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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with 1SO, also take part in the work. ISO collaborates closely with the International Electrotechnical
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Measurement of liquid flow in open channels —

Part 2

Determination of the stage-discharge relation
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ISO/TR 9123:1986, Liquid flow measurement in open channels — Stage-fall-discharge relations.

ISO 9196:1992, Liquid flow measurement in open channels — Flow measurements under ice conditions.

ISO 9213:1992, Measurement of total discharge in open channels — Electromagnetic method using a full-channel-

width coil.

1) To be published. (Revision of ISO 5168:1978)
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3 Definitions and symbols

For the purpose of this part of ISO 1100, the definitions and symbols given in ISO 772 apply. Those that are not
covered by ISO 772 are given in the text of this part of ISO 1100. The symbols used in this part of ISO 1100 are
given below:

A cross-sectional area,

Cb a coefficient of discharge,

C Chezy's channel rugosity coefficient,
h gaude height of the watfer surface,

slopg of the rating curve,

Q totalldischarge,

Qo steafly-state discharge,

I hydraulic radius, equal to the effective cross-sectional area divided by the wetted perimeter (A/P)
St frictipn slope,

So watgr surface slope corresponding to steady discharge,

v, velogity of a flood wave,

B crospg-section width,

e effegtive gauge height of zero flow,

H totallhead (hydraulic head),

n is Manning's channel rugosity coefficieft,

p is a fonstant that is numerically egual to the discharge when the effective depth of flow (h — e) is ¢qual
to 1,

t is time.

4 Units of measurement

The Internajonal System of Units (SI Units) is used in this part of ISO 1100 in accordance with 1ISO 31 and ISO
1000.

5 Principle of the stage-discharge relation

The stage-discharge relation is the relation at a gauging station between stage and discharge, and is sometimes
referred to as a rating or rating curve. The principles of the establishment and operation of a gauging station are
described in ISO 1100-1.
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5.1 Controls
5.1.1 General

The stage-discharge relation for open-channel flow at a gauging station is governed by channel conditions
downstream from the gauge, referred to as a control. Two types of control can exist, depending on channel and flow
conditions. Low flows are usually controlled by a section control, whereas high flows are usually controlled by a
channel control. Medium flows may be controlled by either type of control. At some stages, a combination of section
and channel control may occur. These are general rules and exceptions can and do occur. Knowledge of the
channel features that control the stage-discharge relation is important. The development of stage-discharge curves
where more than one control is effective, where control features change, and where the number of measurements
is limited, usually requires judgement in interpolating between measurements and in extrapolating beyond the
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Df the length of a channel-centrol reach is usually neither possible nor necessary.

Imbination controls

tages, the stage-discharge relation may be governed by a combination of section and char
Ily occurs fora short range in stage between section-controlled and channel-controlled seg
s part of thefrating is commonly referred to as a transition zone of the rating, and represents
on control’ to channel control. In other instances, a combination control may consist of
vhere\each has partial controlling effect. More than two controls acting simultaneously is rare.
bp-controls, and/or transition zones, occur for very limited parts of a stage-discharge rela

tend to shift

| gauge, that
tural feature
Likewise, a
vay. Section
in the water
er flows, the
e height and
ction control

lvnstream, or by the hydraulic geometry and roughness of the channel downstream (i.e. channpel control).

huge. These
At controls a
ntrolled by a
much longer
low. Precise

nel controls.
ments of the
the change
two section
In any case,
ion and can

usually be
a stage-di

dafinad hyv nlaottina nrocadurac Trancition zaonac in narticnlar ranracant chanaac 1n tha clan,
GEeHRe B y—pProtthg—pt S—HRSHOR—ZLORESTHpPattcuar—Teprese ceHanges—H—e

scharge relation.

5.2 Governing hydraulic equations

TTOPT

or shape of

Stage-discharge relations are hydraulic relations that can be defined according to the type of control that exists.
Section controls, either natural or manmade, are governed by some form of the weir or flume equations. In a very
general and basic form, these equations are expressed as:

Q = CpBHLS @)


https://standardsiso.com/api/?name=f07893d6b94555cc551d577e133cd358

ISO 1100-2:1998(E)

where

Q s discharge, in cubic metres per second (m°®/s),

C, is
B is
H is

a coefficient of discharge and may include several factors,
cross-section width, in metres (m), and

hydraulic head, in metres.

©1SO

Stage-discharge relations for channel controls with uniform flow are governed by the Manning or Chezy equation,

as it applies

to the reach of controlling channel downstream from a gauge. The Manning equation is:

| >

Q

where

A is

ry is fydraulic radius, in metres,

S is
n is(
The Chezy 4

Q=C

where Ciis tihe Chezy form of rugosity.
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evelopment of stage-discharge relations, and are not described in this part of ISO 1100.
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small dams usually. present few problems in their calibration and maintenance. However, co

rge relation may.change position occasionally, or even frequently. This is usually a temporary
e accounted:for through the use of the shifting-control method.

Ckwatef.can affect a stage-discharge relation, both for stable and unstable channels. S
AN be downstream reservoirs, tributaries, tides, ice, dams and other obstructions that influend
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Another complexity that exists for some streams is hysteresis, which results when the water surface slope changes
due to either rapidly rising or rapidly falling water levels in a channel control reach. Hysteresis is sometimes referred
to as loop ratings, and is most pronounced in relatively flat sloped streams. On rising stages the water surface slope
is significantly steeper than for steady flow conditions, resulting in greater discharge than indicated by the steady
flow rating. The reverse is true for falling stages. See 6.8.4 for details on hysteresis ratings.

The succeeding clauses of this part of ISO 1100 will describe in more detail some of the techniques available for
analyzing the various complexities that may arise.
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6 Stage-discharge calibration of a gauging station
6.1 General

The primary object of a stage-discharge gauging station is to provide a record of the discharge of the open channel
or river at which the water lever gauge is sited. This is achieved by measuring the stage and converting this stage to
discharge by means of a stage-discharge relation, which correlates discharge and water level. In some instances,
other parameters such as index velocity, water surface fall between two gauges, or rate-of-change in stage may
also be used in rating calibrations. Stage-discharge relations are usually calibrated by measuring discharge and the
corresponding gauge height. Theoretical computations may also be used to aid in the shaping and positioning of the
rating curve. Stage-discharge relations from previous time periods should also be considered as an aid in the
shaping of the rating.

