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Technical Assistance Support

Small Systems Technical Assistance
Drinking water, wastewater, and/or 
stormwater systems serving <10,000 
people. Wider variety of topics and 
issues covered.
● Educational resources & trainings, 

plus technical assistance around 
U.S.: efcnetwork.org

● For technical assistance email or call 
Danish Kumar dkumar18@umd.edu 
(301) 405-9945

Click here

http://efcnetwork.org/


Free Funding Application Support!

Reach out today: efcnetwork.org/get-help or use the link shared in the chat!

Receive Expert Guidance On:

• Finding the right funding programs for your project

• Understanding eligibility & application timelines

• Support the development of strong, competitive applications

• Looking for funding to match or supplement funding you've already received

Join the hundreds of communities who have received free assistance
from the Environmental Finance Center Network!



Agenda

• Introduction to Stormwater Runoff and Urban Hydrology
• Climate Impacts on Stormwater
• Nutrients, Sediments & Stormwater Impacts
• Green Infrastructure Practices to Protect Infrastructure and Watersheds
• MS4 Permits
• Free EPA Online Tools on Green Infrastructure

• Green Infrastructure Wizard (GIWiz)
• National Stormwater Calculator (SWC)
• Green Values® Stormwater Management Calculator
• Green Asset Resource Database



Poll*

• Who do you represent
• Regulatory Agency
• Wastewater system/Drinking water system 
• Municipal government
• Academia 
• Consultant



Rainfall Runoff



Intro to Stormwater Runoff & Hydrology

Precipitation Runoff Conveyance Receiving 
waters

Infiltration

https://laidbackgardener.blog/wp-content/uploads/2021/06/20210628aa-eng-illustoon.com-favpng.com-.jpg


Watersheds 

• Watersheds are areas 
of land that channel 
water to a specific river, 
lake, or ocean. 

• stream network is 
comprised of multiple 
water bodies  



Healthy Watershed Services

• Flood insurance
• Filter for clean drinking water
• Treatment of stormwater runoff 
• Corridors for safe recreation and utilities
• Improved aquatic and terrestrial habitats for wildlife



runoff coefficient 

The runoff coefficient 
is the proportion of 
rainfall converted to 
runoff for different 
types of landcover and 
soil groups. It has a 
linear relationship with 
the watershed’s 
impervious cover

RV= 0.05 + 0.009(I)

Where (I) is the watershed imperviousness percentage. This 
linear relationship means more pavement equals more runoff.



Runoff volumes and land use

Land Use % Impervious Cover

Commercial and Business 
District 85–100

Industrial 70–80

High Density Residential 45–60

Medium Density Residential 35–45

Low Density Residential 20–40

Open Areas 0–10

Sources: MADEP, 1997; Kauffman and Brant, 2000; Arnold and 
Gibbons, 1996; Soil Conservation Service, 1975.

Calculating Runoff volume for 1 inch of rainfall 
for 10-acre area

Rv = 0.05 + 0.009 (%I)
𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽 = 𝑷𝑷 × 𝑨𝑨 × 𝑹𝑹𝒗𝒗

 Before Development (5% Impervious Cover)
Rv = 0.05, or 5% of rainfall in the catchment 

is converted to runoff
𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽 = (1/12”) (10 acres) (0.05) = 0.0416 
acre-feet of runoff (≈ 13,577 gallons)

 After Development (32% Impervious Cover))
Rv = 0.32, or 32% of rainfall in the 

catchment is converted to runoff
𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽 = (1/12”) (10 acres) (0.32) = 0.267 
acre-feet of runoff (≈ 86,900 gallons)



Runoff volumes and land use

USDA Natural Resources 
Conservation Service 
(NRCS) Curve Number (CN)

Potential 
Maximum 
Retention (S):

𝑆𝑆 =
1000
𝐶𝐶𝐶𝐶 − 10

Runoff Depth (Q): 

