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Stormwater Runoff
Section I



Impervious surfaces such as roofs, roads, parking lots, and sidewalks prevent 
rainfall from soaking into the ground or being taken up by vegetation.

What is stormwater runoff?

Source:  Arnold and Gibbons (1996)



Where does stormwater go?

• Surface water or 
underground.
• Gutters, catchbasins, pipes, 

outfalls
• Ditches, open channels
• Streams and rivers

• Pollutants on ground 
surfaces are conveyed via 
stormwater and enter 
streams.

• No end of pipe treatment 
system (treatment plant).

Brown and Caldwell 



• Pollutants captured and carried by runoff include: 
−Sediment 
−Nutrients 
−Pesticides 
−Oil & grease
−Metals
−Bacteria
− Toxins
− Litter

Water quality problems with stormwater
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Brown and Caldwell



Increased runoff volumes and rates are a 
problem too
• Higher flows and volumes 

can lead to flooding (due to 
pipe capacity issues). 

• Accelerated erosion of 
streambanks impacts 
property, habitat, and water 
quality.

• Increased frequency of 
small storms is also an 
issue (hydromodification).



Clean Water Act
Section II



Ohio River on fire, 1969

Fish kill resulting from municipal 
sewage and industrial discharges into 
the Cuyahoga River, 1969

I. Clean Water Act

• CWA was an amendment to the 
1948 Federal Water Pollution 
Control Act (Truman).

• CWA included expansion and 
reorganization of the Pollution 
Control Act in 1972.

• Designed to achieve the goal of 
restoring and maintaining the 
“chemical, physical and biological 
integrity of the nations waters”.



• 1972: EPA was directed to administer programs:
− Implement water quality standards
− Regulate the discharge of pollutants (issue point source 

permits)
− Fund construction of treatment plants

• 1987: Included nonpoint source permitting (industries, 
municipalities, and construction sites).

I. Clean Water Act (Amendments)



• Implemented by the EPA and/or individual states.
• In Oregon, state standards exist for instream water 

quality.
• Standards include the following elements:
− Designated beneficial 

uses 
− Water quality criteria
− Anti-degradation policy

Water quality standards

12



• DEQ requires that Integrated Reports (305(b)) be 
prepared every 2 years to summarize data.

• If instream data indicate standards are exceeded, the 
water body is placed on the 303(d) list.

• A Total Maximum Daily Loads (TMDL) program must 
be developed for water bodies on the 303(d) list.

Water quality standards

13



• TMDL programs establish the allowable 
pollutant load a water body can receive without 
exceeding standards.

• The allowable load is 
distributed/allocated 
among the various
dischargers/jurisdictions.

A TMDL is the pie, load allocations are a 
piece of the pie.

TMDL programs





• 31 basins have TMDLs covering 1,206 stream 
segments.

• The Willamette Basin TMDL addresses: 

• The Tualatin Basin TMDL addresses: 
− temperature 
− bacteria 
− chloropyll a
− pH
− dissolved oxygen

TMDL programs

− temperature − dissolved oxygen 
− bacteria − dieldrin/ DDT 
− mercury − turbidity
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• 1987 Water Quality Act:
− Added selected nonpoint sources to the NPDES 

permitting program
• Municipal separate storm sewer systems (MS4s)
• Industrial runoff
• Construction site runoff (focused on erosion control)

NPDES permitting program



• Early 1990s-Municipalities with >100,000 in 
population were required to get Phase I NPDES 
permits for runoff from their MS4s.

• Applied to six permit areas representing approximately 
33 jurisdictions in Oregon.
− Gresham
− Eugene
− Salem
− Portland
− Clackamas County
− Clean Water Services

MS4 NPDES permitting program
Phase I permits



• Clackamas County Service District #1 (CCSD #1)
• Surface Water Management Agency of Clackamas County (SWMACC)
• Clackamas County DTD
• Gladstone
• Happy Valley
• Johnson City
• Lake Oswego
• Milwaukie
• Oak Lodge Water Services District
• Oregon City
• River Grove
• West Linn
• Wilsonville

Clackamas County Co-permittees



MS4 NPDES permitting program
Phase I permit
• A two-part permit application:
− 1991 Part 1: Storm system 

information gathering
− 1993 Part 2: Stormwater 

Management Plan (SWMP) 
development

• The central element of the 
applications was the 
development of a SWMP.