6.2 General preparation of a stage-discharge relation

6.2.1 General

The relati
observatig
noting the
plotting te
scale. Ea
the stage
discharge

6.2.2 Lig

The first s
be used f
period of
should als

bn between stage and discharge is defined by plotting measurements of discharge with ¢
ns of stage, taking into account whether the discharge is steady, increasing or decreasi
rate of change in stage. This may be done manually by plotting on-paper, or by using d
chniques. A choice of two types of plotting scale is available, eitheran arithmetic scale or
th has certain advantages and disadvantages, as explained in subsequent clauses. It is cust
as ordinate and the discharge as abscissa, although when using the stage-discharge relat
from a measured value of stage, the stage is treated as the ind€pendent variable.

t of discharge measurements

tep before making a plot of stage versus discharge is to prepare a list of discharge measurem
or the plot. At a minimum this list should include at least 12 to 15 measurements, all mad
hnalysis. These measurements should be, well distributed over the range in gauge heights ex
o include low and high measurements.\from other times that might be useful in defining the ¢

brresponding
g, and also
omputerized
h logarithmic
bmary to plot
on to derive

ents that will
e during the
perienced. It
prrect shape

of the rating and/or for extrapolating the rating:Extreme low and high measurements should be included wherever

possible.

For each @lischarge measurement in thelist the following items shall be included:

a) Unique identification number

b) Date jof measurement

c) Gauge height of mgasurement

d) Total|discharge

e) Accufacyof’measurement

f) Ratelef-ehange-in—stage-duringmeasurement—aplus—sign-indicating—+ising-Stage—eana-a—minus—sign indicating
falling stage.

Other information might be included in the list of measurements, but is not mandatory. Table 1 shows a typical list of
discharge measurements, including a number of items in addition to the mandatory items. The discharge
measurement list may be handwritten for use when hand-plotting is done, or the data may be a computer list where
a computerized plot is developed.
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Table 1 — Typical list of discharge measurements
ID Date | Made | Width | Area | Mean | Gauge |Effective |Discharge | Method | Number | Gauge | Rated
number by velocity | height depth verticals | height
change
m m?2 m/s m m m3/s m/h
12 04/08/38 | MEF | 36,27 | 77,94 | 1,272 2,682 2,082 99,12 0,2/0,8 22 -0,082 |GOOD
183 | 02/06/55| GTC | 33,53 | 78,41 | 1,405 2,786 2,186 110,2 0,6/0,2/0,8 22 -0,047 |GOOD
201 | 02/04/57| AJB | 28,96 | 21,92 | 1,511 2,002 1,402 33,13 |0,6/0,2/0,8 21 -0,013 [POOR
260 |03/13/63 | GMP | 26,52 | 21,46 | 1,400 1,981 1,381 30,02 0,6 22 —-0,020 |GOOD
313 |08/24/66 | HFR | 30,18 | 42,08 | 1,602 2,374 1,774 67,40 |0,6/0,2/0,8 22 +0,006 |GOOD
366 |08/21/73 | MAF | 28,96 | 14,86 | 0,476 1,557 0,957 7,080 0,6 21 0 GOOD
367 |10/10/73 | MAF | 28,96 | 13,66 | 0,361 1,490 0,890 4,928 0,6 21 0 GOOD
368 | 11/26/73 | MAF | 29,26 | 14,21 | 0,373 1,509 0,909 5,296 0,6 18 0 GOOD
369 |02/19/74 | MAF | 29,87 | 16,26 | 1,291 1,838 1,238 20,99 0,6 21 0 GOOD
370 | 04/99/74 | MAF | 29,26 | 21,27 | 0,805 1,780 1,180 17,13 |0,6/0;2/0;8 21 0 GOOD
371 | 05/29/74 | MAF | 29,57 | 19,69 | 0,688 1,710 1,110 13,54 0,6 21 0 GOOD
372 | 07/10/74 | MAF | 28,96 | 16,81 | 0,458 1,573 0,973 7,703 0,6 21 0 GOOD
373 | 08/22/74 | MAF | 29,26 | 15,79 | 0,481 1,570 0,970 7,590 0,6 21 0 GOOD
374 | 10/Q1/74 | MAF | 29,26 | 13,19 | 0,264 1,414 0,814 3,483 0,6 21 0 GOOD
375 | 11/11/74 | MAJ | 28,96 | 11,71 | 0,283 1,396 0,796 3,313 0,6 21 0 GOOD
382 | 10/91/75| MAF | 30,48 | 43,76 | 1,598 2,432 13832 69,95 0,2/0,8 21 +0,01ff |GOOD
6.2.3 Arithmetic plotting scales
The simplesf type out measurements shown.ir figure 1. Scale subdivisions should be chosen to cover thg complete
range of gadge height and discharge expected to occur at the gauging site. Scales should be subdivided in uniform,
even increments that are easy to read and interpolate. They should also be chosen to produce a rating curve that is
not unduly steep or flat. Usually the curve should follow a slope of between 30° and 50°. If the range in galige height
or dischargd is large, it may be hecessary to plot the rating curve in two or more segments to provide gcales that
are easily rdad with the necessary precision. This procedure may result in separate curves for low watef, medium
water, and high water. Care) should be taken to see that, when joined, the separate curves form a smooth,
continuous dombined curve.
Graph papef with arithmetic scales is convenient to use and easy to read. Such scales are ideal for digplaying a
rating curve] and have an advantage over logarithmic scales, in that zero values of gauge height and/or [discharge
can be plotted-, However, for analytical purposes, arithmetic scales have practically no advantage.| A stage-
discharge retattonon-arithmetic-scatesis—almost-alwaysa—ctrvedHineconcavedownward—which—ecanbe" difficult to

shape correctly if only a few discharge measurements are available. Logarithmic scales, on the other hand, have a
number of analytical advantages as described in the next clause. Generally, a stage-discharge relation is first drawn
on logarithmic plotting paper for shaping and analytical purposes, and then later transferred to arithmetic plotting
paper if a display plot is needed.

6.2.4 Logarithmic plotting scales

Most stage-discharge relations, or segments thereof, are best analyzed graphically through the use of logarithmic
plotting paper. To utilize fully this procedure, gauge height should be transformed to effective depth of flow on the
control by subtracting from it the effective gauge height of zero discharge. A rating curve segment for a given
control will then tend to plot as a straight line with an equation form as described in 6.2.4.2. The slope of the straight
line will conform to the type of control (section or channel), thereby providing valuable information to shape correctly
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the rating curve segment. In addition, this feature allows the analyst to calibrate the stage-discharge relation with
fewer discharge measurements. The slope of a rating curve is the ratio of the horizontal distance to the vertical
distance. This non-standard way of measuring slope is necessary because the dependent variable (discharge) is
always plotted as the abscissa.

