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How much water do we have?

Total volume of water on the planet:
326,000,000 cubic miles
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The Earth’s Water Distribution

« 97% of the water on earth is in
the oceans

« Only 3% of the water on earth
is freshwater

« About 2.4% of the freshwater
on earth is permanently frozen in
glaciers and at the polar ice caps

« About 1/2 of 1 % of the water
on earth is groundwater

* Only about 1/100 of 1% of the
water on earth is in the rivers and
lakes



I{UTGERS Stormwater 101

Four Phases to the Hydrologic Cycle

Condensation - the
reduction of a gas to a
liquid

Evaporation - to change a
liquid or solid into vapor

Precipitation - to
condense and cause to
fall as rain, snow, sleet,
etc.

Transpiration - the giving
off of moisture through
the pores of the skin or
through the surface of
leaves and other parts of
plants
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The Hydrologic Cycle
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What is stormwater or “runoff’?

Stormwater is the
water from rain or
melting snows that
can become “runoft,”
flowing over the
ground surface and
returning to lakes and
streams.
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Fig. 1.30 — Stream ordering in a drainage network. "1" = first order stream; "2" = second order stream, etc.
In Stream Corridor Restoration: Principles, Processes, and Practices (10/98).
Interagency Stream Restoration Working Group (15 federal agencies)(FISRWG).
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Stream Channel Cross-section
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Floodplains Are Dynamic Systems

backswamp

Source: Stream Corridor Restoration: Principles, Processes, and
Practices. 1998. Interagency Stream Restoration Working Group.

Rivers and streams are not only conduits of water, but also of sediment.
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Surface/Ground Water Interactions

water table

— -
-
-

water table

A. Influent Stream Reach B. Effluent Stream Reach

Fig. 1.16 - Cross sections of (a) influent and (b) effluent stream reaches. Influent or
"losing" reaches lose stream water to the aquifer. Effluent or "gaining" reaches
receive discharges from the aquifer.

In Stream Corridor Restoration: Principles, Processes, and Practices (10/98).
Interagency Stream Restoration Working Group (15 federal agenciesFISRWG).
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Riparian Corridor
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Meteorological Factors Affecting Runoff

*Type of precipitation (e.g., rain, snow, sleet, etc.)

*Rainfall intensity

*Rainfall amount

*Rainfall duration

Distribution of rainfall over the drainage basin

Direction of storm movement

*Proceeding precipitation and soil moisture

*Temperature, wind, relative humidity (i.e., factors that affect

evapotranspiration)
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Physical Characteristics Affecting Runoff

e Land use

e \egetation

e Soil type

e Drainage area
e Basin shape

e Elevation

Slope
Topography
Direction of
orientation
Drainage
network
patterns

Presence of
ponds, lakes,
reservoirs, etc.
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Google Earth image of the Variable Source Area hydrology
analysis for the Town Brook watershed. (Yellow is <0.2 cm,
teal is 0.2 to 0.4 cm, blue is >0.4 cm; average runoff depth)
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Hydrologic Implications of Land Use

Urban land uses lead to impervious
surfaces

« Commercial
* Industrial
* Residential
* Low Density
* Medium density

* High density

LANDUSE 1995 & * Other
AGRICULTURE . .
SARREN LAND % * Agriculture leads to land alteration
B Forest that might lead to erosion

" URBAN

B v~TER

WETLANDS
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Linking Land Use to Waterway Condition

More Imperviousness = More Water
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Impervious Cover

« provides a surface for
accumulation of
pollutants

 |eads to increased
polluted runoff and
flooding

* Inhibits recharge of
groundwater
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Impacts from Changing Landscape

Hyd rologic Effects
Disruption of natural water balance
— Increased flood peaks
— Increased stormwater runoff
—  More frequent flooding
— Increased bankfull flows
—  Lower dry weather flows
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The Impact of Development on Stormwater Runoff

