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Watershed

"We have to teach the general public to appreciate water -
clean water - both in quality and quantity. The American
people take it for granted. We can't take it for granted.”

"We can solve many of our problems in water quality by
good land management, taking care of the watershed.”

Luna Leopold, 2002
Retired Chief Hydrologist, U.S. Geological Survey

Watershed:

“Area of land that drains water, sediment, and
dissolved materials to a common outlet at some

point along a stream channel”
Dunne and Leopold, 1978

Watershed form is influenced by:
1. Climate

2. Geology & Soils

3. Fluvial Geomorphology

4. Vegetation

5. Land Uses

From Webster's Revised Unabridged
Dictionary (1913) :

Watershed, n [Cf. G. wasserscheide; wasser water +
scheide a place where two things separate, fr.
scheiden to separate.]

1. The whole region or extent of country which
contributes to the supply of a river or lake.

2. The line of division between two adjacent rivers or
lakes with respect to the flow of water by natural
channels into them; the natural boundary of a basin.

Other Terms: Catchment, Drainage basin, River basin




Watershed Functions: Water Transport & Storage

Transport & Storage: Hydrology: The study of the flow

1. Water of the eqrth’s waters through the
hydrologic cycle.

2. Sediment
3. Dissolved Materials Total V_Vatgr on Earth: 326 million

cubic miles

0,

Habitat: 97.2% oceans
1. Animals 2.15% ice caps and glaciers
2 Plants .65% lakes, streams, ground
3. Humans

water, atmosphere

The Hydrologic Cycle ]
Hydrologic Cycle
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Stream Corridor Restoration: Principles, Processe] Practices
1998. Federal Interagency Stream Restoration Wgr@rmup.

) Water Transport & Storage
Watershed Functions:

Hydrology: The study of the flow of the earth’s waters
through the hydrologic cycle

EREREIL o STEgE: Hydrograph: Displays change in flow (discharge over time
1. Water
2. Sediment Peak Flow
3. Dissolved Materials Rising

Limb Falling

Limb

Habitat:
1. Animals
2. Plants Mean Daily Flow
3. Humans

www.Geology.com




Precipitation
Runoff
Infiltration

Evapotranspiration

Extreme Weather!

Water Transport to Streams

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

What is a Stream?

Body of water with a current,
confined within a bed and
streambanks

Synonyms: brook, beck,
burn, creek, crick, kill, lick, rill,
river, syke, bayou, rivulet, run

Streams are conduits in the
water cycle and also
important habitats

Photo Credit: Eve Brantley, Auburn University

A Stream is a System:

¢ Channel (bed & banks)
* Floodplain

¢ Water

¢ Sediment

Plants & animals

Photo Credit: Eve Brantley, Auburn University




Stream Functions

1. Transport water

. Transport sediment

. Habitat (aquatic & terrestrial)

. Recreation & aesthetics
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. Safe Water Supply

Strahler Stream Order

Ephemeral

Intermittent

Perennial

Groundwater Influences Streamflow

Losing Stream Gaining Stream
Groundwater Recharge Groundwater
Discharge

Stream Corridor Restoration: Principles, Processas] Practices.
1998. Federal Interagency Stream Restoration WgriBroup.

Hyporheic Zone

Stream Morphology: size and shape




Stream Corridor Longitudinal Profile

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

Valley type affects
stream morphology

Colluvium is loose sediment
transported by gravity and
deposited at the bottom of a
slope.

Alluvium is sediment deposited
by a river in the channel or
floodplain

Alluvial valleys occur where
sediment particles are dropped
by slow-moving water.

Valley Types:

(www.epa.gov/watertrain/stream_class)

Valley Type Il
Moderately steep, gentle sloping side
slopes often in colluvial valleys

From EPA Watershed Academy: Fundamentals of the Ros __gen Stream Classification System

Valley Types:

(www.epa.gov/watertrain/stream_class)

Valley Type VIII
Wide, gentle valley slope with well-developed

floodplain adjacent to river terraces

From EPA Watershed Academy: Fundamentals of the Ros  gen Stream Classification System

Stream Corridor Lateral Profile

Stream Corridor Restoration: Principles, Processes, and Practices. 1998, Federal Interagency Stream Restoration Working Group.
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Meandering Stream with Scarp and Point Bar

Meandering Channel Cross-Section: Pool

Scarp

Point Bar

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

Alluvial River Processes

http://mwww.uwsp.edu/gEo/faculty/ritter/geog101/textbook/fluvial_systems/geologic_work_of streams.htm|



Chute cutoff across tight meander bend
Oxbow
Formation in
Meandering
Streams
Processes,and pracites. 1995 Fedard
DN _Flow dlverS|ty_
improves habitat:
* Riffles
» Steps
* Pools
Meandering Stream Riffles

» Steep slope
 High velocity

« High shear stress
» Large substrate

* High porosity




Pools

 Flat slope

» Low velocity

* Low shear stress
» Small substrate

» Scour during high flow

Runs and Glides

Velocities:
Low flow and
Flood flow

Little Garvin Creek,
Clemson, SC

What factors affect stream morphology?

