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Increased Erosion &
Sedimentation

Increased Runoff Volume Nitrogen, Phosphorous, Metals
& Other Pollutants

Increased Water Temperature

Common Problems
Associated with

Designated
Pollution Factors

♦ decreases light penetration
which decreases plant
production and respiration

♦ transports contaminants
♦ reduces flood storage

capacity
♦ alters habitat areas
♦ clogs gill tissue of fish and

other organisms; covers fish
spawning beds; suffocates
eggs

♦ transports pollutants
♦ contributes to flood events
♦ increases the volume of water

and the frequency of channel
forming events like bank
erosion or downcutting

♦ affects in-stream flow
patterns and can result in
wider and shallower streams

♦ nitrogen and phosphorous
contribute to increased algae
blooms and reduced
dissolved oxygen levels

♦ heavy metals are toxic to
aquatic organisms

♦ bacteria and pesticides
impact public health and may
be toxic to humans and
wildlife

♦ negatively affects fish growth
and their resistance to disease

♦ reduces dissolved oxygen
♦ stimulates the growth of

algae

Non-Structural BMP Solutions for Designated Pollution Factors
Increased Erosion &

Sedimentation Increased Runoff Volume Nitrogen, Phosphorous, Metals
& Other Pollutants Increased Water Temperature

Impervious Cover Reduction
Studies have shown stream
biodiversity decreases once
imperviousness exceeds 10%1, and
stream warming, during warmer
seasons, is related to impervious
surface.2

<Effective>
Reduces total suspended solids
by as much as 90% if
impervious area reduced by
20%.3

<Effective>
Reduces annual runoff volumes
by 20%-60% if impervious area
reduced by corresponding 20%-
60%.4

<Effective>
Nitrogen: 40%-70% reduction if
20%-40% less impervious cover5

Phosphorous: 40%-80%
reduction if 20%-40% less
impervious cover 6

<Inconclusive>
Prevents stream widening by
reducing sediment loads and
runoff volumes.  Stream
widening allows more direct
solar radiation and increased
water temperatures.

Water Quality &
Environmentally Sound Design
These designs cluster a variety of
housing types into a smaller portion
of the site allowing for more green
area and less impervious surface.

<Effective>
Reduction of impervious surface
by 20% reduces total suspended
solids by as much as 90%.7

<Effective>
Reduces runoff volumes and
peak flow rates by increasing
opportunities for natural
infiltration.

<Effective>
Nitrogen: 40%-70% reduction if
20%-40% less impervious cover8

Phosphorous: 40%-80%
reduction if 20%-40% less
impervious cover 9

<Effective>
Keeps water temperatures from
rising to excessively high levels
by limiting the amount of
impermeable surface within an
area.
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Non-Structural BMP Solutions for Designated Pollution Factors
Increased Erosion &

Sedimentation Increased Runoff Volume Nitrogen, Phosphorous, Metals
& Other Pollutants Increased Water Temperature

Higher Building Density in
Specified Areas (Urban Growth
Boundaries)
Higher building densities in
specified areas can offset lands
made unavailable for development
in riparian buffers and other
sensitive lands.

<Inconclusive>
Quantitative comparison of
compact vs. dispersed
development patterns not
available.

<Effective>
Runoff volumes per dwelling
unit from low-density projects
can be greater than runoff per
dwelling unit from high-density
projects.10, Low-density projects
may reduce impervious area per
project, but may require more
roads, resulting in more paved
area for whole watershed.

<Inconclusive>
Studies on the effect of higher
building density on pollutants
are not available.

<Inconclusive>
Quantitative comparison of com-
pact vs. dispersed development
patterns is not available.

Stream/Wetland Buffer
Buffers are usually established and
maintained through local
development ordinances.  They limit
sedimentation and erosion, provide
shade, contribute woody debris for
stream health, incorporate
floodways and allow for natural
stream channel movement. Buffers
provide connecting corridors
allowing wildlife to move safely.

<Effective>
Enhances sediment deposition
and reduces erosion.  Maintains
bank stability when vegetated.
Reduces sediment, nutrients, and
bacteria from runoff and septic
system effluent in rural and
agricultural areas.11  Reduces
between 40%-80% of total
suspended solids.12

<Effective>
Slows and reduces runoff
volumes by allowing natural
infiltration to occur.

<Effective>
Nitrogen: 25%-65% reduction
Phosphorous: 30%-70%
reduction13

<Effective>
Reduces water temperatures.14

Vegetation provides shade and
promotes stormwater infiltration.
Infiltrated stormwater cools
underground and is naturally
recharged to a stream as cool
groundwater.

Addition/Retention of Trees
Throughout the Watershed
Planting new or retaining existing
trees in developing areas provides
shade, erosion control and wildlife
habitat.  Tree preservation
ordinances are used in many cities
and counties.

<Effective>
Anchors soil and stabilizes
stream banks.  Slows water,
allowing for sedimentation on
banks where narrowing and
deepening are desirable (though
this may lead to loss of stream
capacity in other areas).

