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Why Non-Engineers??

* Not all NRCS conservation professionals are
trained in these fairly specialized disciplines.

= No intention to alienate anybody—in fact many
engineers commonly encounter these
concepts in college.

" Present fundamental concepts and resources
for conservation planners
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Graphic: D. Montgomery, UW



Common Goals

Reduce erosion and conserve soll
Improve water quality/quantity
Increase and enhance wildlife habitat
Preserve streambank function

Create functional stream corridors



Common Terms




e Resource

— Download for this
Webinar will include a
list of resources—with
links—for later use.

— If links are broken,
contact me and I’ll send
you a digital or printed

copy!




Definition

* Hydrology: Earth science concerned with
the origin, circulation, distribution, and
properties of water.

= Key elements:

* measurement of fluxes of water (as
streamflow, ground-water discharge, etc.)

* manners by which the fluxes affect the
landscape (erosion, plant growth, etc.).



The Hydrologic Cycle



Drainage Basins

Graphic: D. Meontgomery, UW

Material moves downhill under the influence of gravity



River Systems




Basic River Anatomy




Measuring Streamflow




Measuring Streamflow

Unit = Cubic feet or , ,
mEtEI"S per Second | : In each subsection:
(cfs or cms) Area = x Width

Discharge = Area x




Measuring
Streamflow







Hydrograph




Flow Duration Curve

Alsea River near Tidewater (WY 1991-2000)
USGS 14306500
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Percent of time that indicated discharge was equaled or exceeded




Flow Recurrence Intervals

Alsea River near Tidewater (WY 1991-2000) USGS 14306500
Flood Frequency

100,000 -+




Probability and Prediction

e Plotting on probability or
log axes helps data to fit a
straight line. Infers
predictive ability.

 Same data on a linear plot
shows how much
extrapolation is needed to
infer same 100-yr event.

e 30-year mortgage in 100-
year FEMA floodplain—
26% chance of being
flooded



USGS National Water Information System




USGS National Water Information System



USGS National Water Information System

USGS National Water Information System




USGS National Water Information System

Discharge, cubic feet per second
Most recent instantaneous value: 163 07-17-2012 11:45 MDT

USG5 686628088 HORTH PLATTE RIVER HMEAE NOETHGATE, CO



USGS StreamStats




USGS StreamStats




USGS StreamStats




USGS StreamStats




USGS StreamStats




USGS StreamStats




USGS StreamStats




USGS StreamStats




Drainage Basin Factors Affecting Runoff and
Streamflow

Precipitation amount
and type

Geology
Soils

Scale
Slope
Shape
Aspect
Land Cover



Normalized Streamflow
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Basin Scale, Slope and Shape Influences

Streamflow

Graphic: D. Montgomery, UW



Land Cover Influences Streamflow
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Land Cover Change—Skagit River, WA State

Graphic: D. Montgomery, UW



Land Cover Influences Streamflow
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Definition

* Fluvial Geomorphology: The study of
landform changes driven by flowing
water

* Fluvial: of, found in, or produced by a river
(from Latin fluvius)

= Geomorphology: nature and origin of
landforms



Streamflow and Channel Form

(Fluvial) (Morphology)
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Governing Variables

* Climate, geology, topography,
vegetation, and land use govern

streamflow, large wood, and sediment
balance.

* River channel and floodplain morphology
(width, slope, depth, pattern, etc.)
adjusts to prevailing regime. Vegetation
moderates adjustments.



River Systems and Processes




River Architecture =}

Changes
Downstream i

= Slope + \

* Bed material size
= Streamflow 1t

= Channel width t

= Channel depth t

* Flow velocity ¢

= Material stored in
floodplains t

= Relative influence of
vegetation on channel
and floodplain form t



A Note on Channel Type

e Alluvial

— Channels formed in and by sediment
transported by the river (aka alluvium) under its
current hydrology and climate.

— “Self-formed” channels that are free to adjust
their shape in response to flow changes.

e Non-alluvial

— Channels not formed in alluvium
e Bounded by bedrock or concrete
e Deeply cut into hillslope deposits




Floodplains and Terraces

e Floodplain - Surface built and maintained
by a river channel under the current
hydrologic and sediment transport regime.

e Terrace - Floodplain surfaces formed earlier
under different climate and sediment
transport conditions. Also known as
“abandoned floodplain”.







