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QHny) Designation: D 5130 — 95 (Reapproved 1999)

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

This standard is issued under the fixed designation D 5130; 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 method, refer to Terminology D 1129.

1.1 This test method covers the computation of discharge 3.2 Definitions of Terms Specific to This Standa&kveral
(the volume rate of flow) of water in open channels or stream&f the following terms are illustrated in Fig. 1:
using representative cross-sectional characteristics, the water-3-2.1 alpha (x)—a velocity-head coefficient that represents
surface slope, and coefficient of channel roughness as input € ratio of the true velocity head to the velocity head
gradually-varied flow computatiorfs. comqued on the basis qf th(_a mean velqc[ty. Itis assumeq gqual

1.2 This test method produces an indirect measurement ¢ 1:0 if th_e cross section is not subdivided. For subdivided
the maximum discharge for one flow event, usually a specifiectionsa is computed as follows:
flood. The computed discharge may be used to help define the a= 3
high-water segment of a stage-discharge relation. > <K—2>

1.3 The values stated in inch-pound units are to be regarded A
as the standard. The Sl units given in parentheses are for
information only.

1.4 This standard does not purport to address all of the

safety concerns, if any, associated with its use. It is the K_T3
responsibility of the user of this standard to establish appro- Ar?
p_ri_ate safety and hga!th .practicgs and determine the applica—Where_
bility of regulatory limitations prior to use. Kand A = the conveyance and area of the subsection
2. Referenced Documents indicated by the SUbSCFipt i, and
K and A; = the conveyance and area of the entire cross

2.1 ASTM Standards:

i ; section.
D 1129 Terminology Relating to Wafer . .
D 2777 Practice for Determination of Precision and Bias of 3.2.2 conveyance (K)-a measure of the carrying capacity

. : of a channel and has dimensions of cubic feet per second or
Applicable Methods of Committee D-19 on Water X . .
D 3858 Practice for Open-Channel Flow Measurement 0](:ublc metres per second. Conveyance is computed as follows:
Water by Velocity-Area Methot K = 1486 2
n

2.2 1SO Standards:
ISO 748 Liquid Flow Measurements in Open Channels—

Velocity-Area Method* where:
ISO 1070 Liquid Flow Measurements in Open Channels—n = the Manning roughness coefficient,
Slope-Area Methotl A = the cross-section areaZ(fn®), and
R = the hydraulic radius, ft (m).

3. Terminology

3.1 Definitions: For definitions of terms used in this test e 11486 = 1.00 Shunit.

3.2.3 cross sections (numbered consecutively in downstream
[ order}—representative of a reach of channel and are positioned
1 This test method is under the jurisdiction of ASTM Committee D-19 on Water &S nearly as possible at right angles to the direction of flow.
and is the direct responsibility of Subcommittee D19.07 on Sediments, GeomorT hey must be defined by coordinates of horizontal distance and
phology, and Open-Channel Flow. ground elevation. Sufficient ground points must be obtained so
Current edition approved Sept. 10, 1995. Published November 1995. Original* . . . . .
lypublished as D 5130 — 90. Last previous edition D 5130 — 90. that straight-line connection of the coordinates will adequately
2This test method is similar to methods developed by the U.S. Geologicadescribe the cross-section geometry. If major breaks in the

Survey and described in documents referenced in Footnotes 5, 6, and 7. high-water profile are evident, cross sections should be located
® Annual Book of ASTM Standardgol 11.01. at the breaks

4 Available from American National Standards Institute, 1430 Broadway, NY, .
NY 10018. 3.2.4 cross-section area (Aythe area of the water below

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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3.2.8 Froude number (F-an index to the state of flow in

| . 8 . .
the channel. In a prismatic channel, the flow is tranquil or

|
L . — Section z,,: N : _ . !
| Sectiond | subcritical if the Froude number is less than 1.0 and is rapid or
| supercritical if it is greater than 1.0. The Froude number is
PLAN viEw computed as follows:
e \Y
\/9d,
] I - hrikah)  \where:
«*\ V = the mean velocity in ft/s (m/s),
h hez d,, = the average depth in the cross section in feet, and
— g = the acceleration of gravity in ft/s/s (m/s/s).
M= T b 3.2.9 high-water marks-the evidence of the highest stage
reached by a flood. Debris, stains, foam lines, and scour marks
= are common types of high-water marks. Water-surface slopes
Datum - are determined by the elevations of these marks.
{ L 3.2.10 hydraulic radius (Ry—defined as the area of a cross
PROFILE VIEW section or subsection divided by the corresponding wetted

