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QHny) Designation: D 3858 — 95 (Reapproved 1999)

Standard Test Method for
Open-Channel Flow Measurement of Water by Velocity-Area
Method *

This standard is issued under the fixed designation D 3858; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope Applicable Methods of Committee D-19 on Wdter
1.1 This test method covers the measurement of the volume D 4409 Test Method for Velocity Measurements of Water in

rate of flow of water in open channels by determining the flow _ Open Channels with Rotating Element Current Méters
velocity and cross-sectional area and computing the discharge D 5089 Test Method for Velocity Measurements of Water in
therefrom (Refg1-7)).2 Open Channels with Electromagnetic Current Méters

1.2 The procedures described in this test method are widely 2.2 I1SO Standard: _
used by those responsible for the collection of streamflow data, SO 3455 (1976) Calibration of Rotating-Element Current
for example, the U.S. Geological Survey, Bureau of Reclama- ~ Meters in Straight Open Tanks
tion, U.S. Army Corps of Engineers, U.S. Department of3
Agriculture, Water Survey Canada, and many state and pro- o - .
vincial agencies. The procedures are generally from internal 3-1 Definitions of Terms Specific to This Standard:
documents of the above listed agencies, which have become3-1.1 current meter—an instrument used to measure, at a
the defacto standards as used in North America. point, velocity of flowing water.

1.3 This test method covers the use of current meters to 3-1.2 discharge—the volume of flow of water through a
measure flow velocities. Discharge measurements may H&0SS section in aun!t of tlme,'lncludllng any.sedlment or other
made to establish isolated single values, or may be made in seiglids that may be dissolved in or mixed with the water.
or in a series at various stages or water-level elevations to 3-1-3 float—a buoyant article capable of staying suspended
establish a stage-discharge relation at a site. In either case, tife°r resting on the surface of a fluid; often used to mark the
same test method is followed for obtaining field data andhread or trace of a flow line in a stream and to measure the
computation of discharge. magnitude of the rovx_/ velocity along that line.

1.4 Measurements for the purpose of determining the dis- 3-1-4 stage—the height of a water surface above an estab-
charge in efficiency tests of hydraulic turbines are specified idiShed (or arbitrary) datum plane; also termgaje height
International Electrotechnical Commission PublicatioR i 3.2 Definitions—For definitions of terms used in this test
the field acceptance tests of hydraulic turbines, and are népethod, refer to Terminology D 1129.
included in this test method.

. 4. Summary of Test Method
1.5 This standard does not purport to address all of the y_ ) i . )
safety concerns, if any, associated with its use. It is the 4.1 The principal of this test method consists in effectively

responsibility of the user of this standard to establish appro_and accurately measuring the flow velocity and cross-sectional

priate safety and health practices and determine the applica@€@ Of an open channel or stream. The total flow or discharge
bility of regulatory limitations prior to use. measurement is the summation of the products of partial areas

of the flow cross section and their respective average veloci-
2. Referenced Documents ties. The equation representing the computation is:

2.1 ASTM Standards: Q=2 (av)
D 1129 Terminology Relating to Water

D 2777 Practice for Determination of Precision and Bias of where: .
Q total discharge,

. Terminology

a = individual partial cross-sectional area, and
1 This test method is under the jurisdiction of ASTM Committee D-19 on Water vy = corresponding mean Velocity of the flow normal (per-
and is the direct responsibility of Subcommittee D19.07 on Sediments, Geomor- pendicular) to the partial area

phology, and Open-Channel Flow. K . .
Current edition approved Sept. 10, 1995. Published November 1995. Originally 4.2 Because computation of total flow is a summation Or_
published as D 3858 — 79. Last previous edition D 3858 — 90. integration process, the overall accuracy of the measurement is
2 The boldface numbers in parentheses refer to the references listed at the end of
this test method.
3 For availability of this publication, contact the International Electrotechnical
Commission, 3 rue de Varembe, CH 1211, Geneva 20, Switzerland. 5 Available from American National Standards Institute, 11 W. 42nd St., 13th
4 Annual Book of ASTM Standardgol 11.01. Floor, New York, NY 10036.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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FIG. 1 Typical Open-Channel Vertical-Velocity Curve (Modified from Buchanan and Somers) 7