2,5
183 (///
12
//
2
-
38233/
/A 313
//
15
260 /
e /f\zm
o 370, & 369
= 371 \7%
y 373 372
368 #1366
367
374
375
0.5
0
q 50 100 150
Discharge, @ m3/s
NOTE — |Numbers indicated‘against plotted observations refer to ID numbers given in table 1.
Figure 1 — Arithmetic plot of stage-discharge relation
Rating cufves forssection controls such as a weir or flume conform to equation (1), and when plotted loggarithmically
the slope|wilk be"1,5 or greater depending on control shape, velocity of approach, and minor varigtions of the
coefficieny 6fydischarge. Logarithmic rating curves for most weir shapes will plot with a slope of 2 of greater. An

exception s the—sharp-crested Tectangutar weir, which plots—with—a stope—stightly greatertharm 157 Logarithmic
ratings for section controls in natural channels will almost always have a slope of 2 or greater. This characteristic
slope of 2 or greater for most section controls allows the analyst to identify easily the existence of section control
conditions simply by plotting discharge versus effective depth, (h-€), on logarithmic plotting paper.

Rating curves for channel controls, on the other hand, are governed by equation (2) or (3), and when plotted as
effective depth versus discharge the slope will usually be between 1,5 and 2. Variations in the slope of the rating
when channel control exists are the result of changes in rugosity and friction slope as depth changes.

The above discussion applies to control sections of regular shape (triangular, trapezoidal, parabolic, etc.). When a
significant change in shape occurs, such as a trapezoidal section control with a small V-notch for extreme low
water, there will be a change in the rating curve slope at the point where the control shape changes. Likewise, when
the control changes from section control to channel control, the logarithmic plot will show a change in slope. These
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changes are usually defined by short curved segments of the rating, referred to as transitions. This kind of
knowledge about the plotting characteristics of a rating curve is extremely valuable in the calibration and
maintenance of the rating, and in later analysis of shifting control conditions. By knowing the kind of control (section
or channel), and the shape of the control, the analyst can more precisely define the correct hydraulic shape of the
rating curve. In addition, these kinds of information allow the analyst to extrapolate accurately a rating curve, or
conversely, know when extrapolation is likely to lead to significant errors

Figure 2 gives examples of a hypothetical rating curve showing the logarithmic plotting characteristics for channel
and section controls, and for cross-section shape changes. Insert A in figure 2 shows a trapezoidal channel with no
flood plain and with channel control conditions. The corresponding logarithmic plot of the rating curve, when plot ted
with an effective gauge height of zero flow (€) that results in a straight fine rating, has a slope less than 2. In insert B
a flood plain has been added WhICh is also channel control ThIS is a change to the shape of the control Cross-
section, andrres - S - 5 DPetr-Se nt (above
the transitiof curve) were replotted to the correct value of effectlve gauge helght of zero flow, it too woyld have a
slope less than 2. In the third plot, insert C, a section control for low flow has been added. This results’in|a change
in rating curye shape because of the change in control. For the low water part of the rating, the slope will psually be
greater than|2.

Figure 3 is 4 logarithmic plot of an actual rating curve, using the measurements shown in.table 1. This rating is for a
real stream here section control exists throughout the range of flow, including the high flow measurenjents. The
effective gayge height of zero flow (e) for this stream is 0,6 metres, which is subtracted-from the gauge helight of the
measurements to define the effective depth of flow at the control. The slope of the‘rating below 1,4 m is pbout 4,3,
which is grepter than 2 and conforms to a section control. Abovel,5 m, the slopg is 2,8, which also conforms to a
section contfol. The change in slope of the rating above about 1,5 m is caused by a change in the shape of the
control crosg-section. Below about 1,4 m the control section is essentiallyyatriangular shape. In the rangg of 1,4 to
1,5 m the cqgntrol shape is changing to trapezoidal, resulting in the transition curve of the rating. And abpve about
1,5 m the control cross-section is basically trapezoidal.

The examplégs of figures 2 and 3 are intended to illustrate some«af the principals of logarithmic plotting. The analyst
should try td use these principals to the best extent possiblesbut should always be aware that there arg probably
exceptions gnd differences that occur at some sites.

Channel shape Rating shape
\ /
¥ | Channel control
< | rating 1
Channel coptrol =
(no flood pjain, S 2
no section fontrol)
Log @

\ /

Flood plain / Flood plain Fafi?/
‘ Transition curve

Channel confrol
rating 1

Flood plain

Channel control
(no section
control)

Log(h-e)

Log @
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Channel confrol 1 Transition curve
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) -2 Transition curve
Section control
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Figure 2 — Relation of channel and control properties to rating curve shape
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NOTE — |Numbers indicated against plotted observations refer to ID numbers given in table 1.

I:igllrn 3| ngnrifhmir‘ plnf of :fngn-di:rhnrgn relation

6.2.4.1 Gauge height of zero flow

The actual gauge height of zero flow is the gauge height of the lowest point in the control cross-section for a section
control [sometimes referred to as the cease-to-flow (CTF) value]. For natural channels, this value can sometimes be
measured in the field by measuring the depth of flow at the deepest place in the control section, and subtracting this
depth and the velocity head from the gauge height at the time of measurement.

The effective gauge height of zero flow is a value that, when subtracted from the mean gauge heights of the
discharge measurements, will cause the logarithmic rating curve to plot as a straight fine. For regular shaped
section controls, the effective gauge height of zero flow will be nearly the same as the actual gauge height of zero
flow. For irregular shaped controls, the effective gauge height of zero flow is greater than the actual gauge height of
zero flow. At points where the control shape changes significantly, or where the control changes from section
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control to channel control, the effective gauge height of zero flow will usually change. This results in a need to
analyze rating curves in segments (separate logarithmic plots for each control condition) to properly define the
correct hydraulic shape for each control condition. The gauge height minus the effective gauge height of zero flow is
the effective depth of flow on the control.