• Permits subject to MEP std.



• 1995 – 2000:  1st permit term
• 2004 - 2009:  2nd permit term
• 2012 - 2017:  3rd permit term
• Next permit?

MS4 NPDES permitting program
Phase I permit

Note:  Phase II permits for 
smaller communities were first 
issued in 2007.



• Implement a SWMP that addresses the following program areas:
− Illicit Discharge Detection & Elimination
− Industrial and Commercial Facility Inspections 
− Construction Site Runoff Control
− Education and Outreach
− Public Involvement and Participation
− Pollution Prevention for Municipal Operations 
− Water Quality Facility Maintenance
− Post-Construction Site Runoff

• Annual reporting.
• Monitoring (analyzing stormwater 

samples).

Current NPDES MS4 Permit 
Requirements



Illicit Discharge Detection & Elimination

• Develop, implement, and enforce an 
IDDE program.
− System maps
− Ordinance
− Dry weather screening program
− Inform the public
− Respond to complaints
− Identify sources
− Eliminate discharges, as discovered
− Respond to spills



Industrial and Commercial Facility 
Inspections
• Screen existing and new facilities.
• Track industries required to obtain 

1200Z permits.
• Consider whether commercial 

facilities should be added to the 
program.

• Establish priorities and procedures 
for inspection.  



Construction Site Runoff Control

• Develop, implement, and enforce a program to 
reduce pollutants from construction activities.
− Applies to sites that are 1,000 square feet or larger 

• Provide education to construction site operators.
• Provide an erosion control manual.
• Conduct site plan reviews.
• Conduct inspections.



Public Involvement and Participation

• Implement a public education program and 
distribute public education materials.
− Staff training on pest management and spill response
− Brochures
− Events
− Catch basin stenciling
− Watershed groups
− Website
− Pet waste pick up

• Implement a public participation process.



Pollution Prevention for Municipal 
Operations
• Develop and implement an O&M 

program to reduce pollutants from 
municipal operations.

• Employee training.
• Erosion control for street repairs.
• Street sweeping.
• Pest management program.
• Manage runoff from municipal 

facilities.
• Eliminate cross connections.
• Consider water quality in CIP 

projects.



Water Quality Facility Maintenance

• Inventory and map water quality 
facilities.

• Develop inspection and 
maintenance schedule.

• Develop criteria and priorities for 
inspections and maintenance.

• Develop tracking mechanisms.
• Ensure inspectors are trained.



New Development and Redevelopment

• Develop, implement, and enforce a 
program to address pollutants from new 
and re-development with impervious 
surface areas of 1,000 SF or greater.

• Target natural surface or pre-development 
hydrologic functions.

• Optimize on-site retention.
• Reduce runoff volume, duration, and rates.
• Prioritize and include implementation of 

LID, green infrastructure or equivalent 
approaches.

• Capture and treat 80% of average annual 
runoff.



New Development and Redevelopment

• Eliminate barriers to Low Impact Development 
(LID).

• Develop or reference an enforceable manual.
• Require equivalent measures when the project site 

is characterized by factors limiting use of on-site 
methods.

• Develop inspection 
and enforcement 
response procedures.



Monitoring

• Analyze stormwater and 
biological samples from 
outfalls and streams:
− To identify or track trends
− To evaluate the effectiveness 

of the program
− To compare to water quality 

standards
− To identify sources
− To estimate loadings



• TMDL benchmarks (completed 2017).
• Hydromodification assessment (completed 2015).
• Retrofit strategy (completed 2015).

• Construction of a retrofit (completed 2016/17).

• Waste Load Allocation (WLA) 
attainment assessment 
(completed 2015).

Additional Phase I permit requirements



Bacteria Sources - Instream

33Brown and Caldwell



Bacteria Sources - Stormwater

34Brown and Caldwell



Wrap Up/Questions
Section III
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