River Channels and Floodplains

e Profile — longitudinal form, slope, gradient

e Pattern — planform (aerial) appearance

e Dimension - cross sectional shape and size
— Substrate - size and distribution of sediment

— Vegetation — type and location along channel



Channel Profile

Cadimant Qira



Base Level

* Limiting level for
erosion

e Ultimate base
level is global
sea level

* Local base level
controlled by
dams,
landslides,
waterfalls



Channel Pattern

e Straight

e Braided

e Anabranched
e Meandering

» Either by reach or by river—channel
patterns exist at a variety of scales



Straight




Straight

Rare in nature — inherently unstable

Are sinuous (bendy), but bends appear
randomly

Generally associated with bedrock, faulting
and/or uplift

Commonly attributed to human
modifications







Braided




Braided

Complex flow patterns
Little to no vegetation
Extreme channel migration rates

Irregular but very active sediment transport
and deposition

Common at high latitudes and in
mountainous areas or lowland sandbed
settings

Often seen after debris flow events




Anabranched




Anabranched

 Similar to braided although islands are
stable and often vegetated (or stabilized by
vegetation)

e Usually large sediment supply

e Low gradient and often fine-grained bank
sediments




Meandering










Streamflow and Channel Form

e Streamflow governs channel and floodplain
morphology

e Major floods do a lot of work, but are
infrequent

e Low flows minimally influence channel and
floodplain morphology

e SO—that leaves the flows in the middle!!!




Bankfull Flow

e Discharge where water just begins to leave the
stream channel and spread onto the

floodplain. Occurs every 1 to 3 years (on
average) in stable alluvial temperate streams.




Bankfull Flow

e Considerable research across the world
shows a relationship between drainage
basin area and bankfull flow

e Bankfull flow and channel dimensions
— Channel Area (Width X Depth)

e Or, channel dimensions as a function of
drainage area (Regional Curves)




More About Bankfull Flow

e Bankfull flow does the most amount of
geomorphic “work” over time by:

— Transporting biggest sediment
— Maintaining channel form
— Driving channel migration

e Transport of sediment bigger than sand
begins at flows equal to about 60% of
bankfull flow with most particles in motion
at ~90% of bankfull flow.




Youngs Branch near Groveton, VA




Bankfull Flow Indicators

Bankfull Indicator Reference

Wolman 1955

Pickup and Warner 197@
Highest elevation of channel bars Wolman and Leopold 1957
Elavation of middle bench in rivers with several |,,. . -

overflow sections Woodyer 1968
Minimum width/depth ratio plus a discontinuity
(vegelative and or physical) in the channel Wolman 1555
houndary

Minimum width/depth ratio

Wolman and Leopold 1957
Nixon 1929
Lower limit of perennial vegeiation Schumm 1960
Change in Vegetation (herbs, grass, shrubs) Leopold 1994
A combination of
« FElevation associated with the highest
depositional features
« Break in bank slope

Elevation of active flood plain

= Change in bank material Rosgen 1994
« Small benchas and other inundation
features

+« 5Staining on rocks
« Exposad root hairs










Meandering

Most commonly observed channel pattern

Meander patterns are fairly predictable—
one meander sequence occurs every 10 to
14 bankfull channel widths

Pools and riffles are the primary structural
channel units - spaced about 5 to 7 bankfull
channel widths apart

Some meanders are stable over long time
spans




Entrenched Meander




Meander Metrics Related to Channel Width




Riffles and Pools




Meander Hydraulics




Meander Hydraulics—Erosion




Meander Hydraulics—Deposition




Meander Hydraulics

e Creates pools and riffles through bar
formation and maintenance

e Important for floodplain evolution




Channel Migration & Floodplain Evolution




Channel Migration & Floodplain Evolution




Sediment Transport




Sediment Transport

e Wash (Dissolved) Load

— not a big player in channel and floodplain
structure

e Suspended Load
e Bed Load




Suspended Load Transport

e Generally < 0.2mm in diameter (silt and

clay)

e Accounts for 80-95% of sediment flux from
continents to oceans

e Essential to channel and floodplain
formation and maintenance

e Can be a significant water quality problem

e Deposition covers gravels and cobbles
e Pesticides adsorb to soil particles




Bed Load Transport

e Generally > 0.2mm in diameter (sand to
boulders)

e Significant influence on channel and
floodplain composition, shape, location,
etc.

 Notoriously hard to measure and/or predict

 Moves by rolling, sliding, or bouncing along
streambed




River Response

e Channelization for transportation corridors,
flood control, development or agricultural
production

 Dams built to store water for irrigation
and/or flood control

e Land use changes
e Gravel mining



annelization™

WallaWalla River, 1964
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Channel Evolution Model
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Dams—Trinity River, CA
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Lake Conestee
2009




Lake Conestee
2011




Lake Conestee—1943 to 2011




River Science Primers