𝑄𝑄 =
𝑃𝑃 − 0.2𝑆𝑆 2

𝑃𝑃 + 0.8𝑆𝑆

Land 
Cover 
Type

Curve 
Number 
(CN)

Retenti
on (S)

Runoff 
Depth 
(Q)

Total 
Gallons

Open 
Green 
Space

61 (Soil 
Type B) 6.39" 0.08" ~21,700

Residen
tial (1/4 
acre)

75 3.33" 0.38" ~103,300

Paved 
Parking 
Lot

98 0.20" 1.77" ~480,500

• P= Precipitation (2 inches)
• Area= 10 Acres



Key Concepts

• Detention: This involves temporary storage used to attenuate 
peak discharges for short periods, typically ranging from 10 
minutes to an hour. The primary goal is to prevent downstream 
bankfull flooding and reduce stream erosion by releasing water 
at a controlled rate.

• Retention: This refers to practices that keep stormwater on-
site permanently, preventing it from becoming runoff. This is 
achieved through infiltration into the soil, evapotranspiration by 
plants, or harvesting (e.g., rain barrels or cisterns)



Key Concepts

• Peak flow: (or peak discharge) refers to the highest rate of 
streamflow recorded during a specific storm event

equation to estimate peak flow: Q=CiA

• Flow Attenuation: This is the process of using temporary 
storage to minimize or "flatten" these runoff peaks. 



Design Storms

A design storm is a simulated 
rainfall event based on 
historical data used for 

engineering and regulatory 
purposes.

• A 100-year storm has a 1% 
chance of occurring in any given 
year.

• A 2-year storm has a 50% 
chance of occurring in any given 
year.

A design storm is defined by 
its duration (commonly 24 

hours), its depth (the amount 
of rain in inches), and its 

return interval (frequency).

• A community might use the 1-
year storm for water quality 
treatment but must design 
infrastructure to handle the 100-
year storm to prevent extreme 
flooding.



IDF Curves

• Used to design 
stormwater 
infrastructure

• Relate rainfall 
intensity or depth to 
duration & return 
period

• Based on historical 
precipitation data



DDF Curves

• DDF Curves focus 
on total rainfall depth

• Useful for designing 
storage systems 
such as detention 
basins, retention 
ponds, and green 
infrastructure

How much precipitation would be expected for a storm event that is 10 days 
in duration and has a 1% chance of being observed?



Climate Change & Stormwater 
Impacts



Poll*

• How would you describe the change in rainfall patterns 
affecting your infrastructure over the last 10 years?
• More frequent intense "flash" storms
• Higher total seasonal volumes
• No significant change noticed
• Decreased rainfall / Drought periods



Extreme Rainfall

• Precipitation patterns have
changed over past century

• Heavy rain events have
become heavier

• More of annual rainfall
in fewer events

*Source: National Climate Assessment (2018)

Observed change in total annual precipitation falling
in the heaviest 1% of events*

Projected change in total annual precipitation falling 
in the heaviest 1% of events by late 21st century*



Extreme Rainfall



Extreme Rainfall Implications

Combined Sewer Overflows (CSOs)
• In older systems, stormwater and 

wastewater share the same pipe. Heavy 
rain causes the system to exceed 
capacity, discharging untreated sewage 
directly into waterbodies.

Physical Impacts
• Erosion: High-velocity flows scour stream 

banks.
• Infrastructure Damage: Collapse of 

roads and  utility lines.
• Economic  Cost: Property damage and 

disruption to local economies.
Source: NPR (https://apps.npr.org/ellicott-city/)



Why Stormwater Matters

Stormwater directly 
affects influent 

quality, flows, and 
plant stability

High-flow events 
can cause 
bypasses, 

overflows, and 
permit violations

Stormwater carries 
nutrients, sediments, 

oils, metals, and 
bacteria

Understanding 
stormwater helps 
operators protect 
plant performance 
and the receiving 

watershed



Nutrients, Sediments & 
Stormwater Impacts



Source: https://www.bcwater.org/threats/



Pollution Sources



Pollution Sources-Road Salting

Toxic Chloride Levels
• Salt is harmful to fish, 

amphibians, and invertebrates, 
rapidly reducing aquatic 
biodiversity.