FIG. 1 Definition Sketch of a Slope-Area Reach perimeter,
3.2.11 roughness coefficient (R or Manning’s n is used in

the high-water surface elevations that are computed by assurifle Manning equation. Roughness coefficient or Manning's n is
ing a straight-line interpolation between elevations on eacf@ measure of the resistance to flow in a channel. The factors
bank. The area is computed as the summation of the productgat influence the magnitude of the resistance to flow include
of mean depth multiplied by the width between stations of thehe character of the bed material, cross section irregularities,

cross section. depth of flow, vegetation, and alignment of the channel. A
3.2.5 friction loss (h)—the loss due to boundary friction in reasonable evaluation of the resistance to flow in a channel
the reach and is equivalent to the following: depends on the experience of the person selecting the coeffi-

cient and reference to texts and reports that contain values for

Ah+Ah, —kidhy similar stream and flow conditiort$. (See 9.3).

where: 3.2.12 velocity head ([)—computed as follows:
Ah = the fall in the reach, aV 2
Ah, = the upstream velocity head minus the down- hvzz—g

stream velocity head,
(kAh,) = the energy loss due to acceleration or deceleration
and to eddies in a contracting or expanding reach, where:
where k is a coefficient for energy losses. o = the velocity-head coefficient, o
Al of the equations presented in this standard are based oY = the mean velocity in the cross section in ft/s (m/s), and
the assumption thétis zero for contracting reaches and 0.5 for 9 = the acceleration of gravity in ft/s/s (m/s/s).
expanding reaches. 3.2.13 wetted perimeter (WP}the total length of the
3.2.6 fall (Ahy—the drop in the water-surface computed asboundary between the channel bed and the water for a cross

the difference in the average water-surface elevation at adj®ection. It is computed as the sum of the hypotenuse of the
cent cross sections. right triangle defined by the distance between adjacent stations

3.2.7 friction slope ($)—the energy loss divided by the ©f the cross section and the difference in bed elevations.
length of the reach or:

4. Summary of Test Method

S = hy 4.1 The slope-area method is used to indirectly determine
L the discharge through a reach of channel, usually after a flood,
using evidence left by the event and the physical characteristics

that becomes: of the channel reach. A field survey is made to determine
Ah + Ah, distances between and elevations of high-water marks and to
D define cross sections of the stream. These data are used to
compute the fall in the water surface between sections and
whenAh, is negative (for a contracting reach), selected properties of the sections. This information is used
or:
Ah + ﬂ/ 5_Bens<_)n, M. A., and Dalrymple, T., _“General Field and Office Proce(_jure_s for
2 Indirect Discharge Measurement§gchniques of Water Resources Investigations
S= L Book 3, Chapter , U.S. Geological Survey, 1967.

6 Matthai, Howard F., “Measurement of Peak Discharge at Width Contractions
. . . by Indirect Methods,”Techniques of Water Resources Investigatiddeok 3,
whenA h, is positive (for an expanding reach). Chapter A4, U.S. Geological Survey, 1984.



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.

il D 5130

along with Manning’sn in the Manning equation to compute 8.3 If the “reciprocal leveling” technique is used in the
the dischargeQ. The Manning equation in terms of discharge, survey, it is the equivalent of the two-peg test between each of

Q, is as follows: the two successive hubs.
1.486 8.4 Sectional and telescoping level rods should be checked
Q=—7—AR™S§ *orQ visually at frequent intervals to be sure sections are not
—KS " separated. A proper fit at each joint can be quickly checked by

measurements across the joint with a steel tape.

The symbols on the right sides of the equations are defined 8.5 All field notes of .the t(ansit-stadia survey should be
in Section 3. checked before proceeding with the computations.

