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1.0 Introduction 
In 2020, an Ohio EPA Section 319 grant was awarded to Chagrin River Watershed Partners (CRWP) on 

behalf of the Central Lake Erie Basin Collaborative (Collaborative) network. The Collaborative is a network 

of organizations and initiatives that work together to protect watershed health and sustainable 

stormwater solutions for Lake Erie and its tributaries from the Sandusky Bay Watershed to the Conneaut 

Creek Watershed in northwestern Pennsylvania. The Collaborative network includes watershed 

organizations and initiatives which serve communities across 16 northern Ohio counties draining to Lake 

Erie. 

This grant supports regional technical services to Collaborative groups, in addition to support for specific 

programs, such as the Master Rain Gardener Program and Cuyahoga Soil and Water Conservation District 

stream maintenance workshops. This grant also supports the development of a screening tool for 

stormwater basin retrofit opportunities with a suite of basin retrofit conceptual plans and cost estimates 

appropriate for northeast Ohio. In Fall 2020, the Collaborative issued a competitive Request for Proposal 

process for the development of the screening tool, and Sustainable Streams was selected. Under the 319 

grant, Sustainable Streams developed a screening tool for stormwater basin retrofit opportunities 

throughout the Collaborative’s network.  

Basin retrofits can be a cost-effective tool for watershed restoration. Implementation goals can be tailored 

to the community, and may include addressing localized flooding, erosion, and associated water quality 

impacts on downstream waters. Based on input from the Collaborative, excess stream erosion is a fairly 

common issue in developed watersheds in the region, impacting water quality, habitat, property and 

infrastructure.  Simple, inexpensive retrofits such as the “Detain H2O” (co-patented between the USEPA 

and Sustainable Streams; Hawley et al., 2019) have been documented to prolong base flows (Hawley et 

al., 2017), reduce streambed erosion and shift the stream from a degradational trajectory to an 

aggregational/recovery trajectory (Hawley et al., 2020) while improving bank stability and habitat scores 

(Hawley, 2021).  

2.0 Goals and Objectives 
The purpose of the screening tool is to determine the feasibility and effectiveness of potential stormwater 

basin retrofit approaches and provide a decision process that Collaborative organizations and their 

partners can apply to a particular basin or combination of basins. 

Specific objectives of the contract included: 

• Development of a useable screening tool across watersheds with a variety of available data, 

supplemented with conceptual plans/cost estimates. 

• Characterization of two or three pilot watershed(s) using the tool. 

• Completion of a training workshop for Collaborative organizations/partners to share the tool. 

3.0 Tool for Identifying Basin Retrofit Potential 
Through months of collaboration between Sustainable Streams and the Collaborative, a decision tree was 

developed to assist with the rapid identification of basins or stormwater control measures (SCMs) that 

have a higher likelihood to be able to implement cost-effective retrofits that can contribute to watershed-
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scale improvements in flood/erosion reduction and/or water quality improvements. Similar to other 

screening tools in the stormwater management field (e.g. Bledsoe et al., 2012), the decision tree 

framework was conceptualized to be used at the “pre-engineering” level in order to rapidly identify basins 

that are more likely to be worth the investment of engineering analysis for retrofit designs.  The screening 

tool includes early “off ramps” to help facilitate rapid decisions and assist managers with prioritizing cost-

effective opportunities via a transparent flow of logic, supported by this guidance document.   

The decision tree can be applied to any basin or SCM at the individual level.  Additional supporting 

guidance in this document and the training workshop provides insights related to how a watershed 

manager might select a watershed or subwatershed that is more likely to be improved with basin retrofits 

versus a watershed that may be more conducive to other watershed-scale restoration strategies such as 

bankfull/floodplain wetlands, in-stream restoration, the construction of new SCMs, etc. (Figure 1; 

Sustainable Streams and USFW, 2020).   

Although more studies are needed across more watershed settings (Hawley et al., In revision), trajectories 

of geomorphic recovery have been observed where retrofitting effectively manages ~50% of the total 

impervious area and ~10% of the total drainage area to the recovering streams (Hawley, 2021).  The ability 

of the stream to transition to a trajectory of 

geomorphic recovery, and how long that 

recovery takes will depend on a number of 

factors such as weather, channel evolution 

stage, age/timing of development, and 

whether the streambed material is coarse 

or fine (e.g. Utz et al., 2016; Hawley et al., In 

revision).    

The decision tree for an individual 

basin/SCM is presented in Figure 2. It is 

important to note that before implementing 

any basin retrofit, an engineer should 

complete detailed modeling to confirm the 

basin’s ability to be retrofit and determine 

the optimal retrofit configuration for the 

basin(s) of interest. This tool is meant to 

provide a screening-level analysis to identify 

potential retrofit candidates based on best 

available data. A glossary has been included 

in Appendix A to assist with understanding 

the terms in the decision tree. Additional 

detail on the types of retrofits described in 

the decision tree, along with the data needs 

and instructions on how to use the tool are 

described in the following sections.   

Figure 1. Conceptual exhibit of how basin retrofits may complement 
other watershed-scale restoration strategies to facilitate in-stream 

improvements (adapted from Sustainable Streams and USFWS, 
2020) 
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 Figure 2. Basin Retrofit Potential Decision Tree 
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4.0 Types of Retrofits 
With limited resources to facilitate stream improvements on what are likely thousands of miles of streams 

with erosion problems, one of the primary goals of the tool is to route the users to what are likely to be 

highly cost-effective basin retrofits.  That can take the form of inexpensive retrofits applied to any sized 

basin or more expensive retrofits applied to large basins that control a substantial portion of the 

watershed’s drainage area or impervious area.  The three main types of retrofits that are evaluated with 

the tool are described in detail in the following paragraphs: 1) V-notch weir (or equivalent); 2) Restriction-

style modifications, and 3) Expensive retrofits. The overall goal of all retrofits is to hold back more 

stormwater runoff during as many storms as feasible and restrict their discharges to flows that do not 

cause erosion or water quality impacts, while maintaining a similar level of flood control performance to 

the pre-retrofit condition for large events such as the 100-year storm.   

Applied to stormwater basin outlets, a V-notch weir (Figure 3) is a triangular-shaped (or “V” shaped) 

orifice located on the side of an outlet structure. As a retrofit, the V-notch weir can serve as a new low-

flow orifice, lowering the permanent pool in a wet/retention basin and thus increasing its storage volume. 

Depending on the configuration of the outlet structure and the detailed modeling results, alternatives to 

a V-notch weir that may provide similar benefits include small orifices (Figure 4) or a narrow slot. These 

retrofits are relatively low-cost, typically ranging from ~$1,000 to ~$3,000 to install.  A conceptual design 

of a V-notch weir is included in Appendix B. 

 
Restriction-style modifications throttle back the flows more than the existing outlet. Relatively 

inexpensive and simple modifications can include steel restrictor plates, the DetainH2O device, or other 

simple manufactured devices. Steel restrictor plates (Figure 5) are installed over part or all of an existing 

Figure 3. Modifications to an existing outlet control 
structure showing the addition of a V-notch weir to 

lower the water surface and expand the storage 
volume. 

Figure 4. Small weep holes may serve as an 
alternative to a V-notch weir to lower the 

water surface and provide a slow release of 
flows from small storm events. 

Photo courtesy of Strand Associates, Inc. 
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orifice on an outlet structure to reduce or stop the discharge via that opening. DetainH2O (Figure 6) is a 

manufactured device that is intended to cost-effectively reduce the erosive power of more common 

events (e.g. < ~2-year event) while the passive bypass helps to maintain the pond’s flood control 

performance during larger storm events (e.g. the 100-year event is still contained within the basin). Costs 

to implement these retrofits can range between ~$1,000 and $10,000. Several conceptual designs of 

restriction-style retrofits are included in Appendix B. 

 

Lastly, more expensive retrofits provide nearly an endless range of options, including but not limited to, 

expanded storage via excavation (Figure 7) and improvement or installation of an engineered spillway. 

These retrofits will range in cost based on the scale of the excavation as well as access and site restoration. 

For a moderately sized basin, these costs could range from ~$10,000 to $50,000. A conceptual design of 

a retrofitted basin that included excavation and new rock/underdrain is included in Appendix B. Real-time 

control (RTC, Figure 8) is another large/expensive retrofit alternative for select basins. RTC can be used to 

draw down the water surface in a basin in advance of storms, such that the runoff during the storm returns 

the water level to the desired permanent pool surface. Not only can this technology help to reduce 

downstream erosion, but it can also help lower overtopping risks associated with extreme events. This 

technology can be quite an investment, with capital costs in the ~$25,000 to $100,000 range and yearly 

operating costs of ~$10,000 to $20,000. These costs are dependent on the company and the amount of 

weather tracking/coding adjustments that are necessary. For such a large investment, this retrofit 

technology is likely to only be cost-effective in basins that control a large portion of the drainage area 

and/or impervious area in a watershed.  

Figure 5. Steel restrictor plates 
installed on low flow orifice/headwall 

and outlet control structure. 

Figure 6. DetainH2O retrofit installed 
in existing low-flow orifice. 



Stormwater Basin Retrofit Opportunities Screening Tool  August 2021 
Guidance Document 

Prepared by Sustainable Streams, LLC  page 6 

 

5.0 Data Needs for the Decision Tree 
To apply the decision tree to a single basin or every basin in a watershed, information must be available 

on the basins. The following subsections outline the data necessary for each step of the decision tree and 

possible locations of that data. Furthermore, if the data are not available, potential sources of data 

generation are also discussed. 

