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Multimedia Training in the Measurement of
Stream Discharge

by K. Michael Nolan and Ronald R. Shields

The U. S. Geological Survey (USGS) This training course is available as|a

makes at least 50,000 stream dischargeformal USGS report and is, therefor
measurements during most years. Over available to other agencies responsi
75% of those measurements are made byfor collecting streamflow data. We hog

wading the stream using the velocity- these agencies will be able to use {

area method. Other Federal, State andinformation contained in the trainin
local agencies make an unknown number course to help them collect data usi
of additional wading measurements. standard USGS procedures. If §
These measurements are thus aagencies collect data using consistg
fundamental source of water resources standards, we will improve our abilit
data nationwide. to assess the Natiawater resources.

CD-ROM is narrated and contains
numerous video clips

Goal is to provide cost-effective
training on an “as needed” basis

Because wading measurements are suchThe training course, which wa
an important activity of the Water developed using Microsoft PowerPoin
Resources Division of the USGS, we is narrated and contains numero
chose wading measurements as theMPEG video clips. Users who do n
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subject for the first in a series of CD- have PowerPoint or the ability to vie
ROM based multimedia training classes MPEG videos can take advantage of
(Figure 1). The USGS goalisto provide PowerPoint Viewer and Microsof

interesting and informative training Media Player contained on the CDA

materials that could be used on an “as ROM. The presentation works best

needed” basis in offices around the Windows-based personal computefyg.

country. Although this course will Computers must have a sound card

provide a strong training foundation, we speakers to take advantage of narratior

caution that it must be combined with and video sound.
actual field work and some “on-the-job”
training to be completely effective.
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Contains links to reference materials

The course contains numerous links to reference
materials contained on the CD. In addition, students
can take advantage of multiple links to resources
on the World Wide Web when their computers are
linked to the Internet (Figure 3).

Links to reference materials
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Figure 1. Water Resources Investigations Report
00-4036 in CD-ROM format.

The course contains 106 slides and can be taken g
the student’s own pace. Most students will take
between one and two hours to complete the coursg, >0Urces.
Navigation buttons allow students to move from slidéAdditional courses planned

to slide or return to the course agenda from which

they can navigate to other parts of the course. Eacis is the first of a series of planned courses.
slide is accompanied by a narration that describesourses on “Stream Discharge Measurements Under
concepts covered by the slide. Figure 2 shows ge Cover” and “Discharge Measurements from
typical slide. MPEG videos are surrounded by TV-Cableways” are currently under production. Support
like boxes to alert students that a video is availablefrom the USGS Water Resources Division Safety
Committee has been essential to producing these
training materials.

igure 3. Example of links to World Wide Web Internet

Wading Rod Use
: The last page of this newsletter contains information
about how to obtain a copy of the CD-ROM.

Mike Nolan is a hydrologist for the Office of
the Regional Hydrologist, Water Resources
Division, U. S. Geological Survey, Menlo Pa
CA 94025; (650) 329-4419; mnolan@usgs.gov.

Ron Shieldsis a hydrologist for the Water
Resources Division, U. S. Geological Surve
Helena, MT 59601, (406) 457-5903;
rshields@usgs.gov.

Figure 2. Typical slide from training CD-ROM.
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Solving for Streamflow Without Using
Manning’s Equation