9. Procedure

5. Significance and Use
9.1 Selection of a reach of channel is the first and probably

5.1 This test method is particularly useful for determining . ) )
the discharge when it cannot be measured directly by somtg'e most important step to obtain reliable results. Ideal reaches
rarely exist; so the various elements in a reach must be

type of current meter to obtain velocities and with sounding | d and X d hat the b h
weights to determine the cross section. evaluated and compromises made so that the best reac

5.2 Even under optimum conditions, the personnel availablé‘va"able is selecteti Selection soon after the flood event is
cannot cover all points of interest during a major flood. Fieldrecommended because livestock, humans, heavy rain, and bank

personnel cannot always obtain reliable results by direc?l(;u%hling ca(rjw r(]j_eitroy high-wster marks. il f d |
methods if the stage is rising or falling very rapidly, if flowing i ood high-water marks are essential for good results.

ice or debris interferes with depth or velocity measurements/\t iMes a reach with poor quality marks must be used because

5.3 Under the worst conditions, access roads are blocke(ﬁ),f qther co_mplicating. fac.tors such as inflgw, proximity to a
ging station, etc. List high-water marks in a format such as

cableways and bridges may be washed out, and knowledge g i Fig. 2
the flood frequently comes too late to obtain direct measure="9Wn 1N F19. <. .
9.1.2 The nearer the reach to a uniform channel the better.

ments of flow. Therefore, some type of indirect measurement i ked ch i ch sh hould b ded b
necessary. The slope-area method is a commonly used methjqar ed changes in channel shape should be avolded because
of uncertainties regarding the value of the expansion/

6. Apparatus contraction loss coefficient K) and the friction losses in the
6.1 The equipment generally used for a “transit-stadia"reaCh' Changgs n chan_nel conveyance shou_ld be fairly uni-
' form from section to section to be consistent with the assump-

survey is recommended. An engineer’s transit, a self-leveling . -
Y ) ) 9 . . "%ion that the mean conveyance is equal to the geometric mean
level with azimuth circle, newer equipment using electronic ;
of the conveyances at the end sections.

circuitry, or other advanced surveying instruments may be 9.1.3 A reach with flow confined to a roughly trapezoidal

used. Standard level rods, a telescoping, 25-ft (7.6 m) level rod . . )
: / annel is desirable because roughness coefficients have been
rod levels, hand levels, steel and metallic tapes, tag lines (sma .
etermined for such shapes. However, compound channels,

WIres with markers fixed at known spacings), vividly cplored those with overbank flow, for example, can be used if they are
flagging, survey stakes, a camera (preferably stereo) with color

film, light meter, and ample note paper are necessary items properly subdivided into subareas that are approximately
' ! ) . . “"trapezoidal.
6.2 Additional equipment that may expedite a survey in-

d ) .. 9.1.4 A straight reach that contracts is preferred, but both
clude axes, shovels, a portable drafting machine, a boat with ™" 7. o
conditions seldom exist in the same reach. Whether or not a

oars and motor, hip boots, waders, rain gear, nails, soundmI%ach is contracting or expanding depends solely upon the

B ket frs EETence i Velociy heacin) bueen sectons Thereach
L e . ' is contracting if the difference in the velocity head is negative.
kit, drinking water, and pocket knives. : M : . )
The reach is expanding if the velocity-head difference is
positive.

9.1.5 Cross sections are assumed to be carrying water in
accordance with the conveyance for each part of the section.
Therefore, the channel for some distance upstream should be
8. Calibration si'millar to Fhat of_ the reach. Then the discharge will be

' o ) distributed in relation to depths, roughness, and shape. If the

8.1 The surveying instruments, levels and transits, etCypstream section is located too close to a sharp bend, a bridge
should have their adjustment checked before each use ampgyt constricts the width, or a natural constriction, slack water,
possibly daily when in continuous use or after some occurrencgy even an eddy may occupy part of the section; and the section

that may have affected the adjustment. will not be effective in carrying water downstream in propor-
8.2 The standard check is the “two-peg” or* double-peg”jon to the computed conveyance.

test. If the error is over 0.03 ft in 100 ft (0.9 cm in 30.5 m), the

instrument should be adjusted. The two-peg test and how to

adJUSt the !ns_trumen_t are despnbed In many surveying text- “Benson, M. A., and Dalrymple, Tate, “Measurement of Peak Discharge by the
books and in instructions provided by the .m".a-nUfaCturer- RQfe§lope-Area Method, Techniques of Water Resources InvestigatioBeok 3,

to manufacturer’'s manual for the electronic instruments. Chapter . U.S. Geological Survey, 1967.