generally increased by increasing the number of partial crosgertical-velocity curve (see Fig. 15,(2) two points (0.2 and

sections. Generally 25 to 30 partial cross sections, even fd.8 depth below water surface), (3) one point (0.6 depth), (4)

extremely large channels, are adequate depending on tlmme point (0.2 depth), (5) three points (0.2, 0.6, and 0.8 depth),

variability and complexity of the flow and the cross section.and (6) subsurface (that is, just below the water surface) (see

With a smooth cross section and uniform velocity distribution,10.9 for further description of each method.)

fewer sections may be used. The partial sections should be

chosen so that each contains no more than about 5 % of tHe Significance and Use

total discharge. No partial section shall contain more than 10 % 5.1 This test method is used to measure the volume rate of

of the total discharge. flow of water moving in rivers and streams and moving over or
Note 1—There is no universal “rule of thumb” that can be applied to thrc_JUQh large man-made structures. It can also be used to

fix the number of partial sections relative to the magnitude of flow,Calibrate such measuring structures as dams and flumes.

channel width, and channel depth because of the extreme variations Measurements may be made from bridges, cableways, or boats;

channel shape, size, roughness, and velocity distribution. Where a ratirlgy wading; or through holes cut in an ice cover.

table or other estimate of total flow is available, this flow divided by 25 52 This test method is used in conjunction with determina-

can serve as an estimate of the appropriate flow magnitude for each partigh,5 of physical, chemical, and biological quality and sedi-

section. ment loadings where the flow rate is a required parameter.
4.3 Determination of the mean velocity in a given partial

cross section is really a sampling process throughout thé. Apparatus

vertical extent of that section. The mean can be closely and g 1 Many and varied pieces of equipment and instruments

satisfactorily approximated by making a few selected velocityare needed in making a conventional discharge measurement.

observations and substituting these values in a known math-

ematical expression. The various recognized methods for

determmm_g mean VelOCIty entail VeIOCIty observations at ®Buchanan, T. J., and Somers, W. P., “Discharge Measurements at Gaging

selected distances below the water surface. The depth Seleé“t?ations,”u.s. Geological Survey Techniques of Water-Resources Investigations

tions may include choice of (1) enough points to define aBook 3, Chapter A8.
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The magnitude of the velocity and discharge, location of théheadphone or registers a unit on a counting device. The count
cross section, weather conditions, whether suspended, floatingite is usually measured manually with a stopwatch, or
or particulate matter are present in the water, and vegetativeutomatically with a timing device built into the counter.

growth in the cross sections are all factors determining 6 1.3 Width-Measuring EquipmentThe horizontal dis-
equipment needs. Instruments and equipment used normalf¥nce to any point in a cross section is measured from an initial
include current-meters, width-measuring equipment, depthpoint on the stream bank. Cableways, highway bridges, or foot
sounding equipment, timers, angle-measuring devices, anglidges used regularly in making discharge measurements are
counting equipment. The apparatus is further described in thgommonly marked with paint marks at the desired distance
following paragraphs. intervals. Steel tapes, metallic tapes, or premarked taglines are
6.1.1 Current Meter— Current meters used to measure sed for discharge measurements made from boats or un-
open-channel flow are usually of the rotating-element (seenarked bridges, or by wading. Where the stream channel or
Note 2) or electromagnetic types. Refer to Test Methodgross section is extremely wide, where no cableways or
D 4409 and D 5089 for more specific information. However, s jitaple bridges are available, or where it is impractical to
the equipment sections of this test method emphasize thgying a tape or tagline, the distance from the initial point on the
rotating-element meters mainly because of their present widgsank can be determined by optical or electrical distance meters,

spread availability an(_i use. The operation_ of these meters l§y stadia, or by triangulation to a boat or man located on the
based on proportionality between the velocity of the water and4ss-section line.