The effective gauge height of zero flow should be determined for each rating curve segment. For regular shaped
controls, this value will be close to the actual gauge height of zero flow. For most controls, however, a more exact
determination can be made by a trial-and-error method of plotting. A value is assumed, and measurements are
potted based on this assumed value. If the resulting curve shape is concave upward, then a somewhat larger value
for the effective gauge height of zero flow should be used. A somewhat smaller value should be used if the curve
plots concave downward. Usually only a few trials are needed to find a value that results in a straight fine for the
rating curve segment. The effective gauge height of zero flow is sometimes referred to as the logarithmic scale

offset.
6.2.4.2 Logarithmic equation
The equation for a straight line rating curve on logarithmic plotting paper is:
Q=p(htep 4)
where
(h — e) ig the effective depth of water on the control,
h is th¢ gauge height of the water surface,
is the| effective gauge height of zero flow,
B is the|slope of the rating curve, and
is a fonstant that is numerically equal to the discharge when the effective depth of flow |[(h —e) is
equalfto 1.
6.3 Curvefitting
6.3.1 General
The curve fifting process for stage-discharge relations includes the actual drawing, positioning, and shaping of the
rating. Hydraulic analysis and mathematical fitting can be used to aid in the curve fitting process, but in the final
analysis, the stage-discharge relation“must conform to the calibration measurements. On the other [hand, the
analyst must realize that the rating.should be hydraulically correct, and that every calibration measurement does not
necessarily fit on the same rating curve because of shifting control conditions that sometimes occur. The curve
fitting procegs should resultdnyedrve shapes that conform to control changes, as described in previous clalises.
6.3.2 Graphical curves
Graphical cyrves are those that are drawn with the aid of drawing instruments such as straight edgeg and pre-
shaped plasti¢-curves. The analyst first plots the calibration measurements, determines which of these should be on

the rating curve, and then Tits a curve or straightedge to the measurements by eye to produce a smooth curve with
as little variation from the measurements as possible. The analyst should always consider all available information
about the control and the actual gauge height of zero flow in order to give proper consideration to transition curves
and other changes in the shape and slope of the rating curve. Graphical fitting of rating curves is aided considerably
if plotting is performed on logarithmic plotting paper and careful choice of effective gauge height of zero flow is
made. In so doing, it is usually possible to define segments of rating curves by a straight fine rather than a curved
line.

6.3.3 Hydraulic equation curves

The shape of stage-discharge relations can sometimes be defined through the use of hydraulic equations, namely
equations (1), (2) and (3). Where section control exists, the weir equation (1) can be used to compute rating curve
points. Coefficients of discharge, C , are defined in other International Standards for certain types of weirs and
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flumes, so that a reasonably accurate rating curve can be computed that will conform to correct hydraulics. For
natural section controls, such as a rock outcrop or sand bar, the coefficient of discharge can be estimated on the
basis of calibration measurements. Widths and depths can be determined from a surveyed cross-section of the
control section.

For segments of the rating curve that are influenced by channel control, the shape of the rating can be defined
through the use of equation (2) or (3). An average or typical cross-section in the control reach is surveyed to define
the channel characteristics of cross-section area and hydraulic radius. The Manning rugosity, n, or the Chezy C is
estimated from field observations. The friction slope is estimated from channel surveys, maps, or calibration
measurements. Equation (2) or (3) can then be used to compute discharge for a few selected gauge heights to
define the shape of the rating curve. This is a simplified procedure which assumes steady, uniform flow. More
complex situations involving non-uniform flow can be analyzed with various techniques of backwater curve

computati
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Llic shape of the rating. The correct position of the rating is defined by the calibration measur
can also be used to aid in determining when measurements define a new rating position, sud
of a shifting control.

thematical rating curves

g stations where the control is stable with little or no shifting, the stage-discharge relation ca
matical computations, such as regression analysis. Care shauld be taken, however, be

measurements used for regression are not all part of the same rating curve, then the regre
e a rating that is not hydraulically correct. Such a rating canead to erroneous results when
he purpose of computing daily discharges.

efined by regression analysis should not be used through transition segments or through seg

are affected by changes in control shape. Secand- or third-order polynomials might be usg
nges in rating shapes. The analyst should use @are, however, to be sure the rating shape is
e.
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hy consist of two section eontrols, each of which controls a segment of the rating curve. Fo
section may control extreme low flows, but at higher flows a different cross-section located
ock riffle may cause-submergence of the rock riffle and become the controlling section for m
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mpound, or
pn, controls\of this type requires separate logarithmic plots for each segment of the rating in order to
segments.as straight lines, and properly compute the rating curve slope. When analyzed in [this manner,
curve slope for each segment will be greater than 2.

A compound-rating may also be a combination of section control for low flows and channel control far medium or
high flows. This has been discussed to some extent in previous clauses. Graphical analysis usually requires that
separate plots be made for the section control segment and the channel control segment. A transition curve
between the two segments will represent the range of flow where there is partial control from both the section and
channel controls. The slope of the section control segment should be greater than 2, and the channel control
segment less than 2, when analyzed in this manner.

6.5 Stable stage-discharge relations
A stable stage-discharge relation is one that does not vary, or change positions, over a period of time. Such a

relation results from stable channel and control conditions, which for natural channels is a relative term. Virtually all
natural channels are subject to at least occasional change as a result of scour, deposition, or growth of vegetation.
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For stable channels and controls, the stage-discharge relation can usually be defined easily by fitting a curve to the
calibration measurements as described in previous clauses. The example shown in figure 3 represents a stable
stage-discharge relation because the control is a natural section of rock outcropping that is not subject to change.
Shifts of this rating can occur, however, because of debris that might accumulate on the control.

6.6 Unstable stage-discharge relations

Unstable stage-discharge relations are defined as those that shift and change positions frequently. Channel
geometry and friction properties, and hence the control characteristics, vary continuously as a function of time, and
so also does the stage-discharge relation. These conditions are most evident during floods and during periods when
ice or vegetative growth occur. Channel scour and deposition may be a frequent occurrence in some channels due
to the naturgofthebed—and—tarmkmaterats,thuscausmy—shiftsof therating—tikewrse,weeds,treesjand other
vegetation may affect the relation between stage and discharge during certain times of the year.

It is usually nhot possible to define all changes of the rating with discharge measurements for unstable chgnnels and
controls. Shifting control techniques should then be used to estimate the position of the rating-during perigds of time
between mepsurements. These techniques are described in a subsequent clause.