Persistent Contamination
• Chloride does not break down; 

it accumulates indefinitely in soil, 
groundwater, and freshwater 
ecosystems.

Heavy Metal Mobilization
• Increased salinity triggers 

chemical reactions that release 
heavy metals from sediment into 
the water column.

Pre-treatment
• Applying brine before storms 

prevents ice bonding and 
reduces overall salt usage.

Equipment Calibration
• Calibrating trucks ensures 

precise application and 
prevents oversalting.

Smart Alternatives
• Using alternative materials 

(e.g., magnesium chloride) or 
abrasives like sand.

Innovative approaches to reduce salt usageSalting Impacts on waters



Pollutant Impacts 

Accumulation
• During dry periods, 

pollutants 
accumulate on 
roads and roofs. 
Atmospheric 
deposition adds 
airborne particles.

Precipitation
• Rain acts as a 

solvent, mobilizing 
solids and 
dissolving 
chemicals.

The First 
Flush
• The initial wave of 

the storm sweeps 
the highest 
concentration of 
pollutants into the 
conveyance 
system.



Natural Cover (Meadow) Impervious Cover (Parking Lot)

• Curve Number (CN): 58
• Runoff Coefficient: 0.06
• Annual Nitrogen Load: 2.0 lbs/ac/yr
• Peak Discharge (100-yr storm): 3.1 cfs

• Curve Number (CN): 98
• Runoff Coefficient: 0.95
• Annual Nitrogen Load: 15.4 lbs/ac/yr
• Peak Discharge (100-yr storm): 12.6 cfs

Importance of Perviousness



Poll*

• What is  the most persistent Water Quality concern you face at 
your plant or in your watershed?
• Road salt and high chloride levels
• Nutrient loading (Phosphorus/Nitrogen)
• Sediment and trash accumulation
• Heavy metals and oils  from "First Flush" events



Stormwater Practices to 
Protect Watersheds



Existing Infrastructure 

Gray Infrastructure
• Built with a single goal to move water away as fast as possible.

Consequences:
• Prevents natural ground filtration. 

• Concentrates pollutant loads.

• Delivers high-velocity flows that scour stream banks.



Stormwater Practices to Protect 
Watersheds

• Structural practices:
• Detention/retention basins
• Swales and bioswales
• Rain gardens
• Permeable pavement
• Constructed wetlands

• Non-structural practices:
• Street sweeping
• Erosion control



Green Infrastructure



Poll*

• How familiar is  your team with designing or maintaining Green 
Infrastructure (Bioretention, Permeable Pavement, etc.)?
• We are just starting to learn
• We have some projects in place
• We have a robust, established program



Green Infrastructure

RainGardens
Excavated depressions

with engineered soiland
salt-tolerant plants. They

collect runoff,allow
sediment to settle, and

filter pollutants.

Permeable Pavements
Porous asphalt or pavers 

allow water to pass
through to astone
reservoir.Reduces 
winter icing and

restores groundwater
recharge.

Vegetative Swales
Open channels with 

vegetation that convey
and runoff,serving asa
greener alternative to

concrete curbs and
gutters.



Green Infrastructure (GI) as a Buffer

• GI slows, spreads and soaks 
stormwater—helping to reduce: 
• Inflow & infiltration
• Peak wet-weather flows
• Shock loads to biological 

processes
• GI examples relevant to small 

systems and communities
• Riparian buffers
• Wetland restoration
• Vegetated filter strips
• Tree canopy expansion

• GI can help extend the life of 
your treatment infrastructure

How bioretention works

Source: 
https://filetransfer.nashville.gov/Portals/0/SiteContent/WaterServices/Stormwat
er/docs/SWMM/2021/vol5/GIP01_Bioretention_2021.pdf

https://filetransfer.nashville.gov/Portals/0/SiteContent/WaterServices/Stormwater/docs/SWMM/2021/vol5/GIP01_Bioretention_2021.pdf
https://filetransfer.nashville.gov/Portals/0/SiteContent/WaterServices/Stormwater/docs/SWMM/2021/vol5/GIP01_Bioretention_2021.pdf