by John F. Orsborn, PE, and Jeanne Stypula, PE

In the April 2000 issue obtream NotesDouglas J. traditional analysis of hydraulic geometry is applied
Trieste asked, “Can no better equation than th# streams based on the continuity equation: Q =
Manning equation be developed, or are the concep®/ = WDV; and W = a®, D = cQ and V = e®
and principles used in 1889 still the best today?Wwhere W is the water surface width; D the mean
(Trieste, 2000). The answers are yes and yes; we jud¢pth; and V the mean velocity (Leopold and
have to apply the principles using different conceptdMaddock, 1953). We know from Chezy’s and
Manning’s works that V is a function of the
In 1768, Chezy completed his calculations for thenydraulic radius (R), which is the flow area (A)
channel of the new Paris water supply. Chezy wadivided by the wetted perimeter (P). Including these
the first to consider the wetted perimeter of channelsvo factors in the suite of hydraulic geometry
as an analog of boundary resistance (Rouse and In@xuations, we have A = g@nd P = i@Q. Wetted
1957). Chezy’'s equation has the form ofperimeter accounts fortwo influences; the resistance
V = C R2S12 that uses a resistance coefficient Cto flow (shear), and a measure of available habitat
the hydraulic radius (R=A/P) and the slope of thdor certain life-stages of fish.
channel, $ In English units, Chezy’s C = (1.49RY
8in Manning’s equation, whereis a resistance factor Stypula (1986) developed the dimensionless
(Roberson, Cassidy and Chaudhry, 1988). Manningielationships shown in Figure 1 for rectangular
n, when used as a roughness coefficient, should dhannels and natural channels from the sources
applied to channels with a uniform surface roughnedssted in the legend. The streams are located in
such as concrete. Washington, Idaho, Montana, Wyoming, Arizona,
Nevada, Vermont, and Alaska. The widths (W)
The Manning equation requires the estimation of aanged from over 1,500 feet in the Columbia River
resistance coefficiermt when sizing a channel or to 2 inches for erosion rills in the Palouse Hills.
estimating a stream flow. There are two ways to avoilean depths (D) ranged from 27 feet to 2 inches.
usingn. The first is to make sufficient discharge The curves can be calculated at any level of flow
measurements at a site so thaain be measured as aabove which the flow is in a single channel, or for a
function of Q, then written in terms of Q anddry channel. As shown in Figure 1, the natural,
substituted into Manning’s equation. The resistancaon-rectangular channels tend to follow a line
coefficient,n, varies inversely with Q, so= (x/(Qy)  defined by
where x and y are the coefficient and exponent
determined from the data for n versus Q. But, these W/D = P/A - (2+2D/W) Q)
calculations also require the measurement of the water
surface slope and the calculation of the energy gradienhtil they approach W/D of less than 2. Then they
to determine Manning’s n. The best stream gaginghift to the shear-shape line for rectangular channels
accuracy is plus or minus 5%. defined by

The second way to eliminate Manningids to use W/D = P/A - (4 + 4D/W) (2)

two equations. One equation comes from the

hydraulic geometry relationships. The other equatioffhe P/A terms give a positive number from which
describes the shear-shape relations developed ltye factor inside the parentheses can be subtracted
Stypula (1986) and applied to some Oregon coastab compare with W/D. The2A terms are the same
streams by Orsborn and Stypula (1987). Usually thas P/R.
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Figure 1. Shear-shape relationships for natural (real) and rectangular stream channels (Stypula 1986).
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Figure 2. Comprehensive shear-shape relationships (Orsborn and Orsborn 1999).

A more complete analysis of the conditions inTo combine the hydraulic geometry with the shear-
Figure 1 is shown in Figure 2, which was developedhape equation, one must merely substitute W =

as part of a low flow study below the dams on thea(Qy (or D = cQ) into Egs. (1) or (2), which gives
lower Elwha River on the Olympic Peninsula in

Washington (Orsborn and Orsborn, 1999). Note aQ /D = P/A-(2+2D/W) (1a)

that: (1) the lines for non-rectangular channels and

rectangular channels coincide when W/D is 40 ofor natural, non-rectangular channels, and

more (this is the basis for the “wide” channel

assumption used in open channel flow calculations W/cQ' = P/A- (4 +4D/IW) (2a)

when R approaches D); (2) rectangular channels

have a maximum value of A/t W/D = 2, which  for both natural and artificial rectangular channels.

fits the assumption of hydraulic efficiency when aand, Manning’s resistance coefficient has been
semicircular radius of 1/2 W just fits in a eliminated.

rectangular channel and W = 2D; and (3) for
natural, non-rectangular channels the maximunThe variable -(4 + 4D/W) for rectangular channels
value of A/P occurs at W/D = 1.5, and beyond is easily determined by assigning a depth of 1 ft and

that point, all natural channels coincide withvarious bottom widths from 1 to say 40 ft. For
rectangular channels because the wetted perimetgy = 1 ftand D = 1 ft, W/D =1, P = 3 ft2R 9 ft,

(P) dominates the geometric relationships. Thesg = 1 ft2 and P/A = 9. The correction variable is

narrow channels are hydraulically inefficient, but-(4 + 4(1)/1) = 8, and W/D = 1. The natural channel
are good for upstream fish passage (Denil 193%jariable, -(2 + 2D/W), was determined for average
Ziemer 1962). conditions in numerous cross sections. If a natural,
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non-rectangular channel does not fit Eq. 1a, it is probabnil, G. 1937. La mechanique du possion de
out of balance (not at grade). For narrower channeldyiere. Chap. X. Les capacities mechaniques de la
the wetted perimeter (side resistance) becomes domingtgite et du saumon. Annrdv. 38(3):411-433,
and all channels follow the rectangular channel graph Belgium.
Figure 2. The correction factor -(4 + 4D/W) still holds.