» Width

* Depth

* Slope

* Velocity

« Discharge

* Flow resistance
« Sediment size
» Sediment load

Leopold et al (1964)

Sediment Transport

Flowing water does work:
* Erosion
 Transportation

 Deposition (of alluvium)

http:/www.uwsp.edu/gEo itter/geog101 ial_systems/geologic_work_of_streams.html

Sediment
Deposition:

Point bar
Lateral bar
Mid-channel bar
» Transverse bar
Delta bar




Lateral Bars:

Formed in
straight channels

Mid-channel Bars:

Formed in over-
wide channels

Natural Stream Channel Stability
(from Leopold)

¢ River has a stable dimension, pattern and profile
< Maintains channel features (riffles, pools, steps)
« Does not aggrade (fills) or degrade (erodes)

Bankfull Stage

“corresponds to the discharge at which channel maintenance is
the most effective, that is, the discharge at which moving
sediment, forming or removing bars, forming or changing bends
and meanders, and generally doing work results in the average
morphologic characteristics” (Dunne and Leopold,1978)

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

Pattern: Plan form

Alluvial (low-gradient)
streams naturally meander
across a valley with a
somewhat predictable pattern




Meander Length Ratio = meander length / width = 78/15 = 5.2
Meander Width Ratio = belt width / width = 57/15 = 3.8
Radius of Curvature Ratio = radius / width = 23/15 = 1.5

Belt

/ Width
Meander
Length

Stream Impairment
Causes (US EPA)

Pathogens
Sediment

Nutrients

Habitat Alterations
Organic Enrichment
Metals

PCBs

Temperature

. Flow Alterations

10. Mercury
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Stream Insults
e Straightening & dredging
¢ Floodplain filling
¢ Watershed manipulation
e Sedimentation & stormwater
¢ Pollution discharges
e Utilities & culverts
« Buffer removal
¢ Disdain & neglect

Watershed Land Use Changes

Development Impacts on the
Water Cycle
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Courtesy NEMO, Univ. of CT
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Impervious Surfaces Across the Landscape

Center for Watershed Protection

Driveways LTI

BB Nevo

Flow Rate, cfs

More Runoff

rriving Faster

Time, hours

Hydrologic Responses
to Urbanization

Increased discharge
Increased peak discharge

Increased velocities

Shorter time to peak flow
More frequent bankfull events
Increased flooding

Lower baseflow

© N o g M w DN e

Less ground water recharge
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CENTER FOR

Stream Condition Related to Impervious Surface

Good | protected

Poor

Degraded

Urban
Drainage

__Network |

Source: Center for Watershed

Sediment Sources

1. Land Disturbance
2. Channel Erosion
3. Bedload Transport
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Floodplain
Filling

What Makes a Stream Healthy?

Bed stability & diversity

Sediment transport balance
In-stream habitat & flow diversity
Bank stability (native plant roots)
Riparian buffer (streamside forest)

Active floodplain

Bed Stability & Diversity

« Appropriate size sediments
to resist shear stress

« Riffle/Pool sequences in
alluvial streams

¢ Step/Pool sequences in
high-gradient streams

Photo Credit: Eve Brantley, Auburn University

Riffles/pools/steps
Wood & rocks
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Sediment Transport Balance
¢ Minor erosion & deposition
¢ Alluvial bars and benches

« Sufficient stream power to avoid aggradation

In-stream Habitat & Flow Diversity

Bank Stability

« Dense native
plant roots

¢ Low banks with
low stress

Riparian Buffer (Streamside Forest)
< Diverse native plants

¢ Food and shade

Active Floodplain
* Regular (every year) flooding to relieve stress
¢ Riparian wetlands

¢ Stormwater retention & treatment

Why are Streams NOT Healthy?

Straightening
Dredging
Floodplain filling
Sedimentation
Stormwater
Utilities

Culverts & bridges
Buffer removal
Disdain & neglect
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What's wrong?

What's wrong?

"The oldest task in human history:
to live on a piece of land without
spoiling it. "

-Aldo Leopold
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