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Planning future workshop/webinar topics is currently underway! Please contact Erin Kepple-

Adams, Water Resource Manager at ekepple@spcregion.org and let her know what your needs 

are. She is happy to try to accommodate your requests.
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Poll Question #1

Are you planning to implement green 
stormwater infrastructure (GSI) in the 
near future?

A.   Yes, we have already implemented 
some type of GSI and are eager to do 
more.

B.   Yes, we are planning to, but haven’t 
done so before. 

C.   We are considering it as a possibility.

D.   No, not unless we have to!
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Objective

With Municipal Separate Storm Sewer System 

(MS4) and Consent Order and Agreement (COA) 

reporting requirements, this presentation will share 

some methods of assessing different types of GSI 

projects. 

From site analysis through post-construction and 

operations & maintenance monitoring, these 

methodologies can provide reasonable estimates 

(and assurance) of project performance.
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Planning Approach



What information is important to have to 
inform the type, the scale, and potential 
benefits of GSI?

Site Information 

Existing drainage 

conditions 

Potential drainage 

area to GSI and 

characteristics

subsurface conditions, 

soils, utilities, slope, 

available space for GSI

storm infrastructure, 

connectivity, flooding 

issues, overflow volumes

what is to be controlled 

and how “dirty” is the 

runoff expected to be



Assessing the 

expected runoff, 

sediment, trash, 

and debris 

characteristics can 

inform GSI type, 

pretreatment 

needs, and O&M 

expectations

Data sources 

include GIS, 

survey, 

geotechnical and 

other field 

investigations, 

stormwater 

sampling, and 

pre-construction 

monitoring  



Gathering Information
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www.alcosan.org/our-plan/plan-

documents/controlling-the-source

Constraints analysis 

from Controlling the 

Source
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GSI Practice 
Selection

What are the 
most practical 
and effective 
GSI practices 

for a given site?
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Source: Green Infrastructure 

Implementation (WEF, 2014)



Example GSI practice

© TNC

Bioretention / Rain Garden https://www.gwinnettcounty.com/web/gwinnett/departments

/water/whatwedo/stormwater/bmpsanddetentionponds



Example GSI practice
© TNC

Permeable / Pervious / Porous Pavement



Estimating the Benefit

Wide range of options, depending on the metrics of interest and the 

project size, type, and complexity:

Wide range of options, depending on the metrics of interest and the 

project size, type, and complexity:

Least complex: engineering formulas / spreadsheetsLeast complex: engineering formulas / spreadsheets

Most complex: detailed hydrologic and hydraulic 

(H&H) Modeling

Most complex: detailed hydrologic and hydraulic 

(H&H) Modeling

Moderately complex: packaged tools (National 

Stormwater Calculator, HydroCAD, etc.)

Moderately complex: packaged tools (National 

Stormwater Calculator, HydroCAD, etc.)



Estimating the Benefit – Peak Flow, 
Runoff Volume, and Pollutant Removal

The Illinois Green Infrastructure Study (University of Illinois et al., 2010)

# of sites 

(# of storms)

Weighted mean 

reduction & 

standard deviation
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Range of Project Types/Complexities

Least complex: 
1-2 separate GSI practices 

w/ similar designs, simple 

hydraulics, small drainage 

area, uniform soil / 

subsurface conditions, etc.

Moderately complex: 
several GSI practices w/ some 

connectivity and design variability, 

medium sized drainage area, several 

inflows / overflows, varying soil / 

subsurface conditions, etc.

Most complex: 
multiple interconnected GSI practices, 

complicated hydraulics, multiple 

inflows / overflows at varying depths, 

large drainage area, localized flooding, 

other mitigating issues, etc.



Estimating the Benefit (Least Complex): Formula Example

Example: 1.25-inch capture from 

1 impervious acre with 37.7 

inches average 

annual rainfall: 

50%

55%

60%

65%

70%

75%

80%

85%

90%

95%

100%

0 0.25 0.5 0.75 1 1.25 1.5 1.75 2

C
u

m
u

la
ti

v
e

 C
a

p
tu

re
 o

f 
T

y
p

ic
a

l 
Y

e
a

r

Capture Depth (in.)