7. Sampling

7.1 Sampling as defined in Terminology D 1129 is not
applicable in this test method.
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FIG. 2 Sample Slope-Area Computation, Listing of High-Water Marks

9.1.6 Channels in mountainous areas may be very rough arsction or to subdivisions of a section, but the n selected should
steep and may have free fall over rifles and boulders. Theepresent conditions in the partial reach for which the section
Manning equation is not applicable when free fall exists.is typical. Several factors affect the selection of an n value for
However, free fall may or may not be indicated by thea channel. The most important factors are the type and size of
high-water profiles or by inspection of the reach. Crossthe materials that compose the bed and banks of a channel and
sections can be located to eliminate any part of a reach ithe shape of the channel. Techniques of determining values of
which free fall is indicated. If the reach includes stretches inn are given in most texts on hydraulics. One particularly
which free fall might have occurred, the computed dischargebelpful reference uses photographs and descriptive stream
are not reliable. channel data to describe values mf Cowan developed a

9.1.7 The reach should be long enough to develop a fall thgtrocedure for estimating the effects of these factors to deter-
is well beyond the range of error in the surveying method, inmine the value oh for a channe? In this procedure, the value
alternative interpretations of the high-water profile, or inof n may be computed by the following:
uncertainties related to the computation of the velocity head.

One suggested criteria is that the fall in the reach should be 0.5
ft (0.15 m) or greater than the velocity head in the reach, orwhere:

n=(n, +n +n,+n;+nym

both. n, = a base value oh for a straight, uniform, smooth
9.2 Cross sections represent the geometry of a reach of channel in natural materials,

channel. For example: section 2 should be typical of the reach. = a value added to correct for the effect of channel-bed

from halfway upstream to section 1 to halfway downstream to iregularities, _

section 3. A minimum of three cross sections is highly N2 = & Vvalue for variations in shape and size of the channel

recommended. Cross section,

9.2.1 Locate cross sections at major breaks in the high-watefs = @ value for obstructions,
profiles. To do so, the high-water marks should be plotted in
the field, and a profile for each bank drawn before sections are
located and surveyed. Several high-water marks near the ends

. . . . . 8 ] Tt »”
of the sections are desirable to define the high-water elevations Bames, H. H., Jr, “Roughness Characteristics of Natural StreaDhs:
. eological Survey Water Supply Paper 184967.
at these pomts. . ) . 9 Cowan, W. L., “Estimating Hydraulic Roughness Coefficient&gricultural
9.3 The roughness coefficient, is assigned to a Cross Engineering July 1956, pp. 473-475.
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n, = a value for Vegetation and flow Conditions, and Channel, and nothing is added because the channel alignment is
m = a correction factor for channel meanders. almost straight and the depth of flow has no effect. mlalue