For some gduging stations where unstable channel conditions exist, it is sometimes-advisable to install a weir or
flume, if pragticable, to stabilize the rating. In other cases, if the rating is unstable heeause of variable batkwater, a
twin-gauge pystem might be used. This method is described briefly in a subsequent clause, and in detail in
ISO/TR 912B. Another possible way of defining the rating where variable backwater exists is to use| an index
velocity gayge in conjunction with the stage gauge. Two types of index velocity gauge can be used, the
electromagngtic type and the ultrasonic type. These are described in detaibin’'ISO 9213 and 6416.

6.7 Shifting controls

Shifting controls occur when channel conditions are unstable;ias described in previous clauses. When thig condition
exists, discharge measurements made at different times_represent different positions of the rating curve| Frequent
discharge measurements should be made during a period of shifting control to define the stage-discharge relation,
or magnitude of shifts, during that period. However,~even with infrequent discharge measurements the stage-
discharge rdlation can be estimated with reasonably good accuracy if the few available discharge meagurements
are supplemented with a knowledge of shifting{control behaviour.

Minor deviatjons of discharge measurements may result from minor random fluctuations resulting from the dynamic
force of moying water. Also, it is recognized that discharge measurements are not error-free. Consequently, an
average rating curve drawn in such a.way that the discharge measurements are evenly balanced about|the curve
may result il a more accurate determination of discharge than any single measurement. If a group of cgnsecutive
discharge mpasurements subseduently plot to the right or left of the rating curve, it is usually clear that a ghift in the
rating has ofcurred. On the-gther hand, if a single discharge measurement departs significantly from the rating, it
may not be |clear whether)this represents a shift or some unexplained error in the discharge measurement. The
analyst must ultimatelySbe the judge as to whether or not a measurement or group of measurements define a
control shift| Such rating changes may be highlighted by plotting the deviation of each gauging from ap average
rating curvg versus. time. The deviations may be expressed as either percentages, stage diffefences or
standardized reSiduals.

When discharge measurements indicate a shift of the rafing curve, the analyst may determine If the shift is a
temporary condition, or if it may be permanent. If the shift is expected to last for several months or longer it may be
best to draw a new rating curve. If the shift is a temporary condition that may change again soon, then it is best to
handle the shifting control condition by drawing a temporary shift curve to define discharge during the time of shift
and until new information indicates another shift of the rating. Experience and knowledge of each control is the best
way of knowing whether rating shifts are temporary or permanent.

Shift curves are usually shaped similar to the original rating curve. That is why it is important to have the original, or
base, rating curve shaped correctly as defined by the hydraulics of the stream channel. Scour or deposition of a
natural section control results in a change in the actual and effective gauge height of zero flow. This frequently
results in a shift curve that is parallel to the original rating curve when plotted on arithmetic plotting paper. That is,
the difference in gauge height between the original rating and the shift curve is equal through a range in stage
controlled by the section control. This same shift curve, if plotted on logarithmic plotting paper, will be concave
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upward and above the original rating for a deposition condition, and concave downward and below the original
rating for a scour condition. If a determination of the actual gauge height of zero flow was made at the time of the
discharge measurement, then this is equivalent to having a second discharge measurement which can greatly help
in defining the shift curve position and shape.

Shift curves for section controls tend to be asymptotic to the original rating at the higher stages of section control.
This is usually a good place to merge a shift curve with the base rating, because shifts that apply to a section
control probably do not apply to the channel control, or they may become so small relative to channel control
discharges that percentage-wise they are insignificant. The transition curve between section control and channel
control ratings is a good place to merge shift curves and base ratings if it is determined that a shift of one does not
apply to the other.

Channel scetr—depositon—ant th—are—tstaty at when—ehanretepntrol exists.
Scour uspally d deposition occurs during stream recessions. Fhis|is an over-
simplification, however, because the process of sediment transport is complex and in reality cannot |be analyzed

easily. In fact, for some stream reaches, scour and deposition may be occurring simultaneouslyat diflerent places
in the ch@nnel control reach. Discharge measurements are very important for defining shiftcurves |during flood
conditiong if shifting control is likely to occur.

When se
usually be

eral discharge measurements made over a period of time appear to lie.on the same shift curve, it is
st to draw an average shift curve to use during the period of the measurements. This averagde shift curve
is probably more accurate than any one of the individual measurements. The analyst should carefully determine,
however, [that the average shift curve is logical and hydraulically accurate. &) shift curve that departq significantly
from correct hydraulic conditions will lead to erroneous determinations of discharge during periods when discharge
measurements are not available.
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rélation. Previously clauses have discussed shifts of the control. This clause discusses

conditions of

variable backwater which may cause submergence, or partial submergence, of a control and result in stage-

discharge

relations that require more complex analysis.

Variable backwater may result from downstream influences such as reservoirs or tributary streams, from ice effect
or from dynamic conditions known as hysteresis. Each of these is discussed in subsequent clauses.

6.8.2 Downstream backwater influences

Downstream conditions may occasionally exist such that water levels downstream from a channel control reach or a
section control may rise sufficiently to submerge partially the control. When this happens the control will no longer
be fully effective in defining the stage-discharge relation. A downstream reservoir can cause this to happen if it fills
enough to submerge the control. Likewise, a tributary stream that enters below or within the control reach might
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cause variable backwater effects when that tributary is flowing sufficiently to submerge the control. Beaver dams or
other obstructions in the channel downstream from the control may cause some degree of submergence and
thereby invalidate the stage-discharge relation.

For some conditions of downstream backwater, particularly if it is of short duration and occurs very infrequently, it
may be easiest and best to analyze the discharge record using shifting control methods. Sometimes the extent and
magnitude of the backwater can be determined by examining a graphical plot of the stage record and estimating the
non-backwater stage during the period of backwater.

For variable backwater conditions that are significant and persist for long periods of time, other measures are
required to analyze the discharge record. One approach is to establish two gauges, a base gauge at the primary
site at which the discharge record is needed, and an auxiliary gauge usually located some distance downstream
from the bage gatge: For—some—streams—the ou.ux;:ialy gatge—may be—ocated Hpstream; btt-this—ts—ot Usua”y
recommended if a suitable downstream site is available. Through the use of calibration measurements.for|the range
of backwatef conditions, a rating curve that relates discharge to gauge height at the base gauge, and\water surface
fall between|the base gauge and the auxiliary gauge, can be defined. This type of rating is referred to ap a stage-
fall-dischargg relation, and can be used to compute accurately discharge from the simultaneous records ¢f stage at
the two gauges. Details for defining stage-fall-discharge relations are given in ISO/TR 9123.