the iesulting angular velocny.of .the meter rotor. Henge, by 6.1.4 Depth-Sounding EquipmentThe depth of the stream
placing this instrument at a point in a stream and counting th o .
. ) . elow any water surface point in a cross section, and the
number of revolutions of the rotor during a measured interval . . : :
relative depth position of the current meter in the vertical at

of time, the velocity of water at that point is determined. : o )
: e hat point, are usually measured by a rigid rod or by a sounding
Rotating-element meters can generally be classified into twQ . :
eight suspended on a cable. The selection of the proper

main types: those having vertical-axis rotors, and those having ~.7 . : L
horizontal-axis rotors. The principal comparative characteris:. eightis essential for the determination of the correct depth. A

tics of the two types may be summarized as follows: (1) théight weight wili be carried downstream and incorrectly yield

vertical-axis rotor with cups and vanes operates in lowe epth_observations th_at are too Iarg_e.A“ruIe of thu_mb” fo_r the
velocities than does the horizontal-axis rotor, has bearings th {elec_non. of propder st|hzed twhelghtsdls tto L;sg at\éveighttsli[ghtly
are well protected from silty water, is repairable in the field eavier in pounds than the product of depth (feet) times

without adversely affecting the meter rating, and works effec elqcity (feet per seqond) (no .direct metric_conversion is
tively over a wide range of velocities: (2) the horizontal-axisava'lable)' The sounding cable is controlled from above the

rotor with vanes disturbs the flow less than does the vertical\—Nater surface either by a reel or by a handline. The depth-

axis rotor because of axial symmetry with flow direction, andsoundlrig equmer_it also serves as the posmon fixing aind
is less likely to be fouled by debris. Also, the rotor can beSUPPOrting mechanism for the current meter during velocity

changed for different velocity ranges and meters of this typéneasurements. Sc_mic d?pth _sounc_iers are available bu_t are
are more difficult to service and adjust in the field. usually not used in conjunction with a reel and sounding
weight.

Note 2—Vertical-axis current meters commonly used are of the Price 6.1.5 Angle-Measuring DevicesWhen the direction of
type and are available in two sizes, the large Price AA and the smalley, '~

Pygmy meter. The rotor assembly of the type AAis 5in. (127 mm) and the{IOW Is not at right angles to th_e CrPSS section, the velocity
Pygmy is 2 in. (51 mm) in diameter. The rotor assemblies of both meter¥€Ctor normal to the cross section is needed for the correct

are formed with 6 hollow metal or solid plastic cone-shaped cups. determination of discharge. The velocity as measured by the
The small Price pygmy meter is generally used when the average depturrent meter, multiplied by the cosine of the horizontal angle
in a stream cross section is less than 1.5 ft (0.5 m) and velocity is belowetween the flow direction and a line perpendicular to the cross
2.5 ft/s (0.8 m/s). The large Price type meter_should bg'used when averaggction, will give the velocity component normal to the
depths are greater than 1.5 ft (0.5 m). For high velocities, the large met.‘?‘iieasuring cross section. A series of horizontal angles and
may be used for shallower depths. Do not change the meter if a few partia . - S .
sections are outside these limits. In any case, meters should not be usggrresponoiing cosine values are usually indicated as a series of
closer to the streambed than 1.5 rotor or probe diameters. marked points on the measurement note form (standard form)
Current meters used in the measurement of open-channel flow a@l On a clipboard. The appropriate cosine value is then read
exposed to damage and fouling by debris, ice, particulate matter, seddirectly by orienting the note form or clipboard with the
ment, moss, and extreme temperature variations, and should be selecigitection of the cross section and the direction of flow. When
accordingly. Meters must be checked frequently during a discharggneasuring in deep swift streams, it is possible to sound the
measurement to ensure that they have not been damaged or fouled. depth but the force of the current moves the weight and meter
6.1.2 Counting EquipmenrtThe number of revolutions of a into positions downstream from the cross section; hence, the
rotor in a rotating-element type current meter is obtained by anepths measured are too large (see Fid. Reasurement of
electrical circuit through a contact chamber in the meterthe vertical angle (between the displaced direction of the
Contact points in the chamber are designed to complete asounding line and the true vertical to the water surface) is
electrical circuit at selected frequencies of revolution. Contacteiecessary for computation of both air-line and wet-line correc-
can be selected that will complete the circuit once every fivaions to the measured depth. A protractor for measuring vertical
revolutions, once per revolution, or twice per revolution of theangles is considered to be special equipment which is avail-
rotor. The electrical impulse produces an audible click in aable. Tables of air-line and wet-line corrections are also
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FIG. 2 Position of Sounding Weight and Line in Deep, Swift Water (from Buchanan and Somers) 7