List of SCMs to Evaluate 

In order to complete a watershed-wide evaluation of SCMs, a complete list/database of all features is 

necessary. If this is not already available, a desktop-level review of the watershed is recommended to 

identify all basins via aerial imagery. For further detail on this task, review the provided information in 

Appendix C or watch the Pond Identification Tips & Tools Module (Appendix D). 

SCM Type 

Basin type has a large impact on the potential retrofit opportunities that could be available. A wet basin, 

also known as a retention basin, has a permanent pool elevation, meaning that water is permanently in 

the basin. The ponded area is not part of the storage volume (i.e. the basin’s storage capacity is located 

between the permanent pool’s water surface elevation and the top of the basin). A dry basin, or a 

detention basin, does not permanently hold water. These SCMs are often mowed and may include a 

concrete channel in the bottom. Examples of these are included in Figure 9. Lastly, basins may be present 

in a watershed that have been constructed for non-stormwater-related purposes, such as aesthetics or 

farming needs. Although unlikely to materialize into a priority candidate, these basins may remain in the 

database for further evaluation, if desired.  

Figure 7. Basin retrofit that includes excavation (for 
greater storage), underdrains, a new structure, and rock 

armoring 

Figure 8. Schematic of real-time control 
device 

Photo courtesy of Strand Associates, Inc. 

Control panel and 
solar panel 

Actuated valve used to lower 
water before rain events 



Stormwater Basin Retrofit Opportunities Screening Tool  August 2021 
Guidance Document 

Prepared by Sustainable Streams, LLC  page 7 

To determine the type of 

basin, aerial imagery 

may be used. When 

unclear from aerial 

imagery, Google Street 

View (or equivalent), a 

windshield survey (i.e. 

driving the watershed), 

or other inherent 

knowledge may be 

utilized to gather the 

data. In addition to basin 

identification, the 

information provided in 

Appendix C discusses 

tools for identifying 

basin type. 

Outlet Structure Configuration 

The configuration of the outlet structure is one criterion to evaluate to understand the available retrofit 

strategies at a specific basin. Some of the most common basin outlets are a culvert (with or without a 

headwall), a channel or spillway, a concrete box structure, and an underdrain system (often to achieve 

water quality requirements) (Figure 10).  

 

All types of outlets may be retrofitted, although the type of retrofit can vary in both implementation cost 

and level of disturbance. A concrete box structure will often provide for the simplest retrofits, consisting 

of V-notch weirs, new orifices and/or steel restrictor plates. Steel restrictor plates and manufactured 

devices may be used for culvert outlets. For both culverts and channels, real-time control devices may be 

necessary unless there is room to excavate a larger basin, improve the spillway, or the basin already had 

an exceptional level of freeboard, etc.  

 

 

Figure 10. Basin outlet configurations, including from left to right: culvert with headwall, channel outlet, box 
structure, and underdrain system with box structure. 

Figure 9. Wet, or retention, basins (top) and dry, or detention, basins (bottom) 
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Freeboard and Downstream Risks 

Most communities have a freeboard requirement in their stormwater regulations that requires excess 

storage in the basin over and above the largest design storm (Figure 11), often one foot between the 100-

year design storm ponding depth and the top of the berm. Considering safety for infrastructure and 

property around the basins, it is important to maintain the existing freeboard level of service in the basin 

with any retrofit. For basins that do not appear to have adequate freeboard, simple retrofits are not 

recommended except in the case of a retention basin where the permanent pool can be lowered with a 

V-notch weir or equivalent. 

 
Figure 11. Depiction of available freeboard in a basin 

To determine the amount of freeboard, it is necessary to model the basin. For the purposes of preliminary 

screening and prioritization of basins in a community or watershed, one may review existing stormwater 

calculations that may be available from when the basin was constructed. If those are unavailable, two 

screening-level methods can be used to better understand the likelihood that a basin may have adequate 

freeboard. 

The first surrogate metric in the absence of having the available freeboard from detailed calculations is to 

evaluate the potential rainfall capture. The potential rainfall capture compares a basin’s storage volume 

to its drainage area via the simple equation below. The resulting “depth” is a theoretical expression of 

how much rainfall the basin could hold without any release. Every community, basin, and GIS contour 

database may be different, but a rough approximation based on previous retrofitting projects is that a 

potential rainfall capture depth of one inch may indicate adequate freeboard in the basin, whereas a 

potential rainfall capture depth over two inches is fairly likely to indicate adequate freeboard. 

𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑅𝑎𝑖𝑛𝑓𝑎𝑙𝑙 𝐶𝑎𝑝𝑡𝑢𝑟𝑒 = 𝑉
𝐴⁄ ∗ 12 

 
Where:  Potential Rainfall Capture = rainfall depth across the drainage area held in 

the basin without release, in inches 

 V = Storage volume of basin, in acre-feet 

 A = Drainage area size, in acres 

The drainage area and storage volume of each basin should be available in stormwater calculations of the 

basin, if available. If not available, the drainage area can be delineated with contours and stormwater 
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infrastructure, and the storage volume can be calculated using available contours. Refer to the modules 

on these topics (see Appendix D) for further information. If contours are not readily available through the 

community’s GIS database, elevation data can be obtained through the state’s OGRIP website and 

converted to contours using ArcMap extensions or free, online GIS tools. 

The second surrogate in the absence of detailed freeboard information is to review the age of the basin 

and/or the age of the imperviousness surrounding the basin. This is because the sweet spot for highly 

economical retrofits (i.e., outlet structure modifications with no grading) are those that were sized to 

contain the 100-year event with adequate freeboard. This date will likely vary by community. It is not to 

say that basins without adequate freeboard cannot be retrofitted, but that simple restriction-style 

retrofits may not be appropriate without other basin upgrades (or the ability to lower the permanent pool 

in a retention basin).   

To assist with this “age of basin” concept at the regional scale, Sustainable Streams performed a rapid 

analysis across the Collaborative’s service area to identify watersheds that had a large amount of change 

in imperviousness between 2001 and 2016 (available from the Multi-Resolution Land Characteristics 

(MRLC) Consortium) to help the Collaborative visualize watersheds that had appreciable development 

since ~2000.   Although every community may vary, the effort (or a similar effort performed with date 

ranges that are more tailored to a local stormwater utility’s policy history) helps to quickly screen through 

many thousands of potential candidates to find candidate basins that may be more likely to have adequate 

freeboard for economical retrofits. 

Basins constructed prior to when freeboard criteria were implemented for the 100-year event may be 

challenging to retrofit with low-cost restriction-style retrofits 

because they can be undersized even for basic flood protection. 

For example, some basins may have only been sized to contain 

the 25- or 50-year events.  In other cases, basins may have not 

been constructed as large as designed (which is why some 

communities now require developers to provide stamped as-

built drawings to verify that the basins were constructed per 

the design plans). Without adequate freeboard for the 100-

year event (or without a suitable engineered spillway (Figure 

12) or the ability to lower the permanent pool in a wet pond), 

Professional Engineers may be unlikely to stamp a restriction-

style retrofit that made a basin more likely to be overtopped during standard design storms such as the 

50- or 100-year event unless there is a suitable spillway and/or there are no downstream safety risks.   

One of the biggest safety risks to keep in mind when evaluating basins is to consider the lives, structures, 

facilities, etc. downstream that could be impacted during an overtopping event. For example, if a basin is 

overtopped with enough energy, the overtopping flows could erode through the berm, destroying the 

basin and sending a flood wave downstream. Especially in the context of climate change, communities 

may want to prioritize a systematic risk assessment of undersized basins and potentially consider more 

substantial upgrades to make them more resilient against extreme events. 

  

Figure 12. Engineered spillway 
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Summary of Data Needs 

To summarize, the tool uses the following information that should be populated before applying the tool. 

When complete data is not available, the tool user should evaluate the basin as much as possible based 

on the available information, but it may be prudent to re-visit the evaluation if and when additional 

information is available.  

• Inventory of basins to be evaluated 

• Basin type (i.e., wet, dry, not for stormwater purposes) 

• Outlet structure configuration 

• Year of construction  

• Available freeboard 

• Engineered spillway and/or apparent downstream safety risks 

• Drainage area 

• Storage volume 

6.0 Use of the Decision Tree 
Once basin data is gathered or synthesized, the decision tree (Figure 2) can be applied to gain insights into 

retrofits that have the potential to be implemented. To aid in application of the decision tree, each step 

below includes the symbol and text from the decision tree itself.  

To begin, all wet basins should be identified and evaluated. All dry 

basins and those not for stormwater management purposes will be 

evaluated later in the decision tree. 

For all identified wet basins, an evaluation of the outlet control 

structure must be completed to understand the ability to lower the 

basin’s permanent pool. An outlet control structure is considered 

conducive to lowering the permanent pool elevation if it is a concrete 

outlet structure that has the ability to add an orifice (e.g. V-notch weir 

(Figure 3) or equivalent) below the existing water surface to 

permanently lower the water surface. Culvert and channel outlets do 

not typically provide the ability to cost-effectively lower the water 

surface because they would likely require excavation and/or the 

installation of a new structure. The intent of these retrofits is to lower 

the level of the permanent pool (i.e., less standing water in the basin), 

which provides additional storage volume that can be utilized during 

storm events. By increasing the storage volume in the basin, freeboard 

should increase or remain relatively unchanged across all design 

storms. Additionally, the V-notch configuration can be expected to 

reduce the magnitude of erosive flows that are discharged during many 

storm events. It can also extend the duration of low flows from the 

pond, thereby increasing baseflows in the receiving channel, which can 

lead to improved water quality and biotic integrity.  

