Appendix F: Nature-Based Stormwater Infrastructure 

Monitoring Overview: This document outlines metrics and protocols for evaluating nature-based stormwater infrastructure (NBSI) projects. Rather than a single measured outcome, this metric includes a checklist of inspection items with a scoring procedure. Please note that this scoring, like other NCRF monitoring metrics, was not intended to evaluate grantee performance but to help NFWF understand NBS performance in general. The NBSI checklists are largely adapted from EPA (2016) and contain excerpts from that source and other public-domain sources cited below. 

General guidelines for NBSI condition assessment: 
· Timing: 
· Document baseline (pre-construction) conditions with representative photographs of drainage problems to be addressed by the NBSI.
· Assess NBSI condition post-construction and one-year post construction. 
· If maintenance is to be performed around the time of a scheduled assessment, conduct the assessment after maintenance.
· Additionally, when it is safe to do so, assess NBSI during or immediately after major rainstorms to understand performance. 
· Photographs: Where relevant, include photographs documenting NBSI condition and performance. Photos should include relevant details such as a description, the date, and the orientation. A whiteboard can be used to include this information in the photograph.
· Weather Data: To understand the performance of NBSI features versus the design intent, you may need data on inflows to the drainage system. National Weather Service point forecasts and CoCoRaHS crowdsourced weather observations are possible data sources for precipitation data. Investigate whether any upstream and/or downstream stream gauges exist that can help you understand the performance of your NBSI for diffusing stormwater inflows. 
· Maintenance Note: More frequent inspection and maintenance will almost certainly be necessary, as NBSI features need regular maintenance. In the references below, EPA (2016) and Erickson and Gulliver (2024), among many others, contain recommendations for inspection and maintenance frequency.

The data reporting template divides NBSI into four categories: 
· Bioretention. Small vegetated areas, including bioswales, stormwater planters, rain gardens and similar features for stormwater retention  
· Stormwater Wetlands. Stormwater detention wetlands (typically much larger than bioswales/rain gardens and often including a permanent pool)
· Trees. Typically trees in trenches or pits designed as stormwater management infrastructure in developed areas, not trees in restored natural riparian areas
· Permeable Pavement. Permeable interlocking concrete pavement (PICP), concrete grid pavement, porous gravel, reinforced grass, etc.
NBSI Condition
Intent: Visual inspection can be a useful qualitative indicator of a functioning NBSI project. NBSI projects operate within the built environment, and good performance requires regular inspection and maintenance to keep the NBSI in good operating condition. Visual inspection during and after precipitation can be a simple indicator of the NBSI’s performance, although a full performance assessment would include quantitative data beyond these requirements. 

NBSI Condition method:
· The data reporting template includes checklist variants for four categories of NBSI: Bioretention features, Stormwater Wetlands, Trees, and Permeable Pavement, defined above.
· Assess the condition of each NBSI feature/structure, such as one bioswale, with the checklist in the relevant data reporting template.
Score your checklists as follows:
1. For each applicable checklist item, use the given “functioning” and “impaired” criteria to assign a numeric score on a 4-point scale: 1 (Very Poor), 2 (Poor), 3 (Good), 4 (Very Good). 
2. If an item does not apply in your case, leave it blank.
3. Enter the numbers into the spreadsheet. You should see an average value calculated below the scores you entered. 
4. Using your professional judgment, consider the following to create a final score: 
a. The intent of the calculation is only to help you consider the overall impact of the checklist items as you choose a final score.
b. Examine the lower-scoring checklist items. If one or a few critical items are limiting the performance of the entire NBSI feature, adjust the final score to account for these “weak links.”
c. The score should reflect your subjective best judgment about the overall performance of the NBSI feature, considering all checklist items.
5. Enter your adjusted score in the “Final Score” field. 

Citations and Further Reading	Comment by Ryan Littlewood: Citations need formatting

EPA 2016 Denver https://www.epa.gov/sites/default/files/2017-02/documents/epa-denver_technical_assistance_-_checklists_and_renderings_011017_508.pdf

EPA 2016. Operation and Maintenance of Green Infrastructure Receiving Runoff from Roads and Parking Lots, United Stated Environmental Protection Agency. 2016. https://www.epa.gov/sites/default/files/2016-11/documents/final_gi_maintenance_508.pdf 

EPA 2021 https://www.epa.gov/system/files/documents/2021-11/bmp-stormwater-wetland.pdf 
Also example maintenance and schedule https://www.gwinnettcounty.com/static/departments/DWR/pdf/Stormwater-Wetlands-Current.pdf 

USACE 2024 https://mmc.sec.usace.army.mil/NLSP_website/NLSG_PublicDraft/FINAL%20Vegetation%20Review%20Draft%20March%2029%202024.pdf 

EPA 1999 Chapter 4 (Environmental Assessment) from EPA's Preliminary Data Summary of Urban Stormwater Best Management Practices EPA-821-R-99-012 https://www.epa.gov/sites/default/files/2015-10/documents/usw_b.pdf

Erickson and Gulliver 2024 - Stormwater BMP Inspection and Maintenance Resource Guide (2024 update) https://www.cts.umn.edu/research/project/updating-the-2009-stormwater-bmp-maintenance-resource-guide 

Good general reference: NPDES Stormwater Program (EPA website) https://www.epa.gov/npdes/npdes-stormwater-program
https://www.epa.gov/npdes/stormwater-maintenance 

Operation and maintenance of NBSI https://www.epa.gov/green-infrastructure/best-practices-green-infrastructure-om 

EPA National Pollutant Discharge Elimination System (NPDES): Stormwater Program https://www.epa.gov/npdes/npdes-stormwater-program

National Pollutant Discharge Elimination System (NPDES): Stormwater Maintenance https://www.epa.gov/npdes/stormwater-maintenance 