9.3.1 Then-value is determined by first selecting a baseused is 0.043.
value for a straight, uniformly shaped channel reach with 9.3.9 When two or more field personnel selestalues, the
existing bed material forming the wetted perimeter and thervalues should never be arbitrarily averaged. Discussion of the
adjusting it for other conditions influencing the flow. bases for each one’s selection should be held in the field and a
9.3.2 Bank irregularities might add as much as 0.020 to th€onsensus value agreed upon.
basen. Gradual changes have a minimal effectron .
9.3.3 Vegetation may cause an increase of as much as 10. Computations
0.040 depending upon the percentage of the cross section10.1 A number of computations must be performed manu-
occupied by the vegetation, its type and density, and height cilly before the data are ready for input to a computer program
growth in relation to depth of flow. or for continuing with manual computations. Computations to
9.3.4 Depth of flow usually does not affect the base value othree significant figures are all that are warranted in this test
n. For streams with cobble or boulder beds, n may decreas@€thod. Discharge computations for use in slope-area mea-
with an increase in stage if the bank roughness is less than thegrements are given in Fig. 3.
of the bed. 10.1.1 After the field notes are checked, the plan view (see
9.3.5 Obstructions such as irregularly spaced or isolateffig. 4) and cross-sections (see Fig. 5) plotted, the profiles
boulders will retard the flow more than ones fairly uniformly drawn (see Fig. 6), and the cross-sections located thereon, the
distributed, hence a higher value of n is implied. fall, Ah, between cross-sections is computed. The water-
9.3.6 Curves and bends in a channel probably increéesss ~ surface elevations are determined by averaging elevations for
than 0.003 unless they are sharp ones. Sharp bends shouldgh banks at each cross section. The upstream average
avoided. elevation minus the downstream average elevation is the fall
9.3.7 Flow characteristics in meandering flow situationswithin the reach. Computations of fall are shown on a profile
change abruptly when overbank flows cross the meanders arstieet.
follow the general direction of the valley. The value mfis 10.1.2 The length of the reach between cross sections is
subject to large increases, depending on intervening overbari@mputed from the stationing of the ends of the sections or by
conditions. According to Cho#? meanders can increase n scaling the length on the plan provided the channel is straight

values as much as 30 % where flow is totally confined withinor nearly so. If the channel is curving and of nearly uniform
a channel. depths, measure the length on the curved line along the center

9.3.8 For Example—The range in the base for a stream Of the channel. Where the main channel is closer to the outside
with a clean gravel bed is 0.028 to 0.035. Assuming a value o®f the curve, use the length along the center of the deep
0.030 for this example, 0.003 is added because of bankhannel. Computations of length should also be shown on a

irregularities, 0.010 is added to account for vegetation in thérofile sheet.
10.2 Manual computation of discharge is neither efficient

- nor economical. However, thorough knowledge of manual
10 Chow, V. T.,Open Channel HydraulicsicGraw-Hill, 1959, pp. 108-109.  computation techniques will give the user added insight into

Number of
croas sections
2 Q=K2 A
% Dopis| —a (4 )(1—k>+a2<1—k>]
3 Ah

2 2
\/ (% Lot Lua) g ] —a(5) (= ea(§) Gramhin -+ 1) |
Mtzli;ple Q:K,,‘/Z%—E’ where

L L, KL g-tn-1y | Kp*Ln-1;-
‘4 an 1-2 n2 2-3 L n (n=2=~(n—1) n {n—1)-n
RET KK Ka-wKan T KoK,

B= A 22g [ ! (A ) (1—ki2)+ e (A ) (ky-3—ki-2) +as (A ) (kes-s—h2s)+ -

A 2
+¢1(u-—1) (Z’::ﬁ:) (k(n—l)-n_k(u—2)-(n—l)) +an(1—k(n—1)-n)]'

FIG. 3 Discharge Equations for Use in Slope-Area Measurements

+K
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FIG. 4 Sample Slope-Area Computation, Plan View of Reach

the interrelationships of the various factors and a good basis fahe wetted perimeter as shown in Fig. 9.

a reliable evaluation of computer output. 10.2.1.5 A form similar to that of Fig. 9 expedites the
10.2.1 Computations of cross-section properties—area, wegpmputation of the conveyanc&, and the velocity head

ted perimeter, hydraulic radius, conveyance, and the velocitycoefficienta. Computations are straightforward as indicated on

head coefficient—can be standardized by using forms similaghe form in Fig. 9. To avoid handling very large numbers when

to those in Fig. 7. o computing the factok®a? move the decimal point one, two, or
10.2.1.1 The area of a cross section is computed by thgee places to the left. In Fig. 9, it was moved two places for

mean-section method to facilitate computer computations. Thige area and three for the conveyance. Computations are also

test method uses partial sections having an area equal to tg?mplified if K3/a2 is computed asK(/a)?K. All computations

mean of two adjacent depths multiplied by the horizontalspouid be checked by a second person familiar with the
distance between them. See Fig. 8. method