Cumulative Capture of Typical Year Precipitation

Typical Year Capture

1.25-inch Capture

Poly. (Typical Year Capture)

1.25” from all storms 

totals to 95.5% of the 

annual rainfall

Estimate capture depth in 

terms of inches from the 

tributary impervious area

• Rainfall volume: 43,560 SF x 37.7”/year x 1’/12” = 136,900 CF (1.02 MG) per year

• Runoff volume: 1.01 MG rainfall/yr x 0.85 annual runoff coeff. = 0.87 MG per year

• Capture volume: 870,000 gal runoff/year x 95.5% capture (from curve) = 0.83 MG per year 



182.66 acres x 822,000 gal/acre/yr = 2.19 MG/yr



Estimating the Benefit (Moderately Complex): 
National Stormwater Calculator Example

1. Input site info: location/size, soil type, soil drainage (hydraulic 

conductivity), topography, rain gage location, and land cover

2. Select LID/GSI types, set sizing parameters, and choose cost 

estimate factors

3. Estimate annual runoff volume and apply capture percentage

Example: 1.25-inch capture from 1 impervious acre (split b/w rain garden and 

permeable pavement) with 37.7 inches average annual rainfall: 

• Rainfall volume: 43,560 SF x 37.7”/yr x 1’/12” = 137,000 CF (1.02 MG) per yr

• Runoff w/o GSI: 0.84 MG per yr

• Runoff with GSI: 0.07 MG per yr

• Capture volume: Runoff w/o GSI – Runoff w/ GSI = 0.77 MG per yr



Estimating the Benefit (Most Complex): 
H&H Model (SWMM) Example

Options range from simple 

(reduce percent impervious in model) 

to more complex 

(storage nodes or SWMM LID Module)

Storm Water Management Model Reference 

Manual Volume III (EPA, 2016) 

Different Options for placing LID 

Controls in SWMM



Other Tools: WRF GSI Triple Bottom Line Tool

https://www.waterrf.org/research/projects/economic-framework-and-tools-quantifying-and-

monetizing-triple-bottom-line

• Released in 2021

• Developed in coordination w/  

WRF’s Community-enabled 

Lifecycle Analysis of Stormwater 

Infrastructure Costs (CLASIC) 

tool

• Purpose is to quantify and 

monetize the TBL benefits of GSI

(financial, social, and 

environmental)

• Intended for utility and municipal 

staff or other interested GSI

practitioners

• requires some level of 

expertise/familiarity with GSI, 

but not with economics!



• Excel-based tool

• Results dashboard, key inputs, GSI scenario, costs and timeline

• 12 benefit categories:

• Avoided infrastructure costs, avoided replacement costs, energy savings, water 

supply, air quality, property values, heat stress, recreation, green jobs, water 

quality, carbon, ecosystem 

Other Tools: WRF GSI Triple Bottom Line Tool

Economic Framework for TBL Analysis (8 key steps)



See report for more background and 

case studies (Saint Paul, MN; 

Lancaster, PA; Seattle, WA; and 

Cleveland, OH)

Other Tools: WRF GSI Triple Bottom Line Tool
Economic Framework for TBL Analysis (8 key steps; continued)



Other Tools: Continuous Simulation Modeling w/ Infiltration

• A Green Infrastructure Leadership 

Exchange (GILE) initiative led by the City 

of Kitchener, Ontario with support from 

Lotus Water and Jacobs Engineering

• Participating cities: DC, Denver, 

Kitchener, Portland, San Francisco, 

Toronto, Tucson, Vancouver

• Purpose: a tool for non-modelers to 

predict the volume capture and water 

quality benefits of various design GSI

scenarios
• Resources | Green Infrastructure Leadership 

Exchange (giexchange.org)

Get Results!

Enter project info



• 100’s of continuous simulation runs in 

SWMM; variables included:

• GSI type, underdrain, sizing factor 

(loading ratio), soil infiltration rate

• Applicable GSI (w/ typical dimensions): 

Bioretention, Green Roofs, Infiltration 

Trenches, Permeable Pavement

• Primarily for use in conceptual design to help 

size GSI (allows up to 2 GSI practices)

• Tool will lookup and output the resulting:

• Annual Runoff Reduction as a %

• Annual Water Quality Treatment as a %

• Benefit: easy-to-use tool that yields “right-

sized” GSI for your site based on extensive, 

previously completed H&H modeling (for 

specific cities)

Other Tools: Continuous Simulation Modeling w/ Infiltration



Poll Question #2
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How do you typically estimate the potential 
benefits/performance of your GSI projects? 

A. Formula/Spreadsheet 

B. Moderately Complex

C. Most Complex 

D. Other

E. We don’t typically estimate the benefits
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Design Considerations – GSI will work here!
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Recommended Setbacks
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Source: ALCOSAN’s Green 

Stormwater Infrastructure Guidance 

Manual – March 2019



Recommended Loading Ratios
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Source: ALCOSAN’s Green Stormwater Infrastructure Guidance Manual – March 2019



Design Considerations – GSI Sizing
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Source: ALCOSAN’s Green Stormwater Infrastructure Guidance Manual – March 2019



Design Considerations (cont.)

For example, SWMM offers a “clogging factor” for certain parameters 

associated with LID controls. 