<Effective>
Tree canopy captures rain and
reduces runoff through
evapotranspiration.
Estimated that 37% loss in tree
cover in the Puget Sound area
over the last 24 years increased
runoff flow during a peak storm
event by 29%.15

<Inconclusive>
Puget Sound study estimates the loss
in tree cover contributes to an
additional 35 million annual pounds
of pollutants in the atmosphere. 16

<Effective>
Shade keeps surface waters cool
in warm weather and reduces
runoff temperature.  Vegetation
along riparian areas helps
prevent bank erosion and stream
widening. Stream widening
allows more direct solar
radiation and increased water
temperatures.17
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Non-Structural BMP Solutions for Designated Pollution Factors
Increased Erosion &

Sedimentation Increased Runoff Volume Nitrogen, Phosphorous, Metals
& Other Pollutants Increased Water Temperature

Use/Retention of Native
Vegetation
The use of native vegetation reduce
water, pesticide and fertilizer use.

<Effective>
Limits soil disturbance, which
contributes to erosion.  Prevents
soil erosion and preserves
habitat complexity.

<Effective>
Encourages infiltration, which
reduces runoff volumes.

<Effective>
Reduces need for pesticide and
fertilizer.

<Inconclusive>
Effectiveness has not been
determined.

Hillside Protection Overlay
Development restrictions in areas
with steep slopes limit soil erosion
and loss of tree canopy.  Soil
stability and tree canopy contribute
to fish and wildlife health and water
quality.

<Effective>
Reduces erosion by limiting
activities that would otherwise
contribute to disturbance in areas
with high erosion potential.

<Effective>
Generally, steeper slopes have a
high runoff velocity,
contributing to a shorter time of
concentration and greater peak
flow rates.

<Inconclusive>
Preserves vegetation in sensitive
areas, which may contribute to
an increased intake of nitrogen
and phosphorous.

<Effective>
Reduces excessive in-stream
sedimentation preventing wider,
shallower streams that respond
more rapidly to solar radiation
and high air temperatures.
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Structural BMP Solutions for Designated Pollution Factors

Increased Erosion &
Sedimentation

Increased Runoff Volume Nitrogen, Phosphorous, Metals
& Other Pollutants

Increased Water Temperature

Porous Paving for Low Use
Roads, Parking Lots,
Sidewalks & Driveways
Needs ongoing maintnance and
periodic vacuuming.18  Best when
applied on soil with good drainage.

<Inconclusive>
60%-90% removal of total
suspended solids.19 Reduces
impact by allowing runoff to
infiltrate.
Keep sediment-laden runoff
away from porous pavement; use
erosion and sediment control
devices during construction to
prevent clogging.

<Inconclusive>
Reduces volumes and peak
flows.  Increases opportunities
for groundwater recharge,
helping to restore the natural
hydrologic cycle.

<Inconclusive>
Facilitates better infiltration of
runoff and less erosion of
surface soils to surface waters,
which limits the transport of
adsorbed contaminants.

<Inconclusive>
Lowers temperatures by
contributing to an overall
reduction in runoff volume.

Wet Pond
Biological processes remove
pollutants.  Bottom layer can trap
most types of pollutants.  Needs to
be cleaned at 15-25 year cycles.20

<Effective>
50%-90% removal of total
suspended solids.21

<Effective>
Captures and slowly releases
runoff at controlled rates.  Able
to provide peak flow control.22

Most suitable for larger areas.23

<Effective>
Nitrogen: 10%-90% reduction
Phosphorous: 20%-90%
reduction24

Wet ponds may contribute
bacteria from water fowl.

<Inconclusive>
May contribute to warmer
temperatures in receiving
stream.  Shading vegetation can
reduce this effect.

Constructed Wetland
Similar to wet pond.  May consist of
shallow marshes, 2 to 3-celled pond,
extended detention and pocket
wetlands.  Treats runoff through
adsorption, plant uptake and
filtration.  Periodic maintenance is
necessary.

<Effective>
50%-90% removal of total
suspended solid.25,26

<Effective>
Controls runoff volumes by
allowing for infiltration.

<Effective>
Nitrogen: 40%-60% reduction
Phosphorous: 40%-80%
reduction
Heavy metals: 40%-80%
reduction.27

<Inconclusive>
May contribute to warmer
temperatures in receiving
stream.  Shading vegetation can
reduce this effect.

Sediment/Silt Basin
Non-natural structure that allows
sediment to settle out of runoff.
Used frequently at construction
sites, and for drainage areas 5-100
acres in size.  Sediment basins
designed as permanent structures
should meet all standards for wet
ponds.28

<Effective>
55%-100% removal of total
suspended solids.29  Maintenance
is essential to ensure
effectiveness.

<Inconclusive>
Generally, used more for ability
to capture sediments and
pollutants rather than ability to
reduce peak runoff flows.

<Effective>
Effective in removing
phosphorous and metals loads
from incoming runoff.

<Inconclusive>
May contribute to warmer
temperatures in receiving
stream.  Shading vegetation can
reduce this effect.
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Structural BMP Solutions for Designated Pollution Factors

Increased Erosion &
Sedimentation Increased Runoff Volume

Nitrogen, Phosphorous, Metals
& Other Pollutants Increased Water Temperature

Trapped Catch Basin
Type of water quality inlet
consisting of a single-chambered
device to collect runoff.  The basin
rests below the outlet pipe, allowing
water to rest and sediments to settle.
Semi-annual maintenance is
important to ensure effectiveness.