Another approach for defining discharge in reaches where variable backwater exists is through the use of
mathematical models of one-dimensional unsteady flow conditions. This is an emerging’technology that utilizes high
speed computers. As in stage-fall-discharge relations, two gauges in a reach are‘required. In addition, s$urveys of
several crosg-sections along with estimates of channel rugosity are needed. Several discharge measurements are
needed to calibrate the model.

A third methpd to define discharge in streams affected by variable backwater is through the use of one stage gauge
and an auxiliary gauge of index velocity. Index velocity may be determined by a vane assembly suspenfed in the
stream to reford vane deflection caused by stream velocity, by ancelectromagnetic meter that measures yelocity by
electric current induction caused by a conductor (water) moving through a magnetic field, or by ultrasoni¢ methods
that measure velocity on the basis of differences in soundypropagation in the upstream/downstream |directions
through a ddfined stream reach. With the advent of electroni¢ methods, such as the electromagnetic and|ultrasonic
methods, th¢ vane gauge method is not commonly used-today. The details of the electromagnetic and |ultrasonic
methods of @quipment installation, maintenance, and rating calibration are given in ISO 6416 and ISO 9218, and are
not discussegd further in this document.

6.8.3 Ice effects

The formatipn of ice in stream channégls,'or on section controls affects the stage-discharge relation by causing
backwater that varies with the quantity and nature of the ice, as well as with the discharge. Because of the| variability
of the backwater effect, discharge measurements should be made as frequently as possible when the|stream is
under ice cqver, particularly dufing periods of freeze-up and thaw when flow is highly variable. In midwinter the
frequency off measurements withdepend on climate, accessibility, size of stream, and winter runoff charactgristics.

Where templeratures are.Severe, streams will form an ice cover at the beginning of winter and undergo|a general
recession in| flow until the start of the spring freshet. The ice effect on the stage-discharge relation is primarily a
function of fhe ice“regime and ice thickness with the accuracy of discharge computation largely depgndent on
discharge mpasudreément timing and frequency.

One or more © fon of daily
discharge under ice cover at a particular gauging site. Several of the methods should be tested and the one which
produces a result in best agreement with information available from other sources be selected as the standard
method for the gauging station. For more details on the measurement of discharge during periods of ice, see
ISO 9196.

6.8.3.1 Equivalent gauge height method

Equivalent gauge heights are computed for each discharge measurement using the open-water rating curve. These
equivalent gauge heights are then plotted on a hydrograph of daily mean gauge heights, and a hydrograph of
equivalent gauge heights is interpolated between discharge measurements using the stage hydrograph as a guide.
Daily discharges are then computed using the equivalent gauge heights and the open-water rating curve.
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6.8.3.2 Backwater method

The difference between the effective gauge height and the recorded gauge height is defined as backwater, and is
computed for each discharge measurement. Backwater values are interpolated between discharge measurements
using air temperature, ice thickness, or other hydrologic information as a guide. Effective gauge heights can then be
computed by subtracting the backwater values from the recorded gauge heights. Daily discharge is computed by
using the effective gauge heights and the open-water rating curve.

Various modifications of the effective gauge height method and the backwater method can be used to compute daily
discharge.

6.8.3.3 Adjusted discharge method

Open-waﬂar discharge values are computed using the recorded gauge heights and the open-water rating curve, and
je hydrograph is prepared. The discharge measurement results are plotted on this hydrograph and a

a dischar

hydrogragh of daily discharges is interpolated between discharge measurements using the open<water discharge
hydrogragh as a guide. Daily mean discharges can then be determined directly from the hydrégraph.

6.8.3.4 Direct-discharge interpolation method

Daily megn discharges can be determined by direct interpolation between discharge) measurements, ysually linear

or log-lingar, during periods when it is believed that discharge changes areZfairly uniform. The
procedurg can be modified at times when the air temperature and stage records indicate significant ¢
ISO 9196 (for additional detail.

interpolation
nanges. See

6.8.3.5 Recession curve method

Large strpams, particularly those that have significant storage.-Characteristics, may exhibit typicpl recession
characteristics between the time of ice formation and the.break-up of ice cover. By defining semilogarithmic
recession|charcteristics from a number of discharge measurements, it is sometimes possible to use the recession
curve duiing other ice-affected periods when only oneser two discharge measurements are available. Typical
recession| curves of this kind can be used from year to year without the necessity of frequemt discharge
measurements. Daily discharges can be determined directly from the recession curve for periofls when no
dischargelmeasurements are available.

6.8.3.6 Winter rating curves

Some strg
it is possi
discharge

ams, particularly large ones,‘may have winter ice regimes that are so consistent from winter
ble to develop a winter stage-discharge relation. Once the existence of such a curve has bes
measurements, daily diseharges can be computed from the winter rating curve using rec

o winter that
n verified by
brded gauge

heights.

6.8.4 Hypteresis effect;)orloop ratings

The stags
discharge

-discharge relation for a gauging station gives the value of the normal discharge, that is thq

for a’given stage. The discharge for a particular stage may, for some streams, be gres
normal discharge during rising stages, and less than normal during falling stages. This effect is known as
hysteresig, “or loop rating. It is most pronounced for mild sloped streams where dynamic flow cgnditions are
imposed, such as stream reaches downstream from a dam during periods of hydropower generation, or stream
reaches in urban areas where runoff is accelerated because of impervious surfaces and other drainage
improvements.

steady-flow
ter than the

For gauging sites where the hysteresis effect is severe, instantaneous values of discharge determined from the
steady-state rating curve can be significantly different from the true discharge. For these sites it may be necessary
to use auxiliary equipment to supplement the gauge height record in order to determine discharges accurately. A
twin-gauge approach utilizing the stage-fall-discharge relation can be used as described in 6.8.2 (see also
ISO/TR 9123). Or a twin-gauge approach using an unsteady flow model, as described in 6.8.2, might be used. In
other situations it might be feasible to use a velocity index relation, as described in 6.8.2, to compute discharge. All
of these methods require additional equipment and therefore are more expensive to install and operate than the
single-gauge approach.
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If the hysteresis effect is not severe, but of sufficient magnitude as to need correction, it may be possible to use a
single-gauge record of stage in conjunction with the rate-of-change in stage to compute discharge. For certain
conditions, it is possible to compute the true discharge, Q, of an unsteady flow from the steady-state discharge, Q,,
by using the following equation:

®)