Is the SCM a wet 
(retention) basin? 

 

Ability to 
lower the 

permanent 
pool? 

 
Evaluate V-notch weir 
retrofit or equivalent 
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If the basin is a wet basin, but the permanent pool elevation cannot be 

lowered via a simple structure modification (e.g. channel or culvert 

outlet), or if the basin is a dry detention basin, then the available 

freeboard is evaluated. As discussed in Section 5.0, using the freeboard 

depth from the design calculations or a reasonable method to 

determine the likelihood of adequate freeboard (e.g. potential rainfall 

capture depth and/or date of basin construction) can inform this 

screening stage. Should the freeboard depth be greater than one foot, 

or the potential rainfall capture depth be larger than one inch and the 

date of basin construction align with regulations that included 

freeboard in the 100-year event, the basin screens out as a potential 

candidate for a simple restriction-style retrofit, such as steel restrictor 

plates (Figure 5), DetainH2O (Figure 6), or other simple devices, 

pending future engineering analysis at the detailed design phase.  

There may be cases where the freeboard does not appear to meet the 

criteria outlined above, but it is known that the basin has an engineered 

spillway (Figure 12) that is suitable for passing large events. It may also 

be acceptable to reduce the available freeboard when there are no 

downstream safety risks (see Section 5.0). In these cases, simple 

restriction-style retrofits may also be appropriate. 

After evaluating the most cost-effective modifications for retrofitting 

basins, the case may be made for advancing more complex retrofits. 

For basins that intercept a large portion of the watershed’s drainage 

area and/or impervious area, the costs and benefits of implementing a 

more expensive retrofit, such as expanded storage via excavation 

(Figure 7) or RTC (Figure 8), should be evaluated. In past analyses, 

Sustainable Streams found that the level of control that coincided with 

inducing geomorphic recovery is to effectively manage ~25-50% of the 

total impervious area of a watershed or ~5-10% of the total catchment 

area. Therefore, something to keep in mind when evaluating more 

expensive retrofit candidates is whether the basin (or a handful of 

basins) substantially contributes to that overall level of control for the 

entire watershed. 

Finally, those basins that do not appear to screen out as candidates for 

the retrofits discussed above should be placed on a list for re-

evaluation at a later date. In the future, new information could become 

available that supersedes the information utilized for this analysis, 

resulting in a potential retrofit becoming feasible. Furthermore, after 

the initial basins are evaluated and implemented, the remaining basins 

may still be retrofitted to achieve watershed improvements, although 

 

Catalog the basin for re-
evaluation as a lower tier 

retrofit candidate following 
implementation of first tier 

priority retrofits. 

 

Adequate 
freeboard at 

Q100 to restrict 
the low flow 

outlet without 
grading? 

 

Evaluate simple restriction-
style outlet (e.g. DetainH2O, 

plates, etc.) 

 

Suitable 
engineered 

spillway 
and/or no 

downstream 
safety risks? 

 

 

Large basin 
that intercepts 
large portion 

of watershed’s 
impervious 

area? 
 

 

Consider the costs and 
benefits of the more 

expensive retrofits (e.g. 
larger storage/spillway 

upgrades with flow 
restriction, RTC, etc.) 
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they would be unlikely to be as cost-effective as those initially identified.  Other stakeholder/feasibility 

factors such as opportunities for partnerships or other styles of retrofits (e.g. conversion to a 

stream/wetland complex, etc.) may also result in a basin from this category being advanced to 

implementation. 

7.0 Implementation Next Steps 
To continue toward retrofit implementation, the following steps could be completed after the screening 

exercise. First and foremost, it is extremely important to visit the basins that are identified as potential 

retrofit candidates to confirm the basin type, outlet configuration assumptions, presence of a spillway, 

etc. While at the basin, measurements of the outlet structure could be collected to assist during modeling 

and design. See Appendix E for an example field form for this effort as well as a completed example. It is 

important to dimension each orifice/outlet and measure its distance in relation to a known elevation (e.g. 

permanent pool elevation, bottom of basin, etc.). A sketch of the outlet structure as well as photographs 

of the overall basin and the outlet(s) are also extremely useful once back in the office.  

Furthermore, visiting priority 

basins can provide insights on 

maintenance needs at the basin 

(Figure 13). Past basin visits have 

identified construction best 

management practices (BMPs) left 

in place once the site was 

stabilized, clogged outlet 

structures, submerged outlets due 

to tailwater conditions, and 

hanging outfalls that should be 

stabilized. Identified maintenance 

repairs could be addressed at the 

same time as a retrofit, depending 

on severity, speed of 

implementation, and 

partners/funding among other 

factors.  

In tandem with visiting the basin, 

locating design drawings (or as-

builts), stormwater calculations, 

and other available design-related 

documents on the basins is 

recommended, if not completed 

during the screening phase. These documents can provide confirmation of the data developed during the 

screening effort or highlight data that conflict and should be further evaluated. 

Figure 13. Example maintenance issues identified during basin field 
visits, including construction BMPs left in place once the site was 

stabilized (upper left), clogged outlet structures (upper right), 
hanging outfalls that should be stabilized (lower left), and 

submerged outlets due to tailwater conditions (lower right). 
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At this time, if not before, a Professional Engineer should be employed. Both modeling and design should 

be completed by a licensed professional engineer. Often, a brief memo is also completed with the design 

to document the updated stormwater modeling results from the retrofit. During this effort, the engineer 

should evaluate the available freeboard in the basin, downstream risks should the basin overtop, and the 

feasibility of meeting the goals of the retrofit(s).  

With a goal of reducing downstream erosion, the retrofit design should reduce the outflow from the basin 

to be under the critical discharge threshold for streambed erosion (Qcritical) for as many storm events as 

possible while maintaining an appropriate level of service during large storm events. The Qcritical threshold 

is the approximate flow at which the erosive power of a stream is strong enough to induce erosion in the 

receiving stream(s). Although more data from more watersheds is needed, the preliminary regional 

estimate of Qcritical for northeastern Ohio is ~40% of the 2-year undeveloped discharge (Q2). It is important 

to note that the undeveloped Q2 should be determined for a scenario with 100% pervious surfaces (i.e. 

before any development occurred). For more comprehensive information, refer to Hawley and Vietz 

(2016); Hawley et al. (2017); Sustainable Streams and USFWS (2020); and Hawley et al. (In review). 

Depending on basin ownership and maintenance agreements, it will also be necessary to coordinate with 

the property/basin owner for permission to complete the retrofit. Such property owner engagement will 

likely be critical to the overall retrofit program success, underscoring the value of the partnerships and 

trust that watershed groups commonly develop in their communities.  In watersheds with limited funding 

for engagement and/or less established partnerships, it may be beneficial to begin retrofit efforts with 

publicly owned basins to reduce the amount of coordination time required during the initial phases of a 

retrofit program. Implementation of “early success” retrofits and associated media coverage/visibility 

may help to facilitate trust building among additional partners and broader implementation efforts. 

8.0 Pilot Watersheds Applications of the Decision Tree 
One of the objectives of the project was to characterize two or three pilot watershed(s) using the tool. A 

preliminary analysis of the HUC12 watersheds throughout the Collaborative’s extents, along with 

discussions with a steering committee of Collaborative members, informed the identification of 

watersheds that may be strong candidates for piloting the tool.  

Using available data from national organizations, the impervious cover for 2001, 2006, 2011, and 2016 

and the percent change between these years were calculated. Initial analysis of recent imperviousness, 

or the impervious cover that was added roughly between 2001 and the most recent imperviousness data 

in 2016, identified four HUC12s with an increase in impervious between 3% and 5.5% (largest increase) 

over that time period. This includes French Creek (↑5.4%), Heider Ditch-Frontal Lake Erie (↑4.6%), Baker 

Creek-West Branch Rocky River (↑3.2%) and Rocky River (↑3.1%). The change in impervious was used as 

a rapid screening-level indicator of watersheds that may meet the present-day freeboard requirements 

and provide enough storage to maintain freeboard levels while reducing discharges from smaller storms. 

It should be said that each community is different, including how stormwater regulations have been 

embraced and changed over the years. This analysis was not meant to limit the results of any screening 

analysis but helped to locate watersheds that may have a fair amount of low-cost retrofit candidates due 

to a higher likelihood of meeting current freeboard standards.  
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The steering committee provided several considerations for pilot watershed selection. Across the region, 

available information can vary, and identifying watersheds with available data could reduce the time it 

takes to generate the data. Discussions included watersheds with organization and momentum that made 

them more likely to utilize the results of this effort to compete for implementation grants that facilitate 

an “early success” project that documents the recovery of a regional stream following the implementation 

of basin retrofits. Another goal of the pilot watershed selection was to be able to showcase a range of 

watershed types, implementation measures, and retrofit strategies to help tool users see how retrofitting 

might be applied across the diversity of settings across the region.  

This led to an initial list of seven candidate HUC12s (Figure 14), including the four with the largest increase 

in imperviousness between 2001 and 2016, along with HUC12s covering the City of Norwalk, Town of 

Willoughby-Chagrin River, and McFarland Creek-Aurora Branch. 

 

Through further discussions with the steering committee, it was determined that the pilot analyses would 

focus on smaller subwatersheds within three HUC12s: the Ward Creek Subwatershed within the Town of 

Willoughby-Chagrin River HUC12, an unnamed tributary to West Branch Rocky River Subwatershed within 

the Baker Creek-West Branch Rocky River HUC12, and the Jungbluth Ditch Subwatershed within the 

French Creek HUC12.  

