Flow in River Channels

Where will the water flow?

Where will the water flow in a channel-
floodplain system?

* Need to know for sediment transport
calculations

— Calculations require flow depth, velocity,
slope, and sediment size [See later lecture].

Where will the water flow in a channel-
floodplain system?

* Need to know for flood hazard prediction

— Will the discharge imposed by the watershed exceed
the conveyance capacity (bankfull capacity) of the
channel (+/- dikes)?

Flood and sedimentation hazard around Mt Usu, Japan
after 1983 eruption




Where will the water flow in a channel-
floodplain system?

» Need to know for flood hazard prediction

— Will the discharge imposed by the watershed exceed the
conveyance capacity (bankfull capacity) of the channel?

— What paths, depths, velocities will water take as it crosses the
floodplain?

— Will changing the cross-section of the channel (by dredging,
filling, straightening, or vegetation management) change the
height of floods?

Merced R. Robinson reach before restoration
(California Dept. of Fish & Game)

Merced R. Robinson Reach after restoration
(California Dept. of Fish & Game)

Where will the water flow in a channel-
floodplain system?

« Need to know for habitat planning and design

— What will be the distribution of depths and velocities across
the channel or in the reach containing pools, riffles, etc?

— How will the amount and suitability of habitat respond to
changes in channel form, change of bed texture, or riparian
vegetation management

— Which off-channel water bodies will remain connected to the
channel at various flows?
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Variation of depth and other habitat characteristics
across a channel
(Tuolumne R. Technical Advisory Committee, 2000)
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Floodplain habitats
(Tuolumne R. Technical Advisory Committee, 2000)

Factors that control the distribution of a
given discharge of water in a channel-
floodplain system

¢ Discharge

¢ Cross sectional geometry of lowest flow path

Gradient of flow path (channel)

¢ Hydraulic resistance to flow (bed texture, vegetation,
woody debris)

Manning’s Equation for steady uniform flow

Q=wdv

Can apply to whole cross section of channel or to some increment of width

Metric units
{v)=
n
In the units formerly known as “British”
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Use of Manning’s equation to calculate depth and
velocity in width increments for a fixed discharge
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Manning’s roughness parameter, n

For sand-bed channels  0.03
For gravel-bed channels n  0.04
For bouldery channels n  0.05
For riparian vegetation dangling in flow add about 5%
For sinuous channel, add about 5%
Increased by large woody debris in channel
For forested floodplain n = 0.07-0.1
Consult illustrated handbooks [Web?] for an ungauged site
Transfer back-calculated values from similar gauged sites using
_ wd%sy2
Neal = Q

Variation of Manning’s n with flow depth
or discharge [actually with depth/coarse particle size on
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Steady uniform flow downstream in a

Floodplain A Floodplain B

Channel

Q is the sum of three ‘channels’ coupled by a horizontal water surface




Gradually varied flows:
step-backwater calculation
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Downstréam control

* Values of H and velocity at each cross section computed in an upstream-

moving sequence beginning at some downstream ‘control’ (e.g. a major
river or sea level) where the bed elevation and water surface are known.

*Requires surveyed cross sections and bed long profile and estimates of
Manning’s n for each cross section

Gradually varied flows

Q -~

Downstream control

HEC-RAS does step-backwater calculations for gradually varied flow
through a sequence of cross sections across a channel and floodplain

The Instream Flow Incremental
Methodology (IFIM)

» A formal way of combining discussion of habitat
needs with evaluations of natural flow regimes, floods
and droughts, water operations to manipulate flows,
and water rights.

Instream Flow Incremental Methodology
(IFIM)

¢ For stream habitat analysis

« Developed under leadership of US Dept of Fish & Wildlife, 1980ff
« Problem-solving tool for decision support

« Combines ecological and physical variables

« For solving water allocation problems as they relate to fluvial
habitat quality

« Allows evaluation of habitat suitability at a range of flows,
integrated over life history of a fish species

¢ Allows rapid comparison of scenarios of flow management

« Allowed resource/habitat managers a place at the table when
water operations being discussed




Schematic diagram of the components of IFIM
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Habitat simulation within IFIM [PHABSIM]

» Habitat structure is quantified at the microhabitat scale
(1-10 m?), but aggregated to the mesohabitat (reach)
scale (~channel width) within the macrohabitat scale

(whole river or long reach)

¢ Use Physical HABitat SImulation Model

« PHABSIM combines simulations of width, depth and
velocity of river at a chosen discharge with habitat
suitability criteria for chosen species

» Can simulate duration and timing of inundation across
aquatic-terrestrial transition zone to quantify role of off-

channel habitat

Potential for examining critical biological
conditions and interactions

» Unfavorable temperature regimes during egg
incubation

¢ High velocities during fry emergence

¢ Overlap in preferred rearing or resting space for
various species during critical periods

Components of the PHABSIM
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Components of the PHABSIM

¢ Channel structure : don’t change with flow; e.g channel
dimensions, substrate texture, cover

¢ Hydraulic variables : change with flow, e.g. depth, velocity,
wetted area

« Habitat suitability criteria  : range of depth, velocity, cover, and
substrate that favor a species at a certain life stage

« Calculates area of suitable habitat per unit length of channel

« Requires detailed channel surveys (topography and bed texture)
and calibration to measured water surface elevations

¢ “The duration of a project may vary from 1 to 10 years depending
on scope and complexity” (USGS manual)

Flow regime

¢ Note: no mention of the need to specify or estimate
flow regimes!

* What would you need?
* What are the options?

Channel Survey for a PHABSIM

Undercyl bank

www.fort.usgs.gov/products/Publications/3910/3910.pdf

Use of Manning’s equation to calculate depth and
velocity in width increments for a fixed discharge
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Variation of Manning’s n with flow depth
or discharge
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Step-backwater calculation for PHABSIM
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Effective habitat concept in PHABSIM
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Map of stream cells from PHABSIM
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PHABSIM translation of structural and hydraulic
characteristics into an area of suitable
microhabitat for a target species

Bl Optimal area = 47m
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Area of suitable microhabitat in a reach for a particular
target species
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Relation between weighted usable area and standing
crop of cutthroat trout, Yellowstone NP
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