available. Tags or colored streamers placed on the soundirgpplicable in this test method.
line at known distances above the center of the meter facilitate 7.2 Make spatial sampling of velocity and flow in accor-
the measurement of depth, may eliminate the need for air-lindance with procedures and principles set forth in 4.2, 4.3, and
corrections, and facilitate setting the meter at the proper depti.0.9

6.1.6 Miscellaneous EquipmentThe type and size of the o
equipment necessary to make a velocity-area discharge meS:- Calibration
surement are extremely variable, depending on the magnitude 8.1 To meet stipulated accuracy standards, it is necessary
of the discharge to be measured. Items such as sounding reetlgat rigid controls be established and observed in the manu-
streamlined sounding weights that range in size from 15 to 30facturing, care, and maintenance of current meters.
Ib (6.8 to 136 kg), wading rods, handlines, taglines, etc., are 8.1.1 For all practical purposes, virtually all vertical-axis
available to measure discharges, velocities, and cross-sectioriatating-element meters of a specific type and manufacturer are
dimensions of almost any magnitude normally found in openidentical. Some of the large organizations using these meters
channel or stream settings. obtain rigid controls by supplying the production dies and

. fixtures and detailed specifications to manufacturers, so that

7. Sampling identical properties are assured for each unit produced.The

7.1 Sampling as defined in Terminology D 1129 is notrating equations for the meters are nearly identical and a
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standard meter-rating table can be developed for each group wfere generally perpendicular to riverbanks to minimize the
meters received from a common supply source. clear span; modern bridge alignments may cross streams at

8.2 Current-meter rating facilities have been constructed foskewed angles or even on curves. Such bridges are difficult to
the purpose of developing quality control and uniformity in thework from because of constantly changing horizontal-angle
whole current-meter rating procedure (see ISO 3455). At theseorrections.

rating facilities a current meter is “rated” by towing it through 9.4 Current Meter Measurements from Cablewayst sites

a long tank of still water. The meter is rigidly suspended fromwhere the frequency of discharge measurements is high, for
an electrically driven car that rides on rails precisely anchoreéxample, as at a gaging station, a cableway may be erected to
along the top edges of the tank. The car is driven at preciselyerve as a platform for measuring equipment and personnel.
controlled speeds, for a large number of independent runs, tphe advantage of a cableway is that it can be located at the
simulate a range of velocities representing those normallynost suitable hydraulic features on a stream. The meter and
encountered in streamflow measurement. sounding weight are suspended by cable from a sounding reel
in the same manner as from a bridge. Most cableways are built
) ) , , ) to accommodate hand-powered cablecars, to carry the field
9.1 Site Selection- The selection of a suitable site for yerson across the stream. A few larger installations are

making a discharge measurement will greatly affect the acCysquipped with gasoline-powered cablecars.
racy of that measurement. The stream should be straight above9 5 Current Meter Measurements from Boatsmall, light-

and below the measuring section with the main thread of fIOV\<Neight boats, usually powered by outboard motors, are fre-