40% evapotranspiration

natural conditions

25% shallow
infiltration
25% deep
infiltration

Natural Ground Cover
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The Impact of Development on Stormwater Runoff

38% evapotranspiration

low density
development

21% shallow

infiffration #‘c '

21% deep
infiltration

10%-20% Impervious Surface
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The Impact of Development on Stormwater Runoff

35% evapotranspiration

medium density
development

20% shallow
infiltration
15% deep
infiltration

35%-50% Impervious Surface
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The Impact of Development on Stormwater Runoff

urban
development

30% evapotranspiration

1000000
1000000
ooooooo
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infiltration

75%-100% Impervious Surface
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http://en.wikipedia.org/wiki/File:Rapid_Creek_flooding_1.jpg
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Impervious Cover & Stream Quality

e At 10% impervious cover, stream degradation (e.qg.,
changes in the aquatic biological community) is detectable.

e At 25-40% impervious cover, streams no longer support
biological/human uses.
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Impervious Cover & Stream Quality

Relationship between Impervious Cover and Stream Quality
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Types of Stormwater Management

e Traditional
— Dams, dykes and levies
— Hydraulic alterations (straighten, channelize, piped, etc.)
— Combined sewer systems
— Curb/gutter or open channel gutters

e Next generation
— Separate storm sewer systems (MS4s)

— Detention systems (minimize peak flows and volumes)
e Concrete flow-flow channel
e Fill and release slowly over time

SR—e !0 N| N {03 o] \ —————

e Low Impact Development
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Connected Impervious Surfaces (MS4)

* No chance for GW recharge for stream base flow
* No chance for infiltration/plant uptake for improved water quality

 Peak flow rates and volumes can be too high for stream carrying capacity




I{UTGERS Stormwater 101

Newer MS4s are Centralized
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Detention Basins and Po

200

150

100

Discharge (cfs)

50

0

Future condition runoff
{Inflow to detention basin)

\
\— Existing condition runoff

Qutflow from
detention basin

L~ A T e s !
3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Time (hr)

nds




RUTGERS Stormwater 101

Goals of Low Impact Development (LID)

e Mimic natural conditions and
water balance

e Decentralization/ disconnection

e Uniform distribution of small-
scale controls

Older NJ Municipalities are already at/near
build-out
« Unique approach to watershed management
» Requires a retrofits
* Incorporate natural systems as a feature
that complements the existing urban design
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Stormwater Management in Your Back
* workshops
* incentive programs
« demonstration rain gardens
* website

» landscaper training

Stormwater 101

Backyard rain gardens

Education and encouragement of
homeowners with help mitigate
existing problem of residential
impervious cover
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Point vs. Nonpoint

Point Source Pollution

VS.

Nonpoint Source Pollution

%

What’s the difference?
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Point Source Pollution
e comes from a specific source,
like a pipe

e factories, industry, municipal
treatment plants

e can be monitored and
controlled by a permit system
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?

What is nonpoint source pollution

e Nonpoint Source (NPS)
Pollution is pollution
associated with stormwater
or runoff

e NPS pollution cannot be
traced to a direct discharge
point such as a wastewater
treatment facility
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Examples of NPS

e 0il & grease from cars e sewage leaks

o fertilizers e household cleaning products
e animal waste o Litter

e grass clippings e Agriculture

e septic systems
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Naonpoint
Source Pollu
tion or people
pollution is con
tamination of our
waterwavs and ocean
that results from everyday
activities such as fertilizing
the Inwn, walking pets, changing
motor oil, and littering. With cach
rainfall, pollutants gencrated by these
activities are washed from stroets and
lawns into stormwater drains that flow into
our waterways and ocean