Full details of the decision tree process for the three selected watersheds have been included in Appendix 

F. A summary of the results for each watershed is below. These results are based on best available data, 

further detailed below. 

 

 

Figure 14. The Central Lake Erie Basin Collaborative network, shown by HUC12, the location of seven candidate 
watersheds, and three pilot subwatersheds 
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Ward Creek Subwatershed 

The Ward Creek Subwatershed drains ~6,370 acres, of which ~1,860 acres (29%) are impervious according 

to the most recently available (2016) national data. Much of the development appeared to occur prior to 

~2000, with the percentage of impervious area increasing by just 2.0% between 2001 and 2016. Although 

we did not know the exact timeline of stormwater detention requirements relative to the age of the 

developments, 86% of the subwatershed’s impervious area is intercepted by basins suggesting that some 

level of detention requirements was in place during a large portion of the watershed’s developments. 

A total of 95 basins were identified in the Ward Creek Subwatershed, including 52 wet basins, 31 dry 

basins, and 12 basins that were not likely constructed for stormwater management. Of the 52 wet basins, 

nine were found to be likely candidates for V-notch weir retrofits (controlling ~4% of the subwatershed 

area and ~5% of the subwatershed’s impervious area), and an additional 30 wet basins were 

indeterminate due to outlet structure configuration being unknown. These screening tool results at the 

desktop level do not consider feasibility factors such as stakeholder willingness to lower the basin’s water 

surface. Out of the 95 total basins, 26 appear to be candidates for low-flow restriction retrofits (controlling 

~10% of the subwatershed area and ~11% of the subwatershed’s impervious area). Feasibility factors, 

such as freeboard, spillway, etc., and overtopping risks should be evaluated by a licensed engineer during 

detailed design to confirm these candidates. There are four basins that intercepts large portions of the 

subwatershed (controlling ~74% of the subwatershed area and ~79% of subwatershed’s impervious area) 

and could be candidates for expensive retrofits. Again, these candidates are dependent upon stakeholder, 

feasibility, and budget factors. Forty-six basins have been cataloged for later consideration.  

These basins were identified through a combination of visual identification and Lake County Stormwater 

Management Department basin inspection data shapefiles. Drainage areas were delineated and storage 

volumes were calculated using available elevation data through the state’s OGRIP database. Stormwater 

infrastructure, design drawings, and stormwater calculations were not available, but would be important 

pieces of information during the detailed design phase (e.g. confirming/revising drainage areas, 

freeboard, etc.). Approximately five basins overlapped with the Northeast Ohio Regional Sewer District’s 

(NEORSD) inventory of stormwater features.  

In sum, there appear to be numerous candidates for low-cost retrofits such as V-notch weirs or restriction-

style retrofits (Figure 15), controlling ~5% and ~11% of the subwatershed’s impervious area, respectively.  

Collectively, these low-cost opportunities appear to intercept ~15% of the subwatershed’s impervious 

area.  Given the age of the development and the coarse streambed material, it is conceivable that 

implementing enough of these low-cost opportunities could help to eventually facilitate geomorphic 

recovery, particularly if they were complemented by other improvements such as installation of large 

wood, riparian reforestation, etc.  An alternative or potentially complementary approach would be to 

pursue the retrofits of one or more of the four large basins that collectively intercept 79% of the 

subwatershed’s impervious area.  Although the large basin retrofits would likely be expensive, they may 

help to facilitate a much quicker geomorphic recovery in the receiving stream network due to their ability 

to intercept such a large portion of the impervious area.    
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Figure 15. Candidate basins for retrofits within the Ward Creek Subwatershed. 

Unnamed Tributary to West Branch Rocky River Subwatershed  

The Unnamed Tributary to the West Branch Rocky River Subwatershed drains ~2,700 acres, of which ~500 

acres (19%) are impervious according to the most recent data.  This subwatershed not only has less 

impervious area than Ward Creek, but more of its development occurred since ~2000, with the percentage 

of impervious area increasing by 7.0% between 2001 and 2016.  Another difference from Ward Creek is 

that just 54% of the subwatershed’s impervious area is intercepted by basins suggesting that nearly half 

of the developed area in this watershed may have been constructed prior to detention requirements. 

A total of 58 basins were identified in this subwatershed, including 34 wet basins, 15 dry basins, and nine 

basins that were not likely constructed for stormwater management. Of the 34 wet basins, nine were 

found to be likely candidates for V-notch weir retrofits (controlling ~4% of the subwatershed’s area and 

~6% of the subwatershed’s impervious area), and an additional 14 wet basins were indeterminate due to 

outlet structure configuration being unknown. These results do not consider stakeholder willingness to 

lower the basin’s water surface or other feasibility factors. Out of the 58 total basins, 19 appear to be 

candidates for low-flow restriction retrofits, controlling up to 23% of the subwatershed’s area and 36% of 

the subwatershed’s impervious area depending on feasibility factors such as freeboard, spillway, 

overtopping risks, etc. that should be evaluated by a licensed engineer during detailed design. There are 
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two basins that control large portions of the subwatershed (controlling ~12% of the subwatershed’s area 

and ~18% of subwatershed’s impervious area) and could be candidates for expensive retrofits, depending 

on stakeholder, feasibility, and budget factors. Twenty-three basins have been cataloged for later 

consideration.  

These basins were identified through a combination of visual identification and NEORSD shapefiles. 

Drainage areas were delineated and storage volumes were calculated using available elevation data 

through the state’s OGRIP database when these data were not available through NEORSD’s inventory of 

drawings and calculations. Approximately 41 basins overlapped with the Northeast Ohio Regional Sewer 

District’s (NEORSD) inventory of stormwater features.  

 
Figure 16. Candidate basins for retrofits within the Unnamed Tributary to West Branch Rocky River 

Subwatershed. 

In sum, this subwatershed appears to be a good opportunity for simple restriction-style retrofits (Figure 

16), with the ability to effectively manage up to ~36% of the subwatershed’s impervious area depending 

on feasibility factors.  Several basins are also candidates for V-notch weirs, suggesting that nearly ~39% of 

the subwatershed’s impervious area could potentially be managed by low-cost retrofits. Two of the 

restriction-style retrofit candidates are so large (collectively controlling 18% of the subwatershed’s 

impervious area) that they could be candidates for more expensive retrofits if feasibility factors make 



Stormwater Basin Retrofit Opportunities Screening Tool  August 2021 
Guidance Document 

Prepared by Sustainable Streams, LLC  page 18 

them challenging to implement low-cost restriction-style retrofits. Depending on how many of the retrofit 

opportunities are able to be implemented, this subwatershed could also be complemented by other 

improvements such as installation of large wood, riparian reforestation, etc., but it seems that low-cost 

retrofit opportunities could play a substantial role in helping to facilitate a geomorphic recovery in the 

receiving stream network. 

Jungbluth Ditch Subwatershed  

The Jungbluth Ditch subwatershed drains ~2,690 acres, of which ~630 acres (23%) are impervious 

according to 2016 data.  This subwatershed also had a fair amount of development since ~2000, with the 

percentage of impervious area increasing by 10.5% between 2001 and 2016.  Additionally, 67% of the 

subwatershed’s impervious area is intercepted by basins suggesting that much of the developed area was 

constructed when there was at least some level of detention requirements. 

A total of 51 basins were identified in this subwatershed, including 23 wet basins, nine dry basins, and 19 

basins that were not likely constructed for stormwater management. Of the 23 wet basins, just three were 

found to be likely candidates for V-notch weir retrofits; however, they seem like high priority 

opportunities because they collectively control ~12% of the subwatershed’s area and ~22% of the 

subwatershed’s impervious area. Another nine wet basins were indeterminate due to outlet structure 

configuration being unknown. These screening-level results do not consider feasibility factors including 

the stakeholders’ willingness to lower the basin’s water surface. Out of the 51 total basins, 15 appear to 

be candidates for low-flow restriction retrofits, controlling up to 21% of the subwatershed’s area and 27% 

of the subwatershed’s impervious area, depending on further evaluation/feasibility factors (e.g. 

freeboard, spillway, overtopping risks, etc.) that should be evaluated by a licensed engineer during the 

detailed design phase. There are eight basins that control large portions of the subwatershed (controlling 

~47% of the subwatershed’s area and ~58% of the subwatershed’s impervious area) and could be 

candidates for expensive retrofits, contingent upon stakeholder, feasibility, and budget factors, etc. Nine 

basins have been cataloged for later consideration.  

These basins were identified through visual identification. Drainage areas were delineated and storage 

volumes were calculated using available elevation data through the state’s OGRIP database. Stormwater 

infrastructure, design drawings, and stormwater calculations were not available, but would be important 

during the design phase to verify/revise drainage areas, basin storage volumes, freeboard, etc.  

In sum, the Jungbluth Ditch Subwatershed also appears to be a very good opportunity for low-cost 

retrofits (Figure 17), with candidates for simple restriction-style retrofits and V-notch weirs collectively 

controlling up to ~42% of the subwatershed’s impervious area depending on feasibility factors.  In the 

event that feasibility factors limit the implementation of some of the lower-cost opportunities, eight large 

basins intercept a total of 58% of the subwatershed’s impervious area.  The Jungbluth Ditch subwatershed 

is unique in that the preliminary target of effectively managing ~25 to 50% of the watershed’s impervious 

area could be reached by exclusively low-cost retrofits or a handful of expensive retrofits, or any 

combination along that gradient.  
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Figure 17. Candidate basins for retrofits within the Jungbluth Ditch Subwatershed. 