B e e A e e e sl b S Gty us o a patom for making ischage measure
ents. Measurement sites can be selected on the basis of

jv‘zcég)sn' ;hitﬁgf%rggﬁ Scfigﬂl;ldthg? {/:/ﬁle g;ulségfurrgﬁ:fﬁcz'e;?avorable hydraulic characteristics. Heavy tagl_ines are usuallly
create’ a vertical component in measured velocity Wateatt_ached to both §treambanks to hold the boat in a cross section
- . - Walel iented perpendicular to the flow. Meter and sounding weight
velocities and depths at the selected section must be conS|ste6{} suspended by cable attached to a boom extending over the
with capabilities of the equipment available for making thebow of the boat, and data-collection procedures are similar to

measurement. )
9.2 Current Meter Measurement by Wadir§Vading mea- those used on bridges and cableways.
9.6 Current Meter Measurements Under Ice Cowédn

surements usually are preferred if stream depth and velocity : i . ;
conditions permit. When the selection of a site is not dependef910NS where rivers freeze over during the winter, measure-

on an overhead structure this allows a wider range in choice ghent of discharge through holes cut or drilled in the ice is

possible cross-section locations. Because the field person is §¢Mmmon. Positioning of the current meter and the determina-

the water near his measuring equipment, he is in a position t§on of water depth are most commonly obtained with a wading

note changes in channel geometry, flow angles, or obstructiof@d- FOr deep-swift-moving streams, cable suspension equip-
which might effect flow patterns. In a wading measurement, th&"€nt is required. Sounding reels are mounted on specially

current meter is mounted on a wading rod in such a way thaf€signed sleds or stands and specially designed sounding

when the rod is held in a true vertical position, the meter isVe€ight hangers have been developed to pass through ice holes

parallel to flow. The technician must stand in a position,@ Small as 8 in. (200 mm) in diameter.

usually to the side and slightly downstream from the rod, so 9.6.1 The presence of an ice sheet on top of the water

that his body will not obstruct flow past the meter. As a “rule surface changes the way the water depth is computed. When an
of thumb,” wading measurements are unsafe when the produt&€ Cover exists, it is necessary to compute the effective depth,

of water Ve|ocity (feet per Second) times depth (feet) exceedg’]at is, the depth of water beneath the ice cover. At holes cut

10 (metres per second times depth in metres exceeds 1) with an ice chisel, chain saw, or ice drill, the total depth is
9.3 Current Meter Measurement from Bridge®ridges are measured from the water surface in the hole to the streambed.

frequently used as a platform for making discharge measure-[hen the distance from the water surface to the bottom of the
ments. Measurements from bridges are made by suspendifgf layer is measured using an ice rod, L-shaped scale, or
the current meter on a handline or on a line attached to &lmilar device. The effective depth is computed by subtracting
sounding reel mounted on a bridge crane or bridge board. e latter value from the total depth. In those cases where a
sounding weight is suspended below the meter to hold it ithick slush layer exists below the ice cover, its thickness is
position and as a method of obtaining the water depthdetermiHEd by lowering the meter through it until it turns
Measurements can be made from either the upstream df€ely, then raising the meter until the rotor stops. The distance
downstream sides of a bndge The upstream side is genera"ﬁyus determined is then subtracted from the overall depth of
preferred because the hydraulic characteristics of the bridgeater. The partial section area computation is made by multi-
structure are less likely to affect the flow, streambed scour i®lying the effective depth times the width, which is obtained in
less, and the presence of approaching drift in the stream #§€ same manner as is an open-water wading measurement.
more visible. Advantages of the downstream side are that the 9.6.2 The presence of ice cover can have the effect of added
need for horizontal-angle corrections to the flow vector may behannel roughness and resistance to flow. Therefore, the shape
minimized by the effects of the bridge-support structure. Inof the vertical-velocity profile is altered. When velocity is
situations where a bridge has a pedestrian walkway, that magbtained by either the 0.2 and 0.8 depth method or by
offer a safer working environment. Older bridge alignmentsmeasuring the vertical-velocity profile, the observations are

