1) Investigate tiles at parcel 24003063 (3.5 acres of row crop land) and parcel 24003040 (7.8 acres of row crop land), (2) Acquire properties, (3) Intercept 

east-flowing tiles and route to a drainage control structure; (4) Install a treatment wetland that receives flow from the drainage control structure and discharges to Wolf Ditch. 
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4.3.2 Critical Area #3: Project Summary Sheets 

The PSSs provided below were developed based on the actions or activities needed to restore sampling site 201111 (RM 

3.90) 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 3: Project 1 

Nine Element 

Criteria 
Information Needed Explanation 

n/a  Title  Drainage Water Management Demonstration Project 

criterion d  
Project Lead Organization and 
Partners 

city of Oregon 

criterion c  HUC-12 & Critical Area 
Berger Ditch (HUC 04100010 07 05) 
Cultivated Crop Land (critical area #2) 

criterion c  Project Location 
Tiled, row crop land owned by the city of Oregon, directly east of 
the William P. Coontz recreational complex. 
(41.64746°, -83.41572°) 

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

Agricultural nonpoint source reduction strategy 

criterion f  Time Frame Short 

criterion g  Short Description 
Install drainage water management BMPs at two row crop fields 
owned by the city of Oregon and leased to a local farmer. 

criterion g  Project Narrative 

An interceptor will be installed to route flow from a 7-acre plot with 
east-flowing tiles and a 7-acre plot with the north-flowing tiles to a 
constructed treatment wetland (Figure 27). A drainage control 
structure will be installed at the outlet of the interceptor to regulate 
flow into the wetland. A 0.75-acre treatment wetland will be 
constructed. The 75 to 90-foot buffer along Wolf Ditch that the city 
of Oregon does not allow to be farmed will be maintained. 

criterion d  Estimated Total Cost $45,500 

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

criterion a  Identified Causes and Sources 
Causes: Direct habitat alteration, Flow regime alteration 
Sources: Channelization 

criteria b & h 

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

Significant improvement is necessary to increase the ICI from very 
poor to good (or a score of 30) and increase the QHEI from 29 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 treat 14 of 290 acres (5 percent) of cropland using 

drainage water management for Objective 1. 

Part 3: Load reduced?  20 pounds TP 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  

The city of Oregon will install signage at the project site, which is 
at the city’s recreational complex. If feasible, the city will install a 
viewing area between the recreational complex parking lot and the 
western row crop field and will install signage at that location.  
 
The city will discuss the project in its newsletters and post about 
the project on its website and social media. 
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Figure 27. Concept for Drainage Water Management Demonstration Project. 
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Critical Area 3: Project 2 

Nine Element 

Criteria 
Information Needed Explanation 

n/a  Title  
Drainage Water Management Along Wolf Ditch Near Corduroy 
Road Crossing 

criterion d  
Project Lead Organization and 
Partners 

city of Oregon 

criterion c  HUC-12 & Critical Area 
Berger Ditch (HUC 04100010 07 05) 
Cultivated Crop Land (critical area #2) 

criterion c  Project Location 

Two privately owned properties along Corduroy Road, just west of 
Wolf Ditch: parcels 24003063 (3.5 acres of tiled, row crop land) 
and 24003040 (7.8 acres of row crop land). 
(41.65833°, -83.37902°) 

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

Agricultural nonpoint source reduction strategy 

criterion f  Time Frame Medium 

criterion g  Short Description 
Install drainage water management BMPs at two tiled, row crop 
fields adjacent to Wolf Ditch. 

criterion g  Project Narrative 

After investigating the subsurface drainage tiles and their outlets 
and determining the feasibility of installing drainage water 
management BMPs, the city of Oregon will purchase parcels 
24003063 and 24003040 and install BMPs. 
 
An inceptor with drainage control structure will be installed to route 
flow from the east-flowing tiles to a 0.65-acre                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
treatment wetland that will be installed at the northern portion of 
parcel 24003063 along Corduroy Road.  

criterion d  Estimated Total Cost $40,400 

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

criterion a  Identified Causes and Sources 
Causes: Direct habitat alteration, Flow regime alteration 
Sources: Channelization 

criteria b & h 

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

Significant improvement is necessary to increase the ICI from very 
poor to good (or a score of 30) and increase the QHEI from 29 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 treat 11 of 290 acres (4 percent) of cropland using 

drainage water management for Objective 1. 