S0 is the water surface slope corresponding to steady, non-uniform flow,

vy, Is thevetotity of ftoodwave,

% is the

pm time rate of change of stage.
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6.8.5 Tidal

0, may be determined from observation of gauges during conditions of steady,flow. Alternativi
ately computed from Manning's or Chezy's equation.

hange of stage, dh/dt, may be obtained from the recorded observations-of stage at the gauge
locity, wy, is given by the equation,

Q_1 dQ
dA B dh

e cross-sectional area,

e surface width at the cross-section, and
be approximated from the stage-discharge relation.

onditions are valid when the rise and fall of the stream is gradual, that is, where the rate of
e acceleration head can be' neglected. Likewise, velocity should not be great, so that velocity,
glected. When a sufficient number of discharge measurements are available, it may be p
auging site with a family of curves by evaluating the term 1/S,v, as a single parameter.
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easurements undertaken in coastal rivers affected by ocean tides will exhibit a diurnal |

bly, it may
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change in
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ossible to
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ﬁ]ieasurements undertaken in these zones shall be completed quickly. More recently,

measuremept methods have proven satisfactory.

6.9 Extrapolation of the stage-discharge relation

A stage-discharge relation should not be applied outside the range of discharge measurements upon which it is
based. If estimates of flow, however, are required outside the range, it may be necessary to make an extrapolation
of the rating curve. Such extrapolations, either above the highest measurement or below the lowest measurement,
should be made with care and through the use of methods that help to define the shape and position of the
extrapolated part of the curve. Before making any kind of rating extrapolation, the channel and control should be
carefully examined for some distance downstream and upstream of the gauge. Flow obstructions, contractions,
expansions, debris, channel shape changes, and other conditions should be noted. If abnormal channel conditions
exist that cannot be accounted for in the rating analysis, then a rating extrapolation should not be made.
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The simplest method for extrapolating a rating curve is by logarithmic plotting. To use this method correctly, the
analyst should have a good understanding of the control conditions and logarithmic plotting methods. Otherwise,
this method could lead to large errors. The part of the rating curve requiring extrapolation should be plotted with the
effective gauge height scale chosen so that the rating plots as a straight line. In addition, the analyst must have
knowledge of the type of control (section or channel), and the shape of the control through the range of
extrapolation. If the control shape does not change significantly and the channel rugosity remains fairly constant,
then a straight-line extrapolation on the logarithmic plot is reasonable. A logarithmic extrapolation of this type is
particularly suited to channel control conditions for medium and high flows, but should probably never be used to
extrapolate more than about 1,5 times the highest measured discharge. Special care is needed when extrapolating
below the lowest discharge measurement. For very low flows, when section control exists, it is very important to
know the shape of the control and the gauge height of zero flow. Sometimes it is best to plot the rating curve on
arithmetic plotting paper so that the gauge height of zero flow can be plotted, especially if the rating must be

eXtrapOlafEd to-zero d;ouhalyc.
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The velodity-area method is also Sometimes used to extrapolate a rating curve. This method requires
of a stage-area relation from-@ survey of the cross-section at the gauge, and the definition of a s
relation which must be estimated in the range of stage where the extrapolation is needed. The g
relation can be defined-accurately in the range where discharge measurements are available, but is us
to estimate accuratelysin the range above the highest measurements. For this reason, the velocity-arg

not considered as.good as the method described above using the Manning or Chezy equation.

f the above
defined with

It is recommended that, whenever possible, extrapolations should be made using two or more d
described/methods. Results can then be compared and the extrapolated part of the rating curve can be
added confidence.

6.10 Rating tables

A rating table can be prepared directly from the stage-discharge relation or from the equation(s) of the curve(s),
showing the discharges corresponding to stages in ascending order, and at intervals suited to the desired degree of
interpolation. This can be conveniently performed by a computer program using the stage-discharge relation.
However, it may be useful to program the data for computer evaluation using the stage-discharge equations without
resorting to a rating table.
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7 Methods of testing stage-discharge relations

A stage-discharge relation should be checked periodically by making check discharge measurements. The period of
time between check measurements will vary depending on several factors, including relative stability of the rating
curve, hydrologic events such as floods that might affect the rating curve, and other indications that the rating curve
may have changed. During certain periods, such as floods or extreme drought, it is desirable to obtain additional
check measurements to reduce the need for rating curve extrapolations and to define effects of backwater or
hysteresis if they are present. Also, when a discharge measurement deviates significantly from the rating curve or
from previous discharge measurements, then another check measurement should be made immediately to either
confirm or refuse the accuracy of the first discharge measurement.

Generally, when a check discharge measurement plots within a small percentage of the rating curve, it is assumed

that the rati
percentage
accuracy of
If, for instang
be employed

1y vurve Qtl:: G}J}J:ICQ Clll\’.:ll "y bUIICbt;UII ;D |||adc UIthCI ;II thc fUIIII Uf A Dhlft Ul A TICVW 1
hat a measurement may deviate from the rating without applying a correction is usually-bag
he discharge measurement. See ISO 748 for a description of computing discharge measuren
e, most discharge measurements are made to = 5 % accuracy, then shifting control technigu
unless a check measurement plots further than 5 % from the rating curve.

In some co
measureme

deviations from the rating curve, then a shift curve is defined or a new rating is defined. Standard devi
usually defined separately for each segment of a rating curve.

A bias check is also performed in some cases to define periods when the rating may be shifted even tho
measuremets are within the specified accuracy of discharge measurement error, or within the standard

for the rating
the same sid

When testin

measuremeits plot as they do. Without this understanding, the analyst might incorrectly apply and interp,

statistical te
characteristi
relations are|

8 Uncert:
8.1 Genel
The theory §
monthly me
uncertainty
given in this

The statistic

Lintries, a statistical analysis is made of the rating curve to define the ,standard deviati
ts from the mean rating curve. When one or more measurements indicate a deviation of 2

curve. For instance, two or more measurements may plot:within 5 % of the rating curve, but
e of the rating curve. Various statistical tests may be used’to test for bias.

j and checking stage-discharge relations, it is very. important that the analyst understand
sts. The analyst should always consider :what has been happening to the controllir

s and make decisions on this basis rather-than arbitrarily using statistical results. Stage
hydraulic functions, not statistical, and sheuld be analyzed accordingly.

hinty in the stage-discharge relation
al

nd statistical equations-for estimating the uncertainties in the stage-discharge relation and d

ting. The
ed on the
hent error.
es will not

on of the
standard
ations are

igh check
deviation
are all on

5 why the
et certain
g stream
discharge

pily mean,

an, and annual ¢qnean discharges are given in Annex A. Numerical examples of estinpating the

pf the stage-discharge relation and the daily mean discharge, using the procedures in Anr
clause.