9. Procedure
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used as in an open-water measurement. However, if the 0.§;here:
depth method is used, a coefficient of 0.92 is applied to theq, = discharge through partial section
velocity observations to adjust for the added resistance of they, = mean velocity at locatiom,
ice sheet. An acceptable alternate procedure is to obtain &, = distance from initial point to locatior,
velocity observation at 0.5 depth and apply a coefficient of b .;y, = distance from initial point to center of next
0.88. partial section, and

10. Calculation d, water depth at locatior.

10.1 In the velocity-area method of making a dischargehHer.lce’ the p"?‘”""‘.' stre.am discharge .through partial 4
o . eavily outlined in Fig. 3) is computed as:
measurement it is assumed that the velocity sample for eaéh
partial cross section represents the mean velocity in that L=V [bs_b3]d
section. The lateral extent of a given partial cross-section spans oL 2
half the distance toward the preceding meter location and half
the distance toward the next meter location. The vertical extent 10.3 Discharge computations at the end sections shown in

is from the streambed to the water surface at the vertical ifrjg. 4 differ slightly in that there is no “preceding location” at

normally made along with measurements of the sounded depth.

10.2 The total flow cross section (see Fig. 3) is defined by o=V, [bz _2 bl] d,
depths at locations 1, 2, 3, 4, 5,n..At each of these locations
the mean of the vertical distribution of velocity is approxi- o = v [bn_ b(nfl):| d
mated to the desired accuracy through a selected sampling "o 2 "

technique of current-meter measurements. The discharge for
the partial cross section at location x is then computed as:  However,d, is zero in the example and therefoye must

by — b1 Py = by By = Bx-1) also be zero. The depth at locatiois shown as a finite vertical
Ax= VX[ 2 ] [ 2 ] X~ VX[ 2 ]dx distance, which could occur at canal walls or at bridge piers
< bn .
- b(n-1) .
be o
< bs >

A\

Water surface

—rf e e e

EXPLANATION

1,23 n Observation points

b;.by.bjs.......... b, Distance, in feet, from the initial
point to the observation point

d,.dydz.......... d, Depth of water, in feet, at the
observation point

Dashed lines Boundary of partial sections; one

heavily outlined discussed in text

FIG. 3 Definition Sketch of Midsection Method of Computing Cross-Section Area for Discharge Measurements
(from Buchanan and Somers) 7



NOTICE: This standard has either been superceded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

iy D 3858

and abutments. Because it is impossible to obtain a curren®.8-depth velocity but no more than twice as great. If this test
meter velocity measurement exactly at locatmpithe velocity  is not met then the 3-point depth method should be used.
is usually estimated as a percentage of the velocity measured Bkperience has shown that this method gives more consistent
the preceding section. A “rule of thumb” for selection of this and accurate results than any of the other methods except the
correction is 85 to 95 %, depending on the roughness of theertical-velocity curve method. The two-point depth method
structure and the observed effect on the flowlines. End sectiorgenerally is not used at depths less than 2.5 ft (0.76 m) because
should therefore be chosen to have small widths. the settings for a large rotating element meter or 1.5 ft (0.46 m)
10.4 In case of narrow streams, the horizontal spacing ofor the pygmy meter would be too close to the water surface
partial sections is partially dependent on the width of theand streambed for dependable results.
current meter. Normal minimum section spacing for Type AA  10.9.3 The six-tenths depth method (0.6 depth below water
Price meters is 0.5 ft (150 mm) and for the Pygmy meter 0.2 fisurface) uses the observed velocity at this depth as the mean
(60 mm). For exceptionally small measuring sections, wher&elocity in the vertical. This method gives reliable results
the total channel width is about 2 ft (0.6 m) or less, sectionvhenever the water depth is too shallow for application of the
spacing as close as 0.1 ft (30 mm) improves the accuracy of thevo-point depth method, whenever large amounts of slush ice

measurement. or debris prevent observation of the 0.2 depth velocity for the
10.5 The summation of the discharges for all of the partiatwo-point depth method, or whenever the stage or flow is
sections is the total discharge of the stream. changing rapidly and a measurement must be made quickly.