Emmett, W. W. 1975. The channels and waters of the
For a planning level investigation at an ungaged streanpper Salmon River area, ldaho. Prof. Paper 870-A.
site, the hydraulic geometry can be measured at a Idw S. Geological Survey.
and an intermediate flgvand graphically projected to
bankfull flow. A detailed cross-section at the site wileopold, L. B. and Maddock, T., Jr. 1953. The
provide the channel geometric characteristics to combifgydraulic geometry of stream channels and some
with the two flow measurements and complete thphysiographic implications. Prof. Paper 252. U. S.
analysis. Geological Survey.

Conclusion Orsborn, J. F. and J. M. Stypula. 1987. New models
of hydrological and stream channel relationships.

We have developed equations for streamflow withoutrosion and Sedimentation, Pacific Rim. Corvallis,

Manning’sn by combining channel hydraulic geometryOR.

and a dimensionless shear-shape relationship of channel

characteristics. We have verified the relationships @isborn, J. F. and M. T. Orsborn. 1999. Low flow

some Oregon coastal streams (Orsborn and Stypiasessment of the Lower Elwha River. Elwha

1987) and elsewhere in the states covered in FigureTribal Fisheries. Port Angeles, WA.

The Oregon results given in Table 1 demonstrate some

of the benefits of using a morphological approachReberson, J. A., J. J. Cassidy and M. H. Chaudhry.

find Q. 1988. Hydraulic Engineering. Houghton Mifflin
Company. Boston, MA.

People have been using Manning'dor such a long

time it may be difficult for some to embrace the concéfruse, H and S. Ince. 1957. History of Hydraulics.

that shape controls flow. Shape is the result of bed afeiva Institute of Hydraulic Research, State Univ. of

bank material and slope. lowa, lowa City, IA.
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Table 1. Measured and estimated values of average annual flow, width, depth and velocity for Deer, Fall
and Flynn Creeks in the Oregon mid-coast region (Orsborn and Stypula 1987).

USGS Gaging Average Top Width Average Average
Number Staion Flow, Qa Depth Velocity
Name (m3s?) (m) (m) (ms?)
14306300 Deer Creek 0.08
Est. eq. (2a)2 0.19
Est. eq (1a)° 0.19
Actual sizes® 3.26 0.16 0.34
Est. sizes® 3.20 0.17 0.34
14306300 Fall Creek 4.67
Est. eq. (2a)? 4.14
Est. eq (1a)° 4.60
Actual sizes® 15.16 0.46 0.67
Est. sizes® 16.20 0.50 0.58
14306800 Flynn Creek 0.12
Est. eq. (2a)? 0.18
Est. eq (1a)° 0.14
Actual sizes® 3.14 0.13 0.30
Est. sizes® 2.60 0.14 0.32
NOTES:

a Assumes P = W + 2D, rectangular section.

b Assumes P =W + D in natural channels, and P = W for Flynn Creek.

¢ Actual sizes are based on hydraulic geometry at the gaging stations.

d Estimated from equations for W, D and V based gof@ecord at 10 Regional USGS gaging stations.

John F. Orsbornis Professor Emeritus of Civil and Environmental Engineering from Washingtan
State University, and a consulting engineer in Pert Ludlow, WA, (360) 437-0670;
orsborn@olympus.net.

Jeanne M. Stypulais a Senior Engineer in the Rivers Section, Water and Land Resources Division,

King County Department of Natural Resources, Seattle, WA, (206) 296-8380;
jeanne.stypula@metrokc.gov.
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How to Obtain a Copy of the CD

The Stream Systems Technology Center believes that
everyone making streamflow measurements on the National
Forests should have the benefit of this useful training aid.
Accordingly, STREAM has worked with the USGS to
produce a special edition of Water Resources Investigations
Report 00-4036.

Readers desiring a copy of the CD should direct an e-mail to
K. Michael Nolan at the U.S. Geological Survey
(kmnolan@usgs.gov).

Note: The Stream Systems Technology Center has mailed a
copy of the CD to each National Forest. Forest Service

Measuremen of Stresm Discharge by Wading

P — personnel may request additional copies from STREAM.

il Send e-mail request to pswilliams01.fs.fed.us or a FAX to

s e STREAM at (970) 295-5988 and include your mailing
address.

The United States Department of Agriculture (USDA) prohibits discrimination in its programs on the basis of race, color, national origin, sex,
religion, age, disability, political beliefs, and marital or familial status. (Not all prohibited bases apply to all programs.) Persons with
disabilities who require alternative means for communication of program information (braille, large print, audiotape etd.rshtact

USDA's Target Center at 202-720-2600 (voice or TDD).

To file a complaint, write the Secretary of Agriculture, U.S. Department of Agriculture, Washington, DC 20250, or call 1-800-245-6340 (voice)
or 202-720-1127 (TDD). USDA is an equal employment opportunity employer.






