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IS the average velocity: 77

PERSPECTIVE VIEW

Ficure 4.1 1. Measurements of channel cross section and velocity needed to
determine streamflow discharge.

Source: Brooks et al., Hydrology and the Management of Watersheds




Real data: deepest part does
Aot have the most fiew!

Cross Section Flow Profile
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Figure 2: Velocity Head Flow Profile.




Wihere Is the mean vVeloclty?
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Where Is the average velogcity?

VERTICAL VELOCITY HORIZONTAL VELOCITY

DISTRIBUTION DISTRIBUTION
w




Measuring discharge

Figure 4.11 Method for determining discharge in a stream. The stream is subdivided into a
number of rectangular elements. A current meter is used to measure the speed of the flow at
a distance 0.4% from the stream bottom in each rectangle. The water velocity at this depth is
approximately the average velocity for that segment, assuming that the logarithmic velocity
profile for turbulent flow is valid. Discharge is calculated by multiplying the average velocity
for each rectangle by the area of that rectangle and summing across the stream.




Chooesing a cross-section for
measurng aischarge

Straignt;

Eree: firom| olpstructions (10gS;, fOeKS,
algae; etc.)s

Smoeeth hettom and Panks;

Minimal turbulence:










SUrveying a cress-section:
Vethods

String and line level
Stadia red

Mieasure key: polnts, not systematic
spacing|

Extend te above bankduills




Measuring velogcity

Simplestis ?




Measuring velogcity

Eleats

s Usuially: anrerange fer S 6r se meters;
s Veasure: distance and time;

x Multiply: velocity: by 0.85;




Measuring velogcity

VIOSt Common: are: clrent meters:

s /\Vertical axis
Price AA;
Pygmy;
a Horzentall axis (propeller type)
Ottt (erginally: German);
Chinese imitation: used: In; Vietham;










current meters

Hanad=held using a Wwading reds;

SliSpended frem a hoat or a PHAgE;

n Need heavy weight (Hfish*) ofi 20-70 ka;

x Challenge ter keepra boat onl a stiraight e infa
fast-moving mnver!




—_ — -
- . -
o
e ———— T,

" -
- x
= J ST 0













Depth of velocity measurements

Venry shallow: streams (<0:4 mj)
measure: at 0.6 of the depth;

[Deeper streams measure at 0.2 and
0.8 times the depth;




Depth of velocity measurements

Venry shallow: streams (<0:4 mj)
measure: at 0.6 of the depth;

[Deeper streams measure at 0.2 and
0.8 times the depth;




Streamflow Compuitation

Q = 2(q,)
Q = X(a,V,)

a = Area
v = Velocity




Current meters are very accurate!

PERCENT STANDARD ERROR

Figure 2. Precision tests. Percent standard error computed by velocity for (A) vertical-axis meters and
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for (B) horizontal axis meters (PRC, People’s Republic of China).



NUmMIBEr of
MEeasurements
across the stream
IS most Impertant

flactor e a goed
measurement of
Sstreamilow

Standard Errar Xg in Per Cent of the 95% confidence level

4 ~

12

Mumber of Verticals

Figure 3. Standard error of individual mecsurement of discharge performed by current mefer



Duration: ofi Velocity
measurements

Minimum: off 40 Seconds;

Meaximun eiff 70rseconds (ethenyise

takes 100 leng!);




Velocity also vares over time,
even at constant: fiow!
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Figure 1. The 66-minute vertical-velocity curve, vertical 280 in the measuring section of the
8auging station, Columbia River below Priest Rapids Dam, 14 August 1963




Velocity head

IHIgher Velocity streams have maore
mMoementun;

Mementumr causes water 1o pile up
against am epstruction;

Helght of water (H) 1S preportienall o
velocity;

V = (2gH)°~>

WHENE g IS gravity: (980 cmisi2)




Rating curve

DISCHARGE RATINGS AT GAGING STATIONS
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Ficune  T.—Typical logarithmie rating curve with corresponding digital deseriptors.




Stage anad bischarge

o (a) Stage hydrograph o (b) Discharge hydrograph

/

—

o
oo

Discharge (m3 s)
=
n

Time (hr) Time (hr)
Figure 5.1 The hydrograph. River stage (a) and discharge (b) as functions of time.