Co-Benefits  of Green Infrastructure

Source: https://www.cleanwisconsin.org/wp-content/uploads/2023/03/Green-Infrastructure-Toolkit-for-WI-Municipalities-3.7.23.pdf
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Green Infrastructure Retention Potential

Source: https://www.cleanwisconsin.org/wp-content/uploads/2023/03/Green-Infrastructure-Toolkit-for-WI-Municipalities-3.7.23.pdf

https://www.cleanwisconsin.org/wp-content/uploads/2023/03/Green-Infrastructure-Toolkit-for-WI-Municipalities-3.7.23.pdf
https://www.cleanwisconsin.org/wp-content/uploads/2023/03/Green-Infrastructure-Toolkit-for-WI-Municipalities-3.7.23.pdf
https://www.cleanwisconsin.org/wp-content/uploads/2023/03/Green-Infrastructure-Toolkit-for-WI-Municipalities-3.7.23.pdf
https://www.cleanwisconsin.org/wp-content/uploads/2023/03/Green-Infrastructure-Toolkit-for-WI-Municipalities-3.7.23.pdf
https://www.cleanwisconsin.org/wp-content/uploads/2023/03/Green-Infrastructure-Toolkit-for-WI-Municipalities-3.7.23.pdf
https://www.cleanwisconsin.org/wp-content/uploads/2023/03/Green-Infrastructure-Toolkit-for-WI-Municipalities-3.7.23.pdf
https://www.cleanwisconsin.org/wp-content/uploads/2023/03/Green-Infrastructure-Toolkit-for-WI-Municipalities-3.7.23.pdf
https://www.cleanwisconsin.org/wp-content/uploads/2023/03/Green-Infrastructure-Toolkit-for-WI-Municipalities-3.7.23.pdf
https://www.cleanwisconsin.org/wp-content/uploads/2023/03/Green-Infrastructure-Toolkit-for-WI-Municipalities-3.7.23.pdf
https://www.cleanwisconsin.org/wp-content/uploads/2023/03/Green-Infrastructure-Toolkit-for-WI-Municipalities-3.7.23.pdf
https://www.cleanwisconsin.org/wp-content/uploads/2023/03/Green-Infrastructure-Toolkit-for-WI-Municipalities-3.7.23.pdf
https://www.cleanwisconsin.org/wp-content/uploads/2023/03/Green-Infrastructure-Toolkit-for-WI-Municipalities-3.7.23.pdf
https://www.cleanwisconsin.org/wp-content/uploads/2023/03/Green-Infrastructure-Toolkit-for-WI-Municipalities-3.7.23.pdf
https://www.cleanwisconsin.org/wp-content/uploads/2023/03/Green-Infrastructure-Toolkit-for-WI-Municipalities-3.7.23.pdf
https://www.cleanwisconsin.org/wp-content/uploads/2023/03/Green-Infrastructure-Toolkit-for-WI-Municipalities-3.7.23.pdf


Poll*

• Which Green Infrastructure practice do you believe has the 
highest potential for success in your specific community?
• Bioretention & Rain Gardens
• Permeable Pavement
• Tree Planting and Canopy expansion
• Water Harvesting (Rain barrels/cisterns)
• Wetlands 



MS4 Permits



Municipal Separate Storm Sewer System 
(MS4 Permits)

• An MS4 Permit (Municipal Separate Storm Sewer System) 
is a regulatory requirement under the Clean Water Act 
designed to reduce the discharge of pollutants from storm 
sewer systems into local water bodies. 

• These permits are essential for managing the impacts of 
urban runoff on watersheds.