10.2.1.2 The summation of the areas for all of the partial 10.2.1.6 The discharge is computed by assuming a dis-

sections is the total area of the cross section. . . o
harge, computing the velocity heads, friction loss, slope, and

10.2.1.3 The wetted perimeter or slope distance betweeR . )
two ground points is computed as the hypotenuse of a righ? computed discharge. When the assumed discharge equals the

triangle with sides equal to the distance between stations a mputed dlscharg_e, you have a final result. The equation in
the difference in bed elevations. For example: the wette Ig. 3 for two sections can be used to compute the assumed

perimeter between stations 11 and 12 of section 2 in Fig. 7 idischarge. i ) .
the square root of the sum of the squares of (12-11) and 10.3 Computer calculations can be used afteritems in 10.1.1
(14.0-11.6) or (B+2.4 )%= (6.76)*=2.6. It is more @and 10.1.2 have been determined. These data are input for a

convenient to use a table listing the increase of the slopgrogram that computes section properties, conveyances, al-
distance over the horizontal distance to compute the wetteBNnas, slopes, head losses, and the discharges for all possible
perimeter' In Table 1 for the above example’ the width of thé:omb|nat|0ns of 2, 3, . consecutive cross Sec“ons, where n
section is 1 (12-11) and the difference in bottom elevations igs the total number of cross sections available.
2.4 (14.0-11.6), the increase in slope distance over horizontal 10.3.1 Inconsistent results between the various combina-
distance is 1.6. The wetted perimeter is therefore (1 + 1.6) ations of consecutive cross sections calls for a re-examination of
(1 +2.6). profile interpretations, relations between roughness coeffi-
10.2.1.4 The hydraulic radiuR, equals the area divided by cients, and possible errors in input data. In general, the
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FIG. 5 Sample Slope-Area Computation, Cross Sections

discharge computed for the entire multiple-section reach

should be used.
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FIG. 6 Sample Slope-Area Computation, High-Water Profile
11. Evaluation of Results 11.2 Consistent results from all two-section subreaches may

11.1 Whether the discharge is computed manually or b)}ndicate a reliable discharge. If the spread between subreach
computer, its reliability should be evaluated. Some considerdischarges exceeds 25 %, the discharge should be classified as
ations are given in this section. poor.
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FIG. 7 Sample Slope-Area Computation, Cross-Section Properties

11.3 The discharge for an expanding reach is computedecompute the discharge usikgs 0 and as 1.0. Compute the
using k as 0.5. To evaluate the sensitivity of the value 0.5,percent spread as follows:
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FIG. 9 Sample Slope-Area Computation, Discharge

Q — Qo % 100 11.4.1 Achange from a value greater than 1.0 (supercritical
Q flow) to one less than 1.0 (subcritical flow) indicates the

If spread is greater than 15 %, the expansion losses have np@ssibility of a hydraulic jump in the reach. Such a reach is

been adequately determined; therefore, the computed dischargéspect because the energy losses are not accurately deter-
is not reliable. mined in this test method.

11.4 Compare the Froude numbers at each cross section. 11.4.2 Conversely, a change from subcritical to supercritical

10
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TABLE 1 Increase of Slope Distance Over Horizontal Distance for Computing Wetted Perimeter A