10.6 In order to determine the velocity at a point with a 10.9.4 The two-tenths depth method (0.2 depth below water
current meter, it is necessary to immerse the meter at that poisturface) uses the observed velocity at this depth, multiplied by
for a measured interval of time, usually 40 to 70 s. Do nota coefficient, to obtain a value for the mean in the vertical. This
begin timing until disturbances caused by inserting the metemethod is used mainly during periods of extremely high flow
have subsided. It is then necessary for the measuremewnten the velocities are great, making it impossible to obtain
process to span a period of time that is long enough to smootfeliable velocity measurements at the 0.8 or 0.6 depth. A
and average out transient velocity fluctuations. When thegeneral knowledge of the cross section, the relative depths with
timing interval is completed, the velocity value is found from stage, and the vertical-velocity curve at the location are needed
a meter-rating table for the particular meter. Refer to Tesif it is impossible to obtain reliable depth soundings. A
Method D 4409 for guidelines on checking performance ofcoefficient of about 0.87 is typically used as the multiplier for
rotating element current meters. the velocity readings. A sizeable error in the assumed 0.2 depth

10.7 Periodically remove the current meter from the wateiis not critical to accuracy because the vertical-velocity curve at
for examination during the measurement, usually when movinghis point is usually nearly vertical. Normally, the two-point
from one vertical location to another. and six-tenths depth methods are preferred to this method

10.8 Take care to ensure that the current-meter velocitpecause of their greater accuracy.
observations are not affected by upstream obstructions in the 10.9.5 The three-point depth method consists of measuring
channel, random surface waves, and wind. the velocity at 0.2, 0.6, and 0.8 of the depth, thereby combining

10.9 As stated in 4.3, there are various recognized methodbe two-point and six-tenths depth methods. The mean velocity
of measuring the mean velocity in a vertical. Each method hats obtained by averaging the 0.2 and 0.8 depth observations and
its merits depending on the time available to make thghen averaging this result with the 0.6 depth measurement. This
measurement, the width of the stream cross section and depthethod is used when the velocities in the vertical are abnor-
of water, the streambed roughness, whether the stage #gally distributed. The depths must exceed 2.5 ft (0.86 m)
changing, whether the flow is steady or unsteady, and type diefore this method is used, if the measurements are being made
current-meter suspension. Some of the relative merits and usw@éth large rotating-element current meters.
of the various methods are as follows: 10.9.6 The subsurface method of velocity determination

10.9.1 The vertical-velocity curve method for determining aobserves the velocity at some small distance below the water
mean velocity value (see Fig. 1) normally requires averagingurface and converts this velocity determination to a mean
velocity readings taken at 0.1 depth increments over th&elocity in the vertical through the use of a coefficient of 0.86.
interval between 0.1 to 0.9 of the depth. This method isThe observation of velocity should be far enough below the
valuable in determining coefficients for application to results ofwater surface to avoid the effect of surface disturbances. This
other methods. Generally, however, it is not used for routingnethod is used when it is impossible to obtain reliable depth
discharge measurements because of the large amount of tiraeundings.
required to collect nine velocity readings in each vertical in  10.9.7 The surface method has limited use but is appropriate
order to compute each mean velocity. in such events as major floods. Floating debris or ice is simply

