Name:

GE2100 Laboratory: Measurement of River Flow

Objectives
Learn about river channel and flow characteristics.
Learn how river velocity is measured and estimated in the field.

1. Introduction

It is important to be able to calculate river velocity for almost anything having to do with
structures that reside in it (docks), span it (bridges) or must control its flow (culverts, levees, and
bend deflectors). The complexity of the geometry and morphology (cross-section shape, bottom
type) of most rivers does not allow for a theoretical analysis of rivers. Therefore, empirical
relationships and field measurements are often used.

2. Estimating Stream Velocity

In this exercise, we will use two different methods of estimating stream velocity. Break into
groups, and do each method. You may share data within your group, but each person needs to
make their own calculations.

Before doing any measurements, visually estimate the stream flow: m’/s

3. To Turn In

Turn in this handout, with the worksheets completed and any questions (bold) answered.
Answer the following questions and turn them in with your lab (typewritten, spell checked, and
in the usual lab format).

a. (5 pts) Which method is most practical for flow monitoring? Why?

b. (5 pts) Which method do you think is most accurate? Why (explain which factors
produce measurement or estimation errors in each of the methods)?

c. (10 pts) How often do you think a stream like this should be monitored (would you
get the same discharge result next week? Next month? Next year?)? Explain your answer
thoroughly, taking into account the basin size, topography, vegetation, human impacts, and
climate.
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Worksheet 1. Surveying Estimate of Stream Velocity (15 pts)

Step 1. Measure stream dimensions (use the graph paper supplied to help calculate this)

2

A= m
P= m
Ry=A/P = (Ry, is the hydraulic radius)

Step 2. Estimate the river slope S (the slope of the free-water surface).

S = (vertical change)/(horizontal distance)

b. Estimate the Manning's "n" value (see Table 9-6), which is a parameter reflecting stream
bottom morphology. Walk up and down the creek to get a good idea of the conditions.

n=

c. Calculate V, the average stream velocity

V = (1/n) * Ry * §'?2

V = m/s

d. Calculate the discharge Q, where Q = A * V

Q= m’/s




Worksheet 2. Measurement of River Discharge (Float Method) (15 pts)

Stretch survey tape across the stream to use as a “starting line”. Measure the cross-sectional
area of the stream at your start and end points. Use graph paper to help you calculate the area.

A (upstream) =

A, (downstream) =

Average area, Agyg, =

Measure the length of your track. L =

Make multiple measurements of the flotsam traverses. Try to make a representative spread
of flotsam starting positions across the creek's width (use the left hand bank, as you face
upstream, as the zero point). Note that a stream's velocity changes with depth (Figure 1).

Trial #

Distance
from left
bank
(meters)

Track
Distance L
(meters)

Time
(seconds)

Surface
Velocity
(m/s)

0.6 Depth
Velocity
(m/s)*

Cross-
sectional
Area

(m’)

Discharge
(m’/s)

Average Discharge -->

>k\70.6: 0.85 * Vsurface
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Figure 1: The hydraulic radius (Rh) can
be thought of as an 'equivalent radius' that
represents the combined effect of cross-
sectional area (A) of bottom / bank shape
(wetted perimeter, P): Rh = A/P. For wide,
shallow streams (depth < 0.05 width), the
hydraulic radius is essentially the average

; : discharge (Q).
depth, Rh ™ h.
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Figure 4: River cross-section shown schematically to
illustrate subdivisions based on velocity measurement
locations. View is upstream: LEW = left edge of water
and REW = right edge of water. The section of each
section, I, is defined by the location of the velocity
measurement, taken at a distance xi from a common
(initial) measuring point.

Figure 5: Typical depth locations for measuring
stream velocities with a current meter.




TABLE 9-§ ! n

Values of Manning’s n for Channels
of Various Types® Type of Channel and Description Mimimum  Normal Maximum
‘ Minor streams (top width at flood stage <100 ft)

Streams on plain

1. Clean, straight, full stage, no riffles or deep pools 0.025 0.030 0.033

2. Same as above, but more stones and weeds 0.030 0.035 0.040

3. Clean, winding, some pools and shoals 0.033 ~ 0.040 . 0.045

4. Same as above, but some weeds and stones 0.035 0.045 0.050

5.Same as above, but lower stages, more ineffective 0.040 0.048 0.055
slopes and sections

6. Same as 4, but more stones 0.045 0.050 0.060

7. Sluggish reaches, weedy, deep pools 0.050 0.070. 0.080

8. Very weedy reaches, desp pools, or floodways with 0.075 0.100 0.150
beavy stand of timber and underbrush

- Mountain streams, no vegetation in channel, banks usually
steep, trees and brush along banks submerged at high -
stages

1. Bottom: gravels, cobbl 3, and few bould 0.030 0.040 0.05¢

2. Bottom: cobbles with large boulders 0.040 0.050 0.070

Pasture, no brush

1. Short grass 0.025 0.030 0.035

2. High grass 0.030 0.035 0.050

Cultivated areas

1. No crop 0.020 0.030 0.040

2 Mature row crops 0.025 0.035 0.045

3. Mature ficld crops 0.030 0.040 0.050

s Brush

1. Scattered brush, heavy weeds 0.035 0.050 0.070

2 Light brush and trees, in winter 0.035 0.050 0.060

3. Light brush and trees, in summer 0.040 0.060 0.080

4. Medium to dense brush, in winter 0.045 0.070 0.110

5. Medium to dense brush, in summer 0.070 0.100 0.160

Trees

1. Dense willows, summer, straight 0.110 0.150 0.200

2. Qleared land with tree stumps, no sprouts 0.030 0.040 0.050

3. Same as above, but with heavy growth of sprouts 0.050 0.060 0.080

4. Heavy stand of timber, a few down trees, Little 0.080 0.100 0.120
undergrowth, flood stage below branches '

5. Same as above, but with flood stage reaching branches 0.100 0.120 0.160
Major streams (top width at flood stage >100 ft)*

Regular section with no boulders or brush 0.025 0.060

Irregular and rough section 0.035 0.100 e

'Ihvduaoln,lndu_twtb:wmonummue
4 =SL:055%  cgx552  English: 1.00:
5, =SLLO00;  cgx464;  English:149.
"The n value is less than that for minor of similar description, be; banks offer less effective refiy
tance.
Data from Chow (1959).




TA Information

Materials Needed
Waders: chest, hip and boots. Ask the class to bring their own as well.
Jacob’s staff(s): at least 3.
Meter tapes (3)
Watch with timer
Calculator
Transit/autolevel and tripod

The class as a whole can be broken up into three groups to do the surveying. Everyone needs to
estimate river flow visually before taking any measurements. How do they do this? Try to
visualize how big a cubic meter might be, and how fast the water is flowing, in meters per
second.

Station 1. Survey Method.

This group will need to study the river channel and surface, in order to estimate a Manning
"n" value. They will need to walk up and down the creek to do this.

They will have to measure the channel dimensions to calculate the area and perimeter, so will
need a Jacob's staff and tape measure. Pick a reasonably clear and safe area. To calculate area
and perimeter, they should measure depths every ~0.5 meters.

Station 2. Float Method.
Work in a relatively straight channel region. Use a tape measure, Jacob's staff, tape, a stop
watch, and sticks that float. To calculate area, they should measure depths every 0.5 meters.