<Effective>
Estimated 22% removal of total
suspended solids runoff.30

Moderately effective in trapping
total suspended solids.

<Inconclusive>
Not intended for reducing peak
runoff flows or runoff volumes.

<Inconclusive>
Not associated with significant
pollutant reductions other than
those associated with sediment
removal. 31

May be used with prefiltering
inserts such as charcoal, wood
fibers or fiberglass for additional
pollutant removal.

<Inconclusive>
Available research does not
suggest a significant relationship
between trapped catch basins
and stream temperatures.

Dry/Wet Swale
Shallow vegetated ditches.  Wet
swales more appropriate when
water table is close to surface and
typically have dead storage below
elevation of discharge point.  Runoff
is sent through a grass filter strip,
and may be sent through a second
BMP for further treatment before
being discharged.  Most suitable for
10 acre sites or less.

<Effective>
20%-40% removal of total
suspended solids.32

Portland Parkrose bioswale
removes 78% of total suspended
solids.33

<Effective>
Portland Parkrose bioswale
reduces storm volumes
significantly.34

<Effective>
Total Nitrates: 10%-30%
reduction
Phosphorous: 20%-40%
reduction35

Metals:
Portland Parkrose bioswale
reduces metals such as lead,
zinc, cadmium and copper by
more than 50%.36

Other Pollutants:
Up to 75% reduction of oil,
grease and petroleum
hydrocarbons.37

<Effective>
Portland Parkrose bioswale
demonstrated an average runoff
temperature reduction of 10%
between the inlet and outlet for
three sampling events.38

Vegetated Filter Strip
Area of vegetation used to remove
sediment and other pollutants.
Frequently designed for sheet runoff
from less than 5 acre sites, such as
parking lots.

<Effective>
40%-90% removal of total
suspended solids.39

<Inconclusive>
Provides increased infiltration of
stormwater, decreasing runoff
volumes though generally not
effective against high-velocity
flows.40

<Effective>
Nitrogen: 20%-60% reduction
Phosphorous: 30%-80%
reduction41

Total Metals: 40%-50%
removal of total metals for
parking lots42

<Inconclusive>
Though minimal, shading from
vegetation along filter strips may
contribute to cooler water
temperatures.
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Structural BMP Solutions for Designated Pollution Factors

Increased Erosion &
Sedimentation Increased Runoff Volume

Nitrogen, Phosphorous, Metals
& Other Pollutants Increased Water Temperature

Infiltration Trench
Shallow ditch, 2-10 feet deep,
backfilled with stone where runoff
slowly infiltrates into subsoil then
into groundwater.  Used for smaller
sites.  May clog in 5 years.  Most
effective when used with
pretreatment devices (i.e., vegetated
filters).43

<Effective>
50%-100% removal of total
suspended solids depending on
soil type.44  Where chemical
contamination risk is low, useful
in capturing sediments.45

<Inconclusive>
Larger systems may help reduce
runoff volumes.

<Effective>
Nitrogen: 50%-100% removal
depending partially on soil type
Phosphorous: 50%-100%
removal depending partially
upon soil type.46

<Inconclusive>
Prevents stream widening by
reducing sediment loads and
runoff volumes.  Stream
widening allows more direct
solar radiation and increased
water temperatures.

Roof Downspout Drain
Consists of small trenches,
sometimes filled with gravel, that
collect and filter roof runoff.
Typically, residential roof
downspouts drain directly into storm
sewers.

<Effective>
Redirecting rooftop runoff
through porous surfaces can
significantly reduce runoff
volumes. 47

<Effective>
Annual runoff volume can be
decreased by as much as 50%
for medium-to-low density
residential land uses.48

<Effective>
Significant effect in reducing
pollutant load by reducing runoff
volumes that reach surface
water.49

<Inconclusive>
Prevents stream widening by
reducing sediment loads and
runoff volumes.  Stream
widening allows more direct
solar radiation and increased
water temperatures.

Farm Animal Management
Farm animals contribute to erosion
and increased nutrient and bacteria
levels in runoff.  Livestock BMPs
include containment of
contaminated runoff, proper storage
and disposal of manure, installation
of runoff treatment systems,
reduction of livestock densities, and
separation of livestock from
sensitive water quality areas.

<Effective>
BMPs that limit contact between
farm animals and sensitive
riparian areas reduce erosion and
sedimentation.

<Effective>
BMPs for large farm animals
areas that reduce density or
modify practices to prevent
compacted soils or amended
areas reduces runoff.

<Effective>
Runoff from farm animal areas
can be high in nutrients and
bacteria from animal feed and
manure.  Water quality can be
protected if these areas are not
directly adjacent to streams or
sensitive areas.

<Inconclusive>
Prevents stream widening by
controlling farm animals and
protecting against erosion.
Stream widening allows more
direct solar radiation and
increased water temperatures.
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