10.9.2 The two-point depth method (0.2 and 0.8 depthimed over a known or estimated distance. In these circum-
below the water surface) averages the velocities observed atances, a knowledge of the vertical-velocity curve at the
these two depths in a vertical and this average is used as thecation and a reliable estimate of an applicable coefficient is
mean velocity for that vertical. A rough test of whether or notneeded to convert a surface velocity to a mean velocity in the
the velocities at the 0.2 and 0.8 depths are sufficient fowertical. A coefficient of about 0.85 is commonly used. The
determining the mean vertical velocity is given in the following surface or float method is appropriate when it is impossible to
criterion: the 0.2-depth velocity should be greater than thaise a current meter because of excessive velocities and depths,
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or where velocities and depths are too low for a current-meter 11.3.3 The errors in determining point velocities in a verti-
measurement. cal will depend on the accuracy of the measuring equipment
(current meter), the method used for velocity measurement (see
10.9), the accuracy in placement of the current meter, the
11.1 Determination of the preCiSion and bias for this tesrduration of the Ve|ocity Samp”ng period, closeness to bound-
method is not possible, both at the multiple and single operatojries, and the irregularity of the velocity distribution in time
level, due to the high de_gree o_fin_s.tability of open channel flowyq space. Meters should not be used to sense velocities
Both temporal and spatial variability of the boundary and flow, side their calibration limits. Velocity observations are gen-
conditions ‘?'0 not aIonv for a cpnsent stgndard to be used foérally recorded to two decimal places, in feet per second (5.28
representative sampling. A minimum bias, measured und s or 1.61 m/s), except at extremely low flow, where three-

ideal condlt_|on§, is d|_rectly related to the blf_is of the equipmeng i) accuracy may be used (0.233 ft/s or 0.068 m/s).
used and is listed in the following sections. A maximum

precision and bias cannot be estimated due to the variability of 11-3-4 The overall errors in determining stream discharge
the sources of potential errors listed in 11.3 and the tempordly the velocity area method relate particularly to the choice of

and spatial variability of open channel flow. Any estimate ofthe number of verticals and to the number of measurement
these errors could be very misleading to the user. points in each vertical. Errors will also depend on the width of

11.2 In accordance with 1.6 of Practice D 2777, an exempchannel, the ratio of width to depth, the method of computation

tion to the precision and bias statement required by Practicesed, and the irregularity of stream velocity in time and space.
D 2777 was recommended by the results advisor and concurrddeasured discharge is generally calculated to three-significant
with by the Technical Operations Section of the Committeefigure accuracy’

11. Precision and Bias

D-19 Executive Subcommittee on June 7, 1989. ~11.35 It has been shown that discharge measurements
11.3 The accuracy of a flow measurement by the veloCityhaying 30 partial sections and using the two-point depth
area method is directly related to the following: method of observation, with a 45-s period of observation, will

11.31 Ehe acr:]curacy in the totalfar;]d se_ctir?n width measuréyaye 4 standard error of 2.2 %. This means that two thirds of
ments. Where the measurement of the width between verticalg, easurements made using this procedure would be in error

is normally based on distance measurements from a referenfﬁ, 2.2 % or less. It has also been shown that the standard error

point on the back, the error is usually negligible. Normally, . o ) . : .
width measurements are made and recorded to 1 ft (300 mrT'1 4.2 % for a 25 S period of Qbservatllon, using the 0.6 de.pth
ethod of velocity observations, with depth and velocity

units, except when partial section widths are less than 1 ft (30 bserved at 16 partial tions. The error db ina th
mm) in which case measurements to 0.1 ft (30 mm) units ar served a partial Sections. 'he error caused by using the
er shortcut method is generally less than the error that can

used. Where the measurements are by optical means, the err L . _

will depend on the distance magnitudes and equipment used®® €xPected by shifting of flow patterns during periods of
11.3.2 The errors in measuring the depths relate to botf@Pidly changing stage.

individual soundings and readings of the water level. These

errors can be extremely variable depending on the depth ank- Keywords

roughness of the channel, velocity of flow, stability of the bed 12 1 discharge measurement; open channel flow; water

materials, roughness of the water surface, distance of Observﬁfscharge

above the water surface, and adequacy of sounding weights.

When discharge measurements are made by cable suspension

from bridges or cableways, depth observations are generally

recorded to 0.1 ft (30 mm). For wading measurements, whe

re————
the depths are small and the technician is close to the “Carter, R. W., and Anderson, |. E., “Accuracy of Current-Meter Measure-
ments,”Journal of the Hydraulics Division—Proceedings of the American Society

equipment, depth readings to 0.02 ft (6 mm) to 0.05 ft (15 MMy civii Engineers Vol 89, No. HY 4, July 1963, American Society of Civil
are possible. Engineers, pp. 105-115.
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