lefeirnence Width of Section, in feet &

Elevation

of Bottom, 4 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20
in feet
0.4 0.1
0.5 0.1 0.1
0.6 0.2 0.1 0.1
0.7 0.2 0.1 0.1 0.1
0.8 03 02 01 01 01 01
0.9 0.3 0.2 0.1 0.1 0.1 0.1 0.1 0.1
1.0 0.4 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1
1.1 0.5 0.3 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
1.2 06 03 02 02 01 01 01 01 01 01 01 01 01
1.3 0.6 0.4 0.3 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
1.4 0.7 0.4 0.3 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
1.5 08 05 04 03 02 02 02 01 01 01 01 01 01 01 01 01 01 01 01 01
1.6 0.9 0.6 0.4 0.3 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
1.7 1.0 0.6 0.4 0.3 0.3 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
1.8 1.1 0.7 0.5 0.4 0.3 0.3 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
1.9 1.1 0.8 0.6 0.4 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
2.0 1.2 0.8 0.6 0.5 0.4 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1
2.1 1.3 0.9 0.7 0.5 0.4 0.4 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1
2.2 1.4 1.0 07 06 05 04 03 03 03 02 02 02 02 02 02 01 01 01 01 01
2.3 1.5 1.0 0.8 0.6 0.5 0.4 0.4 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.1
2.4 1.6 1.1 0.8 0.7 0.5 0.5 0.4 0.4 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.1
2.5 1.7 1.2 09 07 06 05 04 04 03 03 03 03 02 02 02 02 02 02 02 02
2.6 1.8 1.3 1.0 0.8 0.6 0.5 0.5 0.4 0.4 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2
2.7 1.9 1.4 1.0 0.8 0.7 0.6 0.5 0.4 0.4 0.4 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2
2.8 2.0 1.4 1.1 09 07 06 05 05 04 04 03 03 03 03 03 02 02 02 02 02
29 2.1 1.5 1.2 0.9 0.8 0.7 0.6 0.5 0.5 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.2
3.0 2.2 1.6 1.2 1.0 0.8 0.7 0.6 0.5 0.5 0.4 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2
3.1 2.3 1.7 1.3 1.1 09 08 07 06 05 05 04 04 04 03 03 03 03 03 03 02
3.2 2.4 1.8 1.4 1.1 0.9 0.8 0.7 0.6 0.6 0.5 0.5 0.4 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.3
3.3 2.4 1.9 1.5 1.2 1.0 0.8 0.7 0.7 0.6 0.5 0.5 0.4 0.4 0.4 0.4 0.3 0.3 0.3 0.3 0.3
3.4 2.5 1.9 1.5 1.2 1.0 09 08 07 06 06 05 05 04 04 04 04 03 03 03 03
3.5 2.6 2.0 1.6 1.3 1.1 0.9 0.8 0.7 0.7 0.6 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.3 0.3 0.3
3.6 2.7 2.1 1.7 1.4 1.2 1.0 0.9 0.8 0.7 0.6 0.6 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.3 0.3
3.7 28 22 1.8 1.4 1.2 1.0 09 08 07 07 06 06 05 05 04 04 04 04 04 03
3.8 2.9 2.3 1.8 1.5 1.3 1.1 1.0 0.9 0.8 0.7 0.6 0.6 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.4
3.9 3.0 24 1.9 1.6 1.3 1.2 10 09 08 07 07 06 06 05 05 05 04 04 04 04
4.0 31 25 20 1.7 1.4 1.2 11 09 08 08 07 06 06 06 05 05 05 04 04 04

A To obtain wetted perimeter, add value from table to width.
B One foot equals 0.3048 m.

flow might indicate a contraction or free fall in the reach. level, due to the high degree of instability of open-channel
Neither conditions is accounted for in this test method, so théow. Both temporal and spatial variability of the boundary and
discharge is questionable. flow conditions do not allow for a consent standard to be used
11.4.3 If the Froude numbers indicate possible problemsfor representative sampling. A minimum bias, measured under
re-examine the profiles. Sharp drops may confirm the condideal conditions, is directly related to the bias of the equipment
tions noted in 11.4.2. A gradual transition from subcritical toused and is listed in the following sections. A maximum
supercritical is possible, and a continuous, smooth profile coulg@recision and bias cannot be estimated due to the variability of
result, in which case the computed discharge may be acceptdide sources of potential errors listed in Section 11 and the
as valid. temporal and spatial variability of open-channel flow. Any
11.5 Other factors are the stability of the streambed anestimate of these errors could be very misleading to the user.
banks, the adequacy of the high-water marks, the amount of 12.2 In accordance with Section 1.6 of Practice D 2777, an
fall, the magnitude of the velocity head with respect to the fall,exemption to the precision and bias statement required by
and whether or not vegetation was washed out during the flowractice 2777 was recommended by the Results Advisor and
event. concurred with by the Technical Operations Section of the
Executive Subcommittee on June 15, 1990.
12. Precision and Bias
12.1 Determination of the precision and bias for this testl3- Keywords
method is not possible, both at the multiple and single operator 13.1 flood; open channel flow; water discharge

11
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