Why Is the change in discharge than the change in stage?



Back-calculating discharge:
Manning's eguation

Q = (A ROS7 S05)/n

Q = Discharge (L2 T1);
A = Cross-sectional area of the stream (%)

R = Hydraulic radius;, Which' Is the' area divided
Py Wetted permeters; usually supstitiite mean
depti;

S = Slepe (m/m);
= Manning's roughness ceefficient;




Back-calculating discharge:
Manning's eguation

Q = (A ROS7 S05)/

Mest commoniy: Used tor hack=calculaie
flew: after large floeds, as Righ water mark
IS tisually: visilble, se we can measure A, R;
S, and estinate nranmesr the fact;




Manning's i

Roughness refers tor the loss ofi energy. by
firction;, oK shiape; SIRUGSILY,
ehSstIUCtieNS, Etc.;

Usually’ asstimed tor he aboeut 0.03-0.05,
UL can Vaiy femr 0:04 for a concrete
channel te 0.15 for a densely vegetated
fleodplain;

[DEcreases as flow: depti Increases!

Estimating n is an ant!




Palouse River at Colfax: n = 0.01




Columbia River at Vernita: n = 0.024




Clearwater at Kamiah: n = 0.033




n =0.038
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Grande Ronde at LaGrande: n = 0.043




n=0.05
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Boundary: Creek at Porthill: n = 0.073
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Second field site

ldentiiy’ vankiull
ldentiiy’ lecation: for X-Section
EStimate: Manning'sin




Significant figures




Controls of Channel Viorpholegy.

Width, depth, slope; rotghness, discharge,
\/eloeity,, sediment: leaad; sediment size




The Eloodplain

/High Roughness =

Lower Velocity =

Lower Competence =

Sediment Deposition

=

@ Floodplains also
Qout affect other water quality
variables.

nutrient reduction,

: biodegradation of
Floodplains may alsgrqanics

be a source of contaminants




Channel Balance of Forces

.1 . [ .1, HirrTrrererer 2
-~

DEGRADATION
L]

{ SEDIMENT LOAD)x(SEDIMENT SIZE )
[ = =
(STREAM SLOPE)x(STREAM DISCHARGE)




Level Il Flowchart

\~"DbKT7

Entrenchment Ratio (Wi, / Width/Depth Ratio (W, / d )
kaf)

Sinuosity
(Stream Length/ Valley Distance)
v
Water Surface Slope
(Vertical Distance / Linear Distance)
v
Channel Materials
(1 D_50”
v




4 | evels of Classification

Bread merphologicall classification

Vierphological description: of stream types

Stream state or conadition

49 W




I"Rapid aggradation or degradation can




Example: Dearaded Channel
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Example: Degraded Channel




Channell Degradation
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Unstable Channels - Examples

Headcuts

Slumping banks




Channell Recovery.

STAGE |
STABLE

STAGE Il
RIPARIAN
VEGETATION REMOVED

STAGE 1lI
DEGRADATION

STAGE IV
DEGRADATION
AND WIDENING

STAGE V
AGGRADATION
AND WIDENING

STAGE VI
QUASI EQUILIBRIUM

=3 WATER
Bl SLUMPED MATERIAL

ACCRETED MATERIAL

— INDICATES DIRECTION OF BED MOVEMENT

Ficure 10.3. Channel evolution model developed in west Tennessee (modified
from Simon and Hupp 1986 as presented by Simon and Rinaldi 2000).




Convert water level (stage) to
discharge with a rating cuive
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Streamflow Measurement

USGS Water-supply paper 2175: Measurement
and computation of streamflow:

Volume 1. Measurement of stage and discharge
Volume 2. Computation of discharge

http://water.usgs.gov/pubs/wsp/wsp2175/

Velocity x Area

Weirs: v-notch, rectangular...
Flumes: trapezoidal, H,
Parshall...

Dye Tracers...

Measurement and (anl.nu:uinn
ol Streamflow: Volume 1.
Measurement ol Stage

and Discharge

GEOLOGITAL SURVEY WATER-SUPPLY PAFER 2175