9.0 Conclusions 
The decision tree provided herein can be a useful tool for relatively quick screening and prioritization of 

numerous basins across a geographical or hydrologic area. The tool should not replace detailed 

engineering and modeling but can be used by people with a variety of backgrounds as a means to reduce 

the time (and associated costs) of retrofitting programs by focusing stakeholder outreach, detailed design, 

and other implementation efforts on candidate basins that are most likely to be cost-effective at 

contributing to watershed-scale improvements in receiving streams.  

Regarding implementation strategies, more data is needed to develop an inventory of retrofit case studies 

to refine management targets, but the most important variable is likely to be controlling enough of the 

drainage area and impervious area to meaningfully reduce the erosive energy of the flow regime to the 

stream of interest.  Until additional data is collected, managers could use a preliminary target of 

adequately managing ~25-50% of the impervious area and/or ~5-10% of the drainage area to the stream 

reach of concern, consistent with the level of control that was achieved in the USEPA/ORD pilot retrofit 

study summarized by Hawley et al. (2017) and Hawley (2021).  In the three pilot studies evaluated herein, 

Ward Creek could probably only reach the ~25-50% impervious area management target by including at 

least one large/expensive retrofit, the Unnamed Tributary to West Branch Rocky River could potentially 
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reach the target exclusively with low-cost retrofits, and Jungbluth Ditch could reach the target with either 

numerous low-cost retrofits or a handful of expensive retrofits, or any combination thereof. 

Similar to what was documented in the USEPA/ORD retrofit study mentioned above, recovery should not 

be measured in days and weeks, but in the years that follow implementation. Indeed, the period 

immediately after the retrofit may see additional bank erosion exactly because of the switch from a 

degradational trajectory (downcutting & widening) to an aggradational trajectory (sedimentation and 

additional widening), and the time it takes to build back the bank toe via sedimentation and the still 

additional time required for vegetation to convert unstable sediment bars into stable vegetated benches.  

In a 10-year study at 61 sites, Hawley et al. (2020) showed that average rates of widening were highest 

during aggradational stages (17 cm/yr) compared to degradational stages (9cm/yr) because the sediment 

bars tend to deflect flow into already unstable banks, at least initially.  The important thing to keep in 

mind is that, despite some additional widening, the restored flow regime can help to prevent decades of 

additional downcutting and widening and facilitate a much quicker transition to geomorphic equilibrium 

than would be expected with an unmitigated flow regime.  For example, Hawley (2021) showed the 

recovery trajectory taking only ~5-6 years following the retrofit as opposed to most suburban streams 

that are still unstable ~50 years after development (e.g. Leopold et al., 2005; Hawley et al., 2020).  

 

Figure 18. Examples of hand-placed logs installed on a ~10 to 15-ft wide perennial stream in a collaboration 
between Sustainable Streams, Clermont Co. Soil and Water Conservation District, and Clermont Co. Park District. 

Other complementary interventions that could help facilitate a quicker transition to geomorphic recovery 

could include additional hydrologic restoration efforts such as floodplain wetlands (Sustainable Streams 

and USFWS, 2020), conventional in-stream restoration (Hawley, 2018), and riparian reforestation to 

improve lateral stability (Abernethy and Rutherfurd, 1998) and help resist vertical downcutting (Hawley 

and MacMannis, 2019) among other benefits. Another complementary intervention could be the 

installation of hand-placed log structures, which could be particularly compatible with hydrologic 

restoration projects due to its cost-effectiveness (e.g. ~$10 to 20/ft compared to ~$100 to $500/ft for 

conventional restoration), the limited disturbance and preservation of existing trees compared to 

conventional restoration, and its proven performance at generating habitat lift on small streams (Hawley, 

2021).  Similar to the Collaborative’s Master Gardener program, hand-placed log structures are a highly 

trainable strategy for watershed management groups and volunteers, where installations are only limited 

by access, the availability of wood, and the ability of volunteers to carry large enough logs (e.g. key logs 
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long enough to span the entire channel width and be ramped up out of the bank, preferably behind a live 

tree, Figure 18). 

As with all watershed/stream restoration efforts, managers should attempt to balance feasibility factors 

such as cost, access, and partnership funding with potential benefits and other stakeholder factors such 

as agreeable levels of project risks.  Basin retrofit programs are no panacea, but when implemented at 

adequate levels, can contribute to meaningful improvements in receiving streams at costs that are 

typically order of magnitudes less than more conventional strategies (Hawley et al., 2017).  Managers are 

highly encouraged to implement an adaptive management strategy with retrofit programs that include at 

least some level of post-implementation monitoring (even if it’s just annual visual inspections with photos; 

Sustainable Streams and USFWS, 2020) in order to both refine individual programs and contribute to the 

collective knowledgebase of the stormwater management community. 
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Glossary of Terms 

2-year Flow (Q2) The volumetric discharge (e.g. cubic feet per second) that occurs with an average 

recurrence interval equivalent to once every two years. It has a 50% chance of 

occurring every year. This same definition can be applied to other recurrence 

intervals (e.g. the 10-year discharge has a one in ten (10%) probability of 

occurring in any given year, the 25-year discharge has a one in twenty five (4%) 

chance of occurring in any given year, the 100-year discharge has a one in one 

hundred (1%) chance of occurring in any given year, etc.). It is important to note 

that the conventional methods for estimating the magnitude of such recurrence 

events are based on the discharges that have been observed in the past, making 

them dependent on the record length in a given region. In many cases, 

recurrence interval flows have not yet been updated to account for the recently 

observed increases in more extreme weather events. 

As-built A set of construction drawings submitted by a contractor or engineer upon 

construction completion. The drawings reflect changes made in the field during 

construction. 

Best Management 

Practice (BMP) 

See Stormwater Control Measure. 

Culvert A stormwater conveyance structure under a roadway or driveway that is open 

on the upstream and downstream ends.  

Detention Basin See Dry Basin. 

Dry Basin A type of stormwater control measure that temporarily detains, or holds back, 

stormwater during a storm event, and in some cases, for an extended period of 

time following the event. 

Engineered Spillway A secondary passage for stormwater used when the basin is full. 

Freeboard Available distance between the water surface in the basin during the 100-year 

design storm and the top of the berm/basin embankment. 

Impervious Cover Any type of constructed surface that does not absorb rainfall. 

Orifice An opening of a prescribed shape and size that allows a controlled rate of 

release for discharge from an SCM. 

Outlet Control 

Structure 

A structure that contains one or more orifices for stormwater to exit an SCM. It 

can be “multi-stage” to control the flow of discharge during a variety of storm 

events.  



Stormwater Basin Retrofit Opportunities Screening Tool   
Guidance Document – Appendix A 

Prepared by Sustainable Streams, LLC  page A.2 

Permanent Pool The water surface elevation when stormwater runoff is not in an SCM. Typically, 

this elevation is at the invert (bottom) of the lowest orifice. It may also be called 

the “normal pool”. 

Potential Rainfall 

Capture 

The rainfall depth across the drainage area that could be held in the basin 

without release. 

Professional 

Engineer (PE) 

An engineer licensed by a state board of registration to practice engineering. 

Qcritical The critical discharge for mobilization (erosion) of a majority of a stream’s 

surficial bed material at a given location. 

Real-time Control 

Device (RTC) 

A technology that draws down the water surface in a basin in advance of storms, 

such that the runoff during the storm returns the water level to the desired 

permanent pool surface. 

Restriction-style 

Outlet 

A device used to alter the existing orifices on the outlet of an SCM. This could 

include restrictor plates, riser extensions, Detain H2O inserts, etc.  

Retention Basin See Wet Basin. 

Retrofit A modification made after a facility’s initial construction (in this document, this 

refers to changes to a detention/retention basin or other SCM). 

Stormwater Control 

Measure (SCM) 

A device to manage stormwater runoff. Outside the context of this document, 

general practices, or methods, could also be included.  

V-notch Weir A triangular-shaped (or “V” shaped) orifice located on the side of an outlet 

structure.  

Wet Basin A type of stormwater control measure that permanently retains enough water to 

create a permanent pool/pond, and temporarily detains additional stormwater 

during storm events. 
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RESTRICTION-STYLE RETROFIT



RESTRICTION-STYLE RETROFIT



RESTRICTION-STYLE RETROFIT



V-NOTCH RETROFIT



RESTRICTION-STYLE RETROFIT



RESTRICTION-STYLE RETROFIT



GRADING AND RESTRICTION-STYLE RETROFIT



RESTRICTION-STYLE RETROFIT
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Visual Pond Identification 
Helpful Tips & Tricks
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CLEB – Stormwater Basin Retrofit Opportunities 
Screening Tool Development



Visual Basin Identification Example
Basins can be identified 
quickly by using aerial 
imagery, common pond 
indicators, and visual aids, 
such a hillshade or contours.



Pond ID: A Variety of Options
Any application or 
software that provides 
access to aerial imagery, 
such as Google Earth or a 
GIS (such as Esri ArcGIS) 
can be used for pond 
identification. 



Pond ID: A Variety of Options
If you do not have access to GIS, 
you can import Esri shapefiles (.shp) 
into Google Earth:
1. Select File, then Import…
2. Change the file type to “Esri 

Shape (*.shp) in the dialog box
3. Navigate to location of shapefile 

you’d like to import and click 
Open.

This can be used to import any 
vector file (points, lines, or 

polygons) into Google Earth. 



Presence of Water
A straightforward strategy for 
identifying wet ponds is to use 
aerial imagery to find bodies of 
water throughout the project area.



Presence of Water

Look at all 
these basins!