Part 3: Load reduced?  16 pounds TP 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  

The city of Oregon will install a one or two parking stalls at the 
northern tip of parcel 24003063 near where the treatment wetland 
will be installed. Educational signage will be installed between the 
parking stalls and wetland. 
 
The city will discuss the project in its newsletters and post about 
the project on its website and social media. 
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4.4 CRITICAL AREA #4: OVERVIEW TABLE AND PROJECT SUMMARY SHEETS 

The On-site Treatment System critical area is based upon non-attainment at sampling site 201111 (RM 3.90). No projects 

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

 

Figure 28. On-site treatment systems being installed. 

  



Berger Ditch NPS-IS   

53 

5 REFERENCES 

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

March 2016. 

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. 

Kovacic, D.A., M.B. David, L.E. Gentry, K.M. Starks, and R.A. Cooke. 2000. Effectiveness of Constructed Wetlands in 

Reducing Nitrogen and Phosphorus Export from Agricultural Tile Drainage. Journal of Environmental Quality 29 

(4): 1262-1274. 

Lenhart, C., B. Godon, J. Gamble, D. Current, N. Ross, L. Herring, J. Nieber, and H. Peterson. 2016. Design and 

Hydrologic Performance of a Tile Drainage Treatment Wetland in Minnesota, USA. Water 8: 549. 

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. 

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. 

———. 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.  

Oregon. 2007. The City of Oregon 2025 Master Plan. Prepared by Reveille and R.D. Zande & Associates. 

http://www.oregonohio.org/2025-master-plan.html. Accessed April 16, 2018.  

Tetra Tech. 2017. Integrated Water Management Strategy. Integrating Water Quality and Water Quantity Benefits in 

Select Watersheds Draining to Lake Erie and Saginaw Bay. Prepared for U.S. EPA Region 5. St. Paul, 

Minnesota. March 21, 2017. 

TMACOG (Toledo Metropolitan Area Council of Governments). 2003. Wolf Creek Bacterial Impact on Maumee Bay State 

Park Beach. Summary Report. Toledo, Ohio. June 2003. 

———. 2007. Implementation Plan for the Maumee Bay State Park Wetland Restoration Project Oregon, Ohio. Prepared 

for TMACOG. Prepared by Hull & Associates. Toledo, Ohio. December 2007. 

http://www.tmacog.org/Environment/MBBT/Maumee_Bay_State_Park_Wetland_Restoration.pdf. Accessed March 

13, 2008. 

———. 2011. Wolf Creek – Berger Ditch Corridor Restoration Plan: City of Oregon – Jerusalem Township, Ohio. Toledo, 

Ohio. March 2011. 

———. 2017. TMACOG Areawide Water Quality Management Plan. Toledo, Ohio. July 2017. 

https://oceanservice.noaa.gov/facts/seiche.html
http://www.oregonohio.org/2025-master-plan.html
http://www.tmacog.org/Environment/MBBT/Maumee_Bay_State_Park_Wetland_Restoration.pdf


Berger Ditch NPS-IS   

54 

UT (University of Toledo). 2016. Reduction of Sediment and Bacteria Loading to Public Beaches at Maumee Bay State 

Park via Enhanced Riparian Habitat. GL-00E01148. Final Report. UT, Department of Environmental Services, 

Environmental Remediation and Restoration Laboratory. Toledo, Ohio. December 2016. 

———. 2017. Maumee AOC-Wolf Creek Watershed: Passive Treatment Wetland to Improve Nearshore Health and 

Reduce Nonpoint Source Pollutants. GL-00E00823-0. Final Report. UT, Department of Environmental Services, 

Environmental Remediation and Restoration Laboratory. Toledo, Ohio. 

Williams, M.R., K.W. King, and N.R. Fausey. 2015. Drainage water management effects on tile discharge and water 

quality. Agricultural Water Management 148: 43-51. 