• MS4 programs are the primary line of defense against the 
degradation caused by extreme rainfall and urbanization



Municipal Separate Storm Sewer System 
(MS4 Permits)

Minimum Control Measures 
(MCMs)
• Public education & outreach
• Public involvement
• Illicit discharge detection & 

elimination (IDDE)
• Construction site runoff 

control
• Post-construction stormwater 

management
• Good housekeeping for 

municipal operations

MS4 activities directly 
influence I&I, influent 

quality, and wet-weather 
flows

Better stormwater 
control reduces 
plant stress and 
compliance risk

Stormwater + 
wastewater 

coordination = 
improved reporting, 

inspections, and 
emergency 
response



MS4 Compliance

• Recognize and report potential illicit discharges
• Support municipal housekeeping practices (chemical storage, 

yard management, vehicle washing)
• Assist with outfalls, manholes, drainage structures inspections
• Document wet-weather events that affect plant performance
• Coordinate with stormwater staff on I&I investigations and 

cross-connection issues



Engaging the Public

Why public 
engagement 

matters:

Reduces 
contamination 
from improper 

disposal

Builds support 
for funding 
and staffing

Helps prevent 
illicit 

discharges

Effective 
strategies:

Community 
cleanups

Utility open 
houses

Social media 
updates

Partnering 
with schools 

and local 
groups



Stormwater Education & Outreach

• Key messages for residents:
• “Only rain down the drain”
• Proper disposal of oils, chemicals, and wipes
• Yard care practices that reduce nutrients
• Pet waste management

• Tools for operators:
• Short videos
• Flyers, bill inserts, and door hangers
• Demonstrations at community events
• Partnerships with conservation districts



Tools & Resources for Green 
Infrastructure & Better 
Stormwater Management



Poll*

• In which area do you need the most support or training to 
improve stormwater management?
• Mapping
• Funding & Financing 
• Design & Maintenance 
• Planning 
• Grant Writing 



How’s my Waterway

https://mywaterway.epa.gov/

https://mywaterway.epa.gov/


Green Infrastructure Wizard (GIWiz)

• GIWiz offers EPA-
sourced Green 
Infrastructure tools 
and resources 
designed to support 
and promote 
sustainable water 
management and 
community planning 
decisions.

Source: https://cfpub.epa.gov/wizards/giwiz/

https://cfpub.epa.gov/wizards/giwiz/
https://cfpub.epa.gov/wizards/giwiz/
https://cfpub.epa.gov/wizards/giwiz/


National Stormwater Calculator (SWC)

• Informs users on how 
well they can meet a 
desired stormwater 
retention target with 
and without the use of 
green infrastructure. It 
can also be used by 
landscapers and 
homeowners.

10 Basic Steps to Analyze 
a site: 

Location → Soil Type → Soil Drainage → Topography → Precipitation/Evaporation → Climate 
Change → Land Cover → LID Controls → Project Cost → Results/Runoff

https://swcweb.epa.gov/stormwatercalculator/

https://swcweb.epa.gov/stormwatercalculator/


National Stormwater Calculator (SWC)

https://swcweb.epa.gov/stormwatercalculator/


Green Values® Stormwater Management 
Calculator

https://greenvalues.cnt.org/
https://greenvalues.cnt.org/




Green Asset Resource Database

https://swefcapps.unm.edu/gardb

https://swefcapps.unm.edu/gardb


Green Infrastructure Toolkit for Municipalities

Source: https://www.cleanwisconsin.org/wp-content/uploads/2023/03/Green-Infrastructure-Toolkit-for-WI-Municipalities-3.7.23.pdf
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Green Infrastructure Guidelines

https://www.denvergov.org/files/assets/public/v/1/doti/documents/standards/pwes-013.0-ultra_urban_green_infrastructure_guide.pdf

https://www.denvergov.org/files/assets/public/v/1/doti/documents/standards/pwes-013.0-ultra_urban_green_infrastructure_guide.pdf


This program is made possible under a cooperative agreement with US EPA.www.efcnetwork.org

Thank you!
Any Questions?

For Technical Assistance reach out at dkumar18@umd.edu
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