A straightforward strategy for 
identifying wet ponds is to use 
aerial imagery to find bodies of 
water throughout the project area.



Vegetation
Areas of darker, denser, or even 
brown vegetation can hint at the 
presence of ponds.



Areas of darker, denser, or even 
brown vegetation can hint at the 
presence of ponds.

Vegetation

Look at all 
these basins!



Structures: Inlet/Outlet Structures
There are various structures that 
are common features of basins that 
can help identify them.



Structures: Inlet/Outlet Structures
There are various structures that 
are common features of basins that 
can help identify them.

The concrete inlet/outlet 
structures in these basins can 
provide confidence to pond 

identification.



Structures: Trickle Channels
A structure characteristic of many 
dry basins is a trickle channel.
Trickle channels help convey low 
flows to the basin’s outlet.



Structures: Trickle Channels

These trickle channels make 
it much easier to identify dry 
basins that might not be so 

obvious. 

A structure characteristic of many 
dry basins is a trickle channel.
Trickle channels help convey low 
flows to the basin’s outlet.



Contours can be used as an 
identification aid. The presence of 
closed contours can help call 
attention to existing basins.

Contours



Contours

When you see closed 
contours, it is either a 

hill/berm (left) or a 
pond/depression 

(right.)

You can clearly see 
the closed contours 
that make up this 

basin.

Contours can be used as an 
identification aid. The presence of 
closed contours can help call 
attention to existing basins.



Hillshade
Hillshade can be developed from a 
digital elevation model (DEM). This 
3D representation of the surface 
conveys the “texture” of the terrain, 
making it easy to notice depression.



Hillshade

Pond depressions 
identified by tops of berms.

Hillshade can be developed from a 
digital elevation model (DEM). This 
3D representation of the surface 
conveys the “texture” of the terrain, 
making it easy to notice depression.



Hillshade - Verified
Hillshade can be developed from a 
digital elevation model (DEM). This 
3D representation of the surface 
conveys the “texture” of the terrain, 
making it easy to notice depression.

Pond depressions 
identified by tops of berms.



Stream Lines
Breaks in stream lines and/or 
outlined ponds shown on a stream 
layer may point to the presence of 
wet basins.

State data available here (Under 
Hydrologic):
https://ohiodnr.gov/wps/portal/gov/odnr/bus
iness-and-industry/services-to-business-
industry/gis-mapping-services/metadata-
downloads

https://ohiodnr.gov/wps/portal/gov/odnr/business-and-industry/services-to-business-industry/gis-mapping-services/metadata-downloads


Stream Lines

Basins identified in data 
available from the state

Breaks in stream lines and/or 
outlined ponds shown on a stream 
layer may point to the presence of 
wet basins.



Land Use
Land use can be an indicator of 
potential basin density. 
Developed areas with large 
commercial areas and 
subdivisions tend to have more 
detention/retention basins 
than less developed areas.



Land Use
The large number of basins (wet & 
dry) in developed areas can be 
easily observed via aerial imagery. 
Notice their densities around 
subdivisions, shopping complexes, 
and other highly developed areas.



Stormwater Basin Retrofit Opportunities Screening Tool   
Guidance Document 
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Stormwater Basin Retrofit Opportunities Screening Tool   
Guidance Document – Appendix D 

Prepared by Sustainable Streams, LLC  page A.1 

Summary of Modules 

Modules are short videos that offer details on a single component of the screening tool, providing a 

tutorial of sorts that educates the user on the topic.  

Modules can be accessed through the YouTube channel for Chagrin River Watershed Partners: 

https://www.youtube.com/channel/UClofh4t3M7CdLAEpQJeR5fQ/featured   

 

Delineating Basin 

Drainage Areas  

Learn how to manually delineate a drainage area using contours. 

GIS Data Sources Learn where to look for datasets needed to generate the data for using the 

decision tree.  

Pond Identification 

Tips & Tools 

Learn how basins can be visually identified quickly using aerial imagery in a GIS 

program (e.g. ArcGIS) or other software (e.g. Google Earth). Ideally used when 

a basin inventory in a community or watershed has not been completed.  

Calculating Basin 

Storage Volume 

Learn how to manually delineate the storage volume of a basin using contours 

or other elevation data. 

 

 

https://www.youtube.com/channel/UClofh4t3M7CdLAEpQJeR5fQ/featured
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Outlet Control Structure Data Sheet
Detention Basin Inventory

Date: Basin Name:

Location Description: Basin Type:  Dry  /  Wet

Shape: Material:

Dimensions: Height (interior measurment from bottom to rim):

Rim/Grate Dimensions: Opening/Slot details:

Opening 1- Type:  Window  /  Orifice  /  Pipe Size: Distance from ground:

    LOW FLOW

     If low flow opening is a pipe, provide pipe material:  CMP / PVC / RCP / VCP

Opening 2- Type:  Window  /  Orifice Size: Distance from rim:

Opening 3- Type:  Window  /  Orifice Size: Distance from rim:

Opening 4- Type:  Window  /  Orifice Size: Distance from rim:

Opening 5- Type:  Window  /  Orifice Size: Distance from rim:

Opening 6- Type:  Window  /  Orifice Size: Distance from rim:

Size: Material: CMP  /  PVC  /  RCP  /  VCP Depth (measured from inside):

Notes (including spillway information)

General Information

Outlet Control Structure

Outlet Control Openings

Outlet Pipe



Outlet Control Structure Data Sheet
Detention Basin Inventory

Elevation

1  Suvey measurements are not necessary if the outlet control opening measurements on page 1 are correct.

PHOTO REMINDERS:
 - Basin overview

 - Any headwalls or inlet pipes

 - Each side of structure if openings vary

 - Top of structure

 - Any headwalls or outlet pipes 

Sketches

Survey Information
NotesShot

Length Measurement of Outlet Pipe (if possible)

Headwall/Basin Inlet Structure (backsite)

Invert of Inlet Pipe to Structure (if applicable)

Invert of Outlet Pipe Leaving Structure

Bottom of Outlet Control Structure (inside)1

Top of Outlet Control Structure

Window/Orifice1

Window/Orifice1

Window/Orifice  (if on a different plane)1

Headwall/Basin Outlet Outside Basin (if possible)

Invert of Inlet Pipe Inside Structure (if applicable)



Outlet Control Structure Data Sheet
Detention Basin Inventory

EXAMPLE

Date: 2/1/2021 Basin Name: Example Basin

Location Description: City of ABC Basin Type:  Dry  /  Wet

XYZ Subdivision

Shape: Box stucture Material: Concrete

Dimensions: 7'x7' top Height (interior measurment from bottom to rim):

3' from water to top of structure

Rim/Grate Dimensions: 2'4"x2'4" grate Opening/Slot details: 2"x7" openings in grate (24 total)

Opening 1- Type:  Window  /  Orifice  /  Pipe Size: Distance from ground:

    LOW FLOW 4" wide x 2" deep semicircle at water level (0.0')

     If low flow opening is a pipe, provide pipe material:  CMP / PVC / RCP / VCP n/a

Opening 2- Type:  Window  /  Orifice Size: 6' wide x 2'4" tall Distance from rim:

4 large windows in side of structure 2'10" from top of structure

Opening 3- Type:  Window  /  Orifice Size: Distance from rim:

Opening 4- Type:  Window  /  Orifice Size: Distance from rim:

Opening 5- Type:  Window  /  Orifice Size: Distance from rim:

Opening 6- Type:  Window  /  Orifice Size: Distance from rim:

Size: 48" Material: CMP  /  PVC  /  RCP  /  VCP Depth (measured from inside):

6' from top of structure

No spillway apparent

Notes (including spillway information)

General Information

Outlet Control Structure

Outlet Control Openings

Outlet Pipe



Outlet Control Structure Data Sheet
Detention Basin Inventory

EXAMPLE

Elevation

1  Suvey measurements are not necessary if the outlet control opening measurements on page 1 are correct.

PHOTO REMINDERS:
 - Basin overview

 - Any headwalls or inlet pipes

 - Each side of structure if openings vary

 - Top of structure

 - Any headwalls or outlet pipes 

Sketches

Survey Information
NotesShot

Length Measurement of Outlet Pipe (if possible)

Headwall/Basin Inlet Structure (backsite)

Invert of Inlet Pipe to Structure (if applicable)

Invert of Outlet Pipe Leaving Structure

Bottom of Outlet Control Structure (inside)1

Top of Outlet Control Structure

Window/Orifice1

Window/Orifice1

Window/Orifice  (if on a different plane)1

Headwall/Basin Outlet Outside Basin (if possible)

Invert of Inlet Pipe Inside Structure (if applicable)



Stormwater Basin Retrofit Opportunities Screening Tool   
Guidance Document 

 

 

 

 

APPENDIX F 
Application of the Decision Tree on 

Pilot Subwatersheds 

 

 

 



Pilot Area #1 
Ward Creek Subwatershed

HUC12: 
Town of Willoughby-Chagrin 
River

Photo courtesy of Chagrin River Watershed PartnersLost Nation Golf Course



Ward Creek Pilot Area  

Photos courtesy of Chagrin River Watershed Partners

35988 Reeves Rd, Eastlake

Near Eastlake Garden 
Park/Robin Road



Ward Creek Pilot Area  

Channel Evolution Sequence in 

Response to Increased Flows 

from Urbanization, Adapted 

from Schumm et al. (1984) and 

Hawley et al. (2012)

Adapted from Hawley et al. 