Al analysisy as described in Annex A, considers each segment of the rating curve separatel

inflection po

demonstratirrg these computations.

nts,.orbetween transition curves. One segment of a rating curve, as shown in table 2, is used

ex A, are

between
herein for

8.2 Example of uncertainty calculations for individual gaugings

The standard error of estimate, s,, of individual gaugings can be computed from the equation given in A.2.3 in

Annex A. Su

bstituting into this equation from table 2, the standard error of estimate, s, is calculated as:

S = [(0,02999/(32 — 2)]05 = 0,03162

When the number of observations is large, then the Student's t value used in the calculation of the 95 % confidence
limit may be taken as 2. Thus, the uncertainty of the distribution of the points about the fitted line, 0,95s¢ in percent,
is defined as:

0,955 = 25 X 100 ©)
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Therefore, using the value of s, calculated above, the uncertainty of the rating curve segment, in percent, is
0,955 =2 X 0,03162 X 100 =6,3 %

This equation defines two parallel straight lines on either side of the rating curve segment, and at a distance 2sg
from it. In other words, 95 % of the observations, on average, will be contained within these limits (6,3 %).

For those instances where the dispersion about the fitted line is not considered small, the random percent
uncertainty, 2smyy, for individual values of In Q¢ at any stage, In(h — €), can be calculated from the equation given in
A.2.4 in Annex A.

Substituting the values for observation number 1 in table 2 gives the following:

05
25}, =£2(0,03162) i+% x100
32 2792422

= +1,98 % (rounded to 2,0 % in table 2).

Similar cdmputations were made for each observation in table 2, and the percent uncertainty is shown in the last
column. Tlhese uncertainties can be plotted on either side of the stage-discharge curve for each observed value of
(h —e). Sych a plot will show the symmetrical limits of the 95 % uncertainty. The-minimum width of these limits will
occur at the mean value of In(h — €).
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Table 2 — Tabulated values required to calculate s and Sy

Obs No. | - =h0"1815) easred | ReDS . nO-9 | x-%* | hQ=y | Q=Y | (-¥P 28
1 0,157 2,463 2,323 -1,85151( 1,86225 0,901 38 | 0,842 86 0,003 42 2,0
2 0,158 2,325 2,345 —-1,84516| 1,844 96 0,843 72 0,852 29 0,000 07 2,0
3 0,188 2,923 3,060 -1,67131( 1,402 92 1,072 61 1,118 41 0,002 10 1,8
4 0,192 3,242 3,160 —-1,65026| 1,35349 1,176 19 1,150 57 0,000 66 1,8
5 0,219 3,841 3,865 -1,518 68| 1,064 65 1,345 73 1,351 96 0,000 04 1,7
6 0,259 4,995 4,996 -1,35093| 0,746 60 1,608 44 1,608 64 0,000 00 1,5
7 0,278 5,410 5,568 -1,280 13| 0,629 28 1,688 25 1,717 04 | 0,000 83 15
8 0,279 5,422 5,598 —-1,276 54| 0,623 59 1,690 46 1,722 41 0,001'02 1,5
9 0,287 5,883 5,846 —1,248 27| 0,579 74 1,772 07 1,765 76 07000 04 1,4
10 0,295 6,154 6,097 -1,22078| 0,538 63 1,817 10 1,807 80 0,000 09 1,4
11 0,348 7,376 7,851 —-1,05555( 0,32341 1,998 23 2,06064 *( 0,003 89 1.3
12 0,405 9,832 9,902 -0,90387| 0,173 89 2,285 64 2,292 74 0,000 05 1,2
13 0,433 11,321 10,968 -0,83702( 0,122 61 2,426 66 2,394 98 0,001 00 1,2
14 0,461 12,372 12,072 -0,774 36| 0,082 65 2,51544 2,490 89 0,000 60 1,2
15 0,465 11,825 12,233 -0,76572| 0,077 76 2,470,22 2,504 14 | 0,001 15 1,2
16 0,501 13,826 13,711 -0,69115| 0,041 73 2,626 55 2,618 20 0,000 07 11
17 0,511 14,102 14,132 -0,67139( 0,034 05 2,646 32 2,648 44 | 0,000 00 11
18 0,606 19,020 18,345 - 0,500 88| 0,000:20 2,945 49 2,909 36 0,001 31 11
19 0,624 19,970 19,185 - 0,471 60| 0,000 23 2,994 23 2,954 13 0,001 61 11
20 0,632 20,280 19,563 — 0,458 87+ 0,000 78 3,009 64 2,973 64 0,001 30 11
21 0,681 21,204 21,931 —-0,384'19( 0,010 54 3,054 19 3,08790 | 0,001 14 11
22 0,731 23,996 24,442 -0,313 34| 0,030 11 3,177 89 3,196 30 0,000 34 11
23 0,926 36,242 35,098 =0,076 88 | 0,168 09 3,590 22 3,558 14 | 0,001 03 1,2
24 1,225 54,591 53,855 0,202 94 0,475 83 3,999 87 3,986 30 0,000 18 1,4
25 1,411 67,327 66,859 0,344 30 0,690 83 | 4,20956 | 4,202 59 0,000 05 15
26 1,646 79,050 84,631 0,498 35 0,970 65 4,370 08 4,438 30 0,004 65 1,6
27 1,895 110,783 104,989 0,639 22 1,268 07 | 4,707 57 | 4,653 86 0,002 89 1,8
28 2,517 162,814 162,095 0,923 07 1,987 91 5,092 61 5,088 18 0,000 02 2,0
29 3,150 227,600 228,478 1,147 40 2,670 83 5,427 59 5,431 44 | 0,000 01 2,3
30 3,165 228,800 230,145 1,152 15 2,686 38 5,432 85 5,438 71 0,000 03 2,3
31 3,191 228,500 233,044 1,160 33 2,713 27 5,431 54 5,451 23 0,000 39 2,3
32 3,225 236,600 236,854 117093 | 274830 | 546637 | 546744 | 000000 2,3

Sum —-15,579 70 27,924 22 0,029 99

Mean (X) — 0,486 87

Se 0,031 62
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