Each one of us, whether we know It or not,
contributes to nonpoint source pollution through our
daily activities. As a result, nonpoint source pollution is
the BIGGEST threat to many of our ponds, wks, lakes,

streams. rivers, bays, and the ocean

The collective impact of nonpaoint source pollution threatens agquatic
and marine life, recreational wator activities, the fishing industry,
tourism, and most importantly, our precious drinking water resources
Ultimately, the cost becomes the burden of every Now Jersey resident

But there 15 good news—in our everyday activities we can sStop nonpomt source
pollution and keoop our environment clean. Simple changes in YOUR daily life can
make a tremendoas difforence in the quality of New Jersey’s water resources. Flore are

fust a fow ways vou can reduce nonpoint source pollution

Litter: Place litter, including cigarette butts and fast food containers, in trash receptacies. Never
throw litter in strects or down storm drains. Recvele as much as possible!

Fertilizers: Fertilizers contain nitrates and phosphates that, in abundance, causo blooms of algae that
can lead to fish kills. Avoid overuse of fertilizers, and do not apply them before a rainfall

Pesticides: Many housohold rln.hu t5 madde o exterminate pests are also toxic to humans, animals, aguatic
organisms, and plants. Follow the label directions corefully. Do not overuse pesticides, and use natural alternatives
whenever possibly

Houscehold Hazardous Products: Many common bousehold products (paint thinners, moth balls, drain and oven cleaners,

O name & fow) contain toxic ingredients, When improperly used or discanded, these products are a threat to public health and
the environment. Do not pour hazardous products down any drain or tollet. Do not discard with regular household trash. Use
natural and less toxic alternatives whenever possible. Contact your County Solid Waste Management Office for Information

regarding hazardous waste collection in your area.

0_
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Pollutant Transport Mechanisms

NPS pollutants build up on land surfaces during dry
weather

> Atmospheric deposition (especially mercury)
> Fertilizer applications

> Animal waste

> Automotive exhaust/fluid leaks

Pollutants are washed off land surfaces during
precipitation events (stormwater runoff)

Stormwater runoff will flow to lakes and streams
FIRST FLUSH EFFECT
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Impact of Nonpoint Source Pollution

* fish and wildlife

* recreational water
activities

« commercial fishing

* tourism

 drinking water quality




RUTGERS Stormwater 101

Pollutants Found in Runoff

Sediment
Soil particles
transported from
their source

Biochemical Oxygen Demand (BOD)
e Oxygen depleting material

»Leaves

»Organic material

Toxics

e Pesticides
» Herbicides
» Fungicides
» Insecticides

e Metals (naturally occurring
in soil, automotive emissions/

tires)
> Lead
> Zinc
» Mercury

e Petroleum Hydrocarbons
(automotive exhaust and

fuel/oil)

Nutrients

» Nitrogen (N)
» Phosphorus (P)

e Various types of materials that become
dissolved and suspended in water (commonly
found in fertilizer and plant material):

Bacteria/ Pathogens
Originating from:

e Pets

e Waterfowl

e Failing septic systems

Debris

dumping

Litter and illegal

Thermal Stress
Heated runoff,
removal of
streamside
vegetation
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Potential Sources of Pollutants Found in Residential
Areas

e Nutrients: Fertilizers and
septic systems

e Pathogens: Pet waste and
septic systems

e Sediment: Construction, road
sand, soil erosion

e Toxic: Pesticides, household
products

e Debris: Litter and illegal
dumping
e Thermal: heated runoff,

removal of streamside
vegetation
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Why are these pollutants important?

e Sediment reduces light penetration in
stream, clogs gills of fish and aquatic
invertebrates, increases filling of
impoundments.

e Nutrients act as fertilizer for algae &
aquatic plants which can cause highI?/
varying dissolved oxygen levels. At low
DO levels, the aquatic life has the potential
to be harmed.

e BOD measures the amount of organic
matter that is decomposed by
microorganisms which deplete dissolved
oxygen.

e Toxics can impact life and contaminate
drinking water supplies.

e Bacteria/Pathogens are an indicator of
possible viruses present in the system.