(2020)



Photo courtesy of Franklin SWCD

Identify Wet Basins



Ward Creek Pilot Area  
Located Basins

95 Basins Identified
52 Wet (Retention) Basins



Photo courtesy of Franklin SWCD

Wet Basins with 
Potential Ability to 

Lower Pool



Ward Creek Pilot Area  
Wet Basins with Potential Ability to Lower Pool

Wet basin south of Fairway Glenn Blvd.
Structure visible: V-notch may be possible

Wet basin at President’s Park.
Outlet appears to be channel, field confirmed 

as culvert. V-notch not likely to be possible



Photo courtesy of Franklin SWCD

Evaluate V-notch weir 
retrofit or equivalent



Ward Creek Pilot Area  
Tool Results – Lower Water Surface w/ V-notch

9 Likely V-notch Candidates(1)

17% of Wet Basins
(1) Dependent upon stakeholder willingness to lower basin and other feasibility factors



Ward Creek Pilot Area  
Tool Results – Lower Water Surface w/ V-notch

30 Indeterminate V-notch Candidates(1)

58% of Wet Basins
(1) Dependent upon stakeholder willingness to lower basin and other feasibility factors



Top of Berm

Freeboard 
at Q100

Photo courtesy of Franklin SWCD

Adequate freeboard 
at Q100 to restrict the 

low flow



Photo courtesy of Franklin SWCD

Adequate freeboard 
at Q100 to restrict the 

low flow

• Screening-level metrics:

• Drawings/stormwater 
calculations 

• Not available

• “Recent imperviousness”

• 1.8% ↑ in HUC12 
from 2001-2016

• 2.0% ↑ in Ward 
Creek Subwatershed 
from 2001-2016

• “Potential rainfall 
capture”



Ward Creek Pilot Area 
Drainage Areas and Storage Volumes



Ward Creek Pilot Area 
Potential Rainfall Capture Depth  

16 basins (17%) > 2 inches
14 basins (15%) between 1 & 2 inches

45 basins (47%) < 1 inch
20 basins (21%) Indeterminate



Suitable engineered 
spillway and/or no DS 

safety risks?



Ward Creek Pilot Area 
Tool Results – Adequate Freeboard

19 Basins with Adequate Freeboard(2)

Based on Approximate Year of Construction
(2) Feasibility factors such as freeboard, spillway, etc. need to be evaluated during detailed design



Ward Creek Pilot Area 
Tool Results – Adequate Freeboard

26 Basins with Adequate Freeboard(2)

Based on Potential Rainfall Capture Depth
(2) Feasibility factors such as freeboard, spillway, etc. need to be evaluated during detailed design



Ward Creek Pilot Area 
Tool Results – No Downstream Risks

42 Basins with No Apparent Screening-level Risks(3)

to Downstream Infrastructure
(3) Overtopping risks need to be evaluated by the design engineer during the detailed design phase



Photo courtesy of Franklin SWCD

Evaluate simple 
restriction-style 

retrofit



Ward Creek Pilot Area 
Tool Results – Low Flow Restriction Candidates

26 Low Flow Restriction Candidates(2)(3)
(2) Feasibility factors such as freeboard, spillway, etc. need to be evaluated during detailed design

(3) Overtopping risks need to be evaluated by the design engineer during the detailed design phase



Large basin and/or 
large impervious 

percentage?



• Ward Creek Drainage Area = 6,370 acres
• Total Drainage Areas of Basins = 5,400 acres
• % of Ward Creek DA Controlled by Basins = 85%
• Ward Creek Impervious Area = 1,860 acres
• Impervious Area to Identified Basins = 1,600 acres
• % of Total Impervious Controlled by Basins = 86%

Large Portion of the Drainage Area and Impervious 
Area Intercepted by Basins

President’s Park Basin
intercepts 4,160 acres



Evaluate Expensive 
Retrofits

Control panel and solar panel

Actuated valve used to lower 
water before rain events



Ward Creek Pilot Area 
Tool Results – Large Drainage Areas/High Imp.

4 Expensive Retrofit Candidates(4)
(4)  Dependent upon stakeholder, feasibility, and budget factors, etc.

• Identified Basin Drainage Areas = 4,720 acres
• % of Ward Creek Drainage Controlled by Basins = 74%
• Impervious Area Controlled by Basins = 1,470 acres
• % of Ward Creek Imp. Controlled by Basins = 79%



Lower Tier Basins

Tier 1
(High Priority)

Tier 2
(Medium Priority)

Tier 3
(Low Priority)



Ward Creek Pilot Area 
Tool Results – Cataloged for Later

46 Cataloged for Later



Ward Creek Pilot Area 
Complete Tool Results



V-Notch Weir

(7)

Restriction-
Style Outlet

(24)

Expensive 
Retrofit

(4)

Ward Creek Pilot Area
Complete Tool Results

(0)
(2)

(0)

(0)

Cataloged 
For Later 

Evaluation
(46)

Likely Not 
for 

Stormwater 
Control

(12)



• Ward Creek Drainage Area = 6,370 acres
• Drainage Areas of Identified Basins = 230 acres
• % of Ward Creek DA Controlled by Basins = 4%
• Ward Creek Impervious Area = 1,860 acres
• Impervious Area to Identified Basins = 91 acres
• % of Total Impervious Controlled by Basins = 5%

Drainage Area and Impervious Area Controlled by 
Potential V-Notch Weir Retrofits



• Ward Creek Drainage Area = 6,370 acres
• Drainage Areas of Identified Basins = 630 acres
• % of Ward Creek DA Controlled by Basins = 10%
• Ward Creek Impervious Area = 1,860 acres
• Impervious Area to Identified Basins = 200 acres
• % of Total Impervious Controlled by Basins = 11%

Drainage Area and Impervious Area Controlled  by 
Potential Restriction-Style Retrofits



• Ward Creek Drainage Area = 6,370 acres
• Drainage Areas of Identified Basins = 4,720 acres
• % of Ward Creek DA Controlled by Basins = 74%
• Ward Creek Impervious Area = 1,860 acres
• Impervious Area to Identified Basins = 1,470 acres
• % of Total Impervious Controlled by Basins = 79%

Drainage Area and Impervious Area Controlled  by 
Potential Expensive Retrofits



Pilot Area #2 
Unnamed Tributary to West 

Branch Rocky River 
Subwatershed

HUC12: 
Baker Creek-West Branch 
Rocky River

Photo from GoogleStream at Cook Rd.



Photo courtesy of Franklin SWCD

Identify Wet Basins



UT to West Branch Rocky River Pilot Area  
Located Basins

58 Basins Identified
34 Wet (Retention) Basins



Photo courtesy of Franklin SWCD

Wet Basins with 
Potential Ability to 

Lower Pool



UT to West Branch Rocky River Pilot Area  
Wet Basins with Potential Ability to Lower Pool

Wet basin east of Grand Oak Trail
Structure visible: V-notch may be possible

Wet basin near Kingston Trail
Culvert outlet

Numerous, well-manicured homes
Wet basin at Olmsted Fall’s Middle School
Structure visible: V-notch may be possible



Photo courtesy of Franklin SWCD

Evaluate V-notch weir 
retrofit or equivalent



UT to West Branch Rocky River Pilot Area  
Tool Results – Lower Water Surface w/ V-notch

9 Likely V-notch Candidates(1)

26% of Wet Basins
(1) Dependent upon stakeholder willingness to lower basin and other feasibility factors



14 Indeterminate V-notch Candidates(1)

41% of Wet Basins
(1) Dependent upon stakeholder willingness to lower basin and other feasibility factors

UT to West Branch Rocky River Pilot Area  
Tool Results – Lower Water Surface w/ V-notch



Top of Berm

Freeboard 
at Q100

Photo courtesy of Franklin SWCD

Adequate freeboard 
at Q100 to restrict the 

low flow



Photo courtesy of Franklin SWCD

Adequate freeboard 
at Q100 to restrict the 

low flow

• Screening-level metrics:

• Drawings/stormwater 
calculations 

• Not available

• “Recent imperviousness”

• 3.2% ↑ in HUC12 
from 2001-2016

• 7.0% ↑ in 
Subwatershed from 
2001-2016

• “Potential rainfall 
capture”



UT to West Branch Rocky River Pilot Area
Drainage Areas and Storage Volumes



UT to West Branch Rocky River Pilot Area
Potential Rainfall Capture Depth  

8 basins (14%) > 2 inches
10 basins (17%) between 1 & 2 inches

19 basins (33%) < 1 inch
21 basins (36%) Indeterminate



Suitable engineered 
spillway and/or no DS 

safety risks?



UT to West Branch Rocky River Pilot Area 
Tool Results – Adequate Freeboard

36 Basins with Adequate Freeboard(2)

Based on Approximate Year of Construction
(2) Feasibility factors such as freeboard, spillway, etc. need to be evaluated during detailed design



UT to West Branch Rocky River Pilot Area 
Tool Results – Adequate Freeboard

15 Basins with Adequate Freeboard(2)

Based on Potential Rainfall Capture Depth
(2) Feasibility factors such as freeboard, spillway, etc. need to be evaluated during detailed design



UT to West Branch Rocky River Pilot Area
Tool Results – No Downstream Risks

27 Basins with No Apparent Screening-level Risks(3) to 
Downstream Infrastructure

(3) Overtopping risks need to be evaluated by the design engineer during the detailed design phase



Photo courtesy of Franklin SWCD

Evaluate simple 
restriction-style 

retrofit



UT to West Branch Rocky River Pilot Area
Tool Results – Low Flow Restriction Candidates

19 Low Flow Restriction Candidates(2)(3)

33% of Total Basins
(2) Feasibility factors such as freeboard, spillway, etc. need to be evaluated during detailed design

(3) Overtopping risks need to be evaluated by the design engineer during the detailed design phase



Large basin and/or 
large impervious 

percentage?