Consider reduction factors to reflect post-construction 

and beyond. For example: 

• void space/ratio, porosity 

(e.g., void space being lost over time by sediment accumulation)

• soil permeability/conductivity/seepage 

(e.g., potential compaction during construction and partial clogging over time 

after construction)

• other potential considerations: type of permeability test performed, variability 

of site soils, level of pretreatment / expected sediment load, redundancy / 

resiliency, compaction during construction, etc.



• Design with monitoring & performance 

evaluation in mind (whether passive or 

active)

• Consider in-GSI, in-sewer, and/or 

other monitoring

• Wet weather inspections

• For projects that will be modeled 

consider how the project will be modeled 

to ensure that monitoring information will 

help validate model after construction. V-notch weir facilitates flow 

measurements in an irregular 

channel (image: PWSA)

Pressure transducer inside 

monitoring well allows for water 

depth readings (image: PWSA)

Design Considerations



Example Monitoring Schematic
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• Education

• Communication

• Material test results 

• Construction observations/oversight

• Verification of ponding depths, side slopes, 

infiltration rate, etc. (wet weather inspections, 

simulated runoff tests)

• Gathering accurate as-built information 

Sequence! Protect what has been built! 

Keep equipment off infiltration soils!

Construction Phase



Key Construction 
Inspection Activities

• Pre-construction meeting AND pre-planting meeting

• Review construction material cleanliness and 
conformance to specifications

• Multiple inspections at critical stages

• Final inspection and site walk-through

• Wet weather inspection(s)

• On-going inspections during plant establishment and 
warranty period

Dirty, unprotected excavation and dirty stone!



Construction Resources

Construction inspection guidelines (next slide) 
and forms for bioretention, infiltration trenches 
(below), and permeable pavement
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Were subgrade soils as expected? 
(Any changes to anticipated infiltration 

rates?)

Apron not depressed enough – bypass!

Prior to monitoring data being available, use as-built information, wet weather inspections, 

simulated runoff tests to update calcs or model.

Ask the question, “Are there significant changes?”

• Drainage areas or GSI footprint

• Storage volumes

• Critical materials (e.g.: storage materials, bioretention soils)

Simulated Runoff Test  

(source: Seattle Public Utilities)

Post-Construction Evaluation

Wet weather inspections



Monitoring

• Consider redundancy to have better confidence 

in data and to have backup 
(e.g., more than one depth sensor, couple depth and 

velocity measurements for flow monitoring)

• Couple data with field observations 

(e.g., bypass, GSI condition) and/or rain-activated 

time-lapse cameras

• Consider remote, real-time monitoring via web-

based platforms

• Consider whether in-GSI or in-sewer monitoring 

(or both) is optimal



Monitoring and Modeling

• Use post-construction monitoring to validate/calibrate calculations/model

SWMM 

subcatchment

before GSI (“LID”): 

10 acres, 40% 

impervious

Following SWMM 

option A of embedding 

GSI (“LID”) in the 

subcatchment and 

routing the impervious 

to it

Monitoring of the GSI 

discharge would 

represent this, so 

would be calibrating/ 

validating that portion 

of the subcatchment



Poll Question #3
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Which phase of the GSI implementation 
process have you typically found to be 
most challenging?

A.   Planning

B.   Design 

C.   Construction 

D.   Operations and Maintenance
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Monitoring and Maintenance

• Ensure adequate ongoing maintenance to maintain performance 

• Use monitoring to help know when maintenance is needed  



ALCOSAN O&M 
Guidance Manual

• Guidance for GSI projects to 
develop a Maintenance Plan

• Routine, Non-routine, and General 
Maintenance Activities by GI type

• Maintenance Frequencies

• Includes Maintenance Inspection 
Checklists 

• Manuals/guidelines protect the 
investment in GSI
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Operations & Maintenance Critical to Long-Term 
Performance

ALCOSAN’s GSI 
Guidance Document 
includes maintenance 
condition tables and 
maintenance 
inspection checklists.

49

Bioretention maintenance condition 

table (1st page shown to right) 

covers 27 different site conditions.
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Highlights of Recent O&M Inspections of 
15 GSI Projects in the Region
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Anonymous



• Permeable pavers 
being impacted by 
adjacent/upgradient 
unstabilized areas
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Permeable Pavement



Drainage Area 
Changes
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Weed growth
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Pavers in good shape



Bioretention
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Bioretention
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• Estimating and verifying performance of GSI is critical and 

can be challenging, but there are a range of methods 

available that can be scaled based on the project parameters

• Consider performance at all stages of the project: from 

planning and design to construction to monitoring and 

maintenance

• There are good resources and tools available to assist, and 

we can share lessons learned throughout the region as more 

GSI is implemented

Conclusions
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