• Subwatershed Drainage Area = 2,700 acres
• Drainage Areas of Basins = 1,160 acres
• % of Subwatershed Controlled by Basins = 43%
• Subwatershed Impervious Area = 500 acres
• Impervious Area to Basins = 270 acres
• % of Total Impervious Controlled by Basins = 54%

Large Portion of Recent Imperviousness Intercepted 
by Basins



Evaluate Expensive 
Retrofits

Control panel and solar panel

Actuated valve used to lower 
water before rain events



• Identified Basin Drainage Areas = 310 acres
• % of Catchment Controlled by Basins = 12%
• Impervious Area Controlled by Basins = 90 acres
• Watershed % Impervious Controlled by Basins = 18%

UT to West Branch Rocky River Pilot Area 
Tool Results – Large Drainage Areas/High Imp.

2 Expensive Retrofit Candidates(4)

4% of Total Basins
(4) Dependent upon stakeholder, feasibility, and budget factors, etc.



Lower Tier Basins

Tier 1
(High Priority)

Tier 2
(Medium Priority)

Tier 3
(Low Priority)



UT to West Branch Rocky River Pilot Area 
Tool Results – Cataloged for Later

23 Cataloged for Later
40% of Total Basins



UT to West Branch Rocky River Pilot Area
Complete Tool Results



V-Notch Weir

(7)

Restriction-
Style Outlet

(14)

Expensive 
Retrofit

(0)

UT to West Branch Rocky River Pilot Area
Complete Tool Results

(0)
(3)

(2)

(0)

Cataloged 
For Later 

Evaluation
(23)

Likely Not 
for 

Stormwater 
Control

(9)



• Subwatershed Drainage Area = 2,700 acres
• Drainage Areas of Identified Basins = 100 acres
• % of Subwatershed Controlled by Basins = 4%
• Subwatershed Impervious Area = 500 acres
• Impervious Area to Identified Basins = 30 acres
• % of Total Impervious Controlled by Basins = 6%

Drainage Area and Impervious Area Controlled by 
Potential V-Notch Weir Retrofits



• Subwatershed Drainage Area = 2,700 acres
• Drainage Areas of Identified Basins = 610 acres
• % of Subwatershed Controlled by Basins = 23%
• Subwatershed Impervious Area = 500 acres
• Impervious Area to Identified Basins = 180 acres
• % of Total Impervious Controlled by Basins = 36%

Drainage Area and Impervious Area Controlled by 
Potential Restriction-Style Retrofits



• Subwatershed Drainage Area = 2,700 acres
• Drainage Areas of Identified Basins = 310 acres
• % of Subwatershed Controlled by Basins = 12%
• Subwatershed Impervious Area = 500 acres
• Impervious Area to Identified Basins = 90 acres
• % of Total Impervious Controlled by Basins = 18%

Drainage Area and Impervious Area Controlled by 
Potential Expensive Retrofits



Pilot Area #3 
Jungbluth Ditch

Subwatershed

HUC12: 
French Creek

Photo from GoogleJungbluth Ditch at French Creek Rd.



Photo courtesy of Franklin SWCD

Identify Wet Basins



Jungbluth Ditch Pilot Area  
Located Basins

51 Basins Identified
23 Wet (Retention) Basins



Photo courtesy of Franklin SWCD

Wet Basins with 
Potential Ability to 

Lower Pool



Jungbluth Ditch Pilot Area
Wet Basins with Potential Ability to Lower Pool

Wet basin east of Grand Oak Trail
Structure visible: V-notch may be possible

Wet basin near Kingston Trail
Culvert outlet

Numerous, well-manicured homes
Wet basin at Olmsted Fall’s Middle School
Structure visible: V-notch may be possible



Photo courtesy of Franklin SWCD

Evaluate V-notch weir 
retrofit or equivalent



Jungbluth Ditch Pilot Area  
Tool Results – Lower Water Surface w/ V-notch

3 Likely V-notch Candidates(1)

13% of Wet Basins
(1) Dependent upon stakeholder willingness to lower basin and other feasibility factors



Jungbluth Ditch Pilot Area  
Tool Results – Lower Water Surface w/ V-notch

9 Indeterminate V-notch Candidates(1)

39% of Wet Basins
(1) Dependent upon stakeholder willingness to lower basin and other feasibility factors



Top of Berm

Freeboard 
at Q100

Photo courtesy of Franklin SWCD

Adequate freeboard 
at Q100 to restrict the 

low flow



Photo courtesy of Franklin SWCD

Adequate freeboard 
at Q100 to restrict the 

low flow

• Screening-level metrics:

• Drawings/stormwater 
calculations 

• Not available

• “Recent imperviousness”

• 5.4% ↑ in HUC12 
from 2001-2016

• 10.5% ↑ in Jungbluth
Ditch Subwatershed 
from 2001-2016

• “Potential rainfall 
capture”



Jungbluth Ditch Pilot Area
Drainage Areas and Storage Volumes



Jungbluth Ditch Pilot Area
Potential Rainfall Capture Depth  

16 basins (31%) > 2 inches
11 basins (22%) between 1 & 2 inches

22 basins (43%) < 1 inch
2 basins (4%) Indeterminate



Suitable engineered 
spillway and/or no DS 

safety risks?



Jungbluth Ditch Pilot Area 
Tool Results – Adequate Freeboard

24 Basins with Adequate Freeboard(2)

Based on Approximate Year of Construction
(2) Feasibility factors such as freeboard, spillway, etc. need to be evaluated during detailed design



Jungbluth Ditch Pilot Area 
Tool Results – Adequate Freeboard

17 Basins with Adequate Freeboard(2)

Based on Potential Rainfall Capture Depth
(2) Feasibility factors such as freeboard, spillway, etc. need to be evaluated during detailed design



Jungbluth Ditch Pilot Area
Tool Results – No Downstream Risks

17 Basins with No Apparent Screening-level Risks(3) to 
Downstream Infrastructure

(3) Overtopping risks need to be evaluated by the design engineer during the detailed design phase



Photo courtesy of Franklin SWCD

Evaluate simple 
restriction-style 

retrofit



Jungbluth Ditch Pilot Area
Tool Results – Low Flow Restriction Candidates

15 Low Flow Restriction Candidates(2)(3)

29% of Total Basins
(2) Feasibility factors such as freeboard, spillway, etc. need to be evaluated during detailed design

(3) Overtopping risks need to be evaluated by the design engineer during the detailed design phase



Large basin and/or 
large impervious 

percentage?



• Jungbluth Ditch Drainage Area = 2,690 acres
• Drainage Areas of Basins = 1,470 acres
• % of Jungbluth Ditch DA Controlled by Basins = 55%
• Jungbluth Ditch Impervious Area = 630 acres
• Impervious Area to Basins = 420 acres
• % of Total Impervious Controlled by Basins = 67%

Large Portion of Recent Imperviousness Intercepted 
by Basins



Evaluate Expensive 
Retrofits

Control panel and solar panel

Actuated valve used to lower 
water before rain events



• Identified Basin Drainage Areas = 1,260 acres
• % of Jungbluth Ditch Drainage Controlled by Basins = 47%
• Impervious Area Controlled by Basins = 370 acres
• Watershed % Impervious Controlled by Basins = 58%

Jungbluth Ditch Pilot Area
Tool Results – Large Drainage Areas/High Imp.

8 Expensive Retrofit Candidates(4)

16% of Total Basins
(4) dependent upon stakeholder, feasibility, and budget factors, etc.



Lower Tier Basins

Tier 1
(High Priority)

Tier 2
(Medium Priority)

Tier 3
(Low Priority)



Jungbluth Ditch Pilot Area
Tool Results – Cataloged for Later

9 Cataloged for Later
18% of Total Basins



Jungbluth Ditch Pilot Area
Complete Tool Results



V-Notch Weir

(1)

Restriction-
Style Outlet

(13)

Expensive 
Retrofit

(6)

Jungbluth Ditch Pilot Area
Complete Tool Results

(0)
(1)

(1)

(1)

Cataloged 
For Later 

Evaluation
(9)

Likely Not 
for 

Stormwater 
Control

(19)



• Jungbluth Ditch Drainage Area = 2,690 acres
• Drainage Areas of Identified Basins = 330 acres
• % of Jungbluth Ditch DA Controlled by Basins = 12%
• Subwatershed Impervious Area = 630 acres
• Impervious Area to Identified Basins = 140 acres
• % of Total Impervious Controlled by Basins = 22%

Drainage Area and Impervious Area Controlled by 
Potential V-Notch Weir Retrofits



• Jungbluth Ditch Drainage Area = 2,690 acres
• Drainage Areas of Identified Basins = 550 acres
• % of Jungbluth Ditch DA Controlled by Basins = 21%
• Subwatershed Impervious Area = 630 acres
• Impervious Area to Identified Basins = 170 acres
• % of Total Impervious Controlled by Basins = 27%

Drainage Area and Impervious Area Controlled by 
Potential Restriction-Style Retrofits



• Jungbluth Ditch Drainage Area = 2,690 acres
• Drainage Areas of Identified Basins = 1,260 acres
• % of Jungbluth Ditch DA Controlled by Basins = 47%
• Subwatershed Impervious Area = 630 acres
• Impervious Area to Identified Basins = 370 acres
• % of Total Impervious Controlled by Basins = 58%

Drainage Area and Impervious Area Controlled by 
Potential Expensive Retrofits
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