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FOREWORD

1SO (the Internaftional Organization for Standardization) is a worldwide federation
of national standards institutes (ISO Member Bodies). The work of developing
International Standards is carried out through ISO Technical Committees. Every
Member Body interested in a subject for which a Technical Committee has been set
up has the right|to be represented on that Committee. International organizations,
governmental angl non-governmental, in liaison with 1SO, also take part in the work.

Draft Internatiomal Standards adopted by the Technical Committees are circulated
to the Member| Bodies for approval before their acceptance as International
Standards by the 1SO Council.

Prior to 1972, the results of the work of the Technical Committees were published
as I1SO Recommendations; these documents are now in the process of/being
transformed int¢ International Standards. As part of this process, International
Standard 1SO 1100 replaces 1ISO Recommendation R 1100-1969, .drawn up by
Technical Committee ISO/TC 113, Measurement of liquid flow in_apen channels.

The Member Bodies of the following countries approved the Recommendation :

Australia Ireland South Africa, Rep. of
Belgium Israel Switzerland

Brazil ltaly Thailand

Chile Japan Turkey
Czechosloyakia Korea, Reprof United Kingdom
France Netherlands U.S.A.

Germany Portugal

India Romania

The Member Body of the>following country expressed disapproval of the
Recommendatiop on technical grounds :

Canada

© International Organization for Standardization, 1973 e

Printed in Switzerland
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INTERNATIONAL STANDARD

1ISO 1100-1973 (E)

Liquid flow measurement in open channels — Establishment
and operation of a gauging-station and determination of

the stage-discharge relation

1 SCOPE|AND FIELD OF APPLICATION

This International Standard specifies methods for the
continuoud measurement of water-level, the determination
of the stage-discharge relation by correlating water-levels to
discharges [and the compilation of records of flow at a
gauging-station. It also deals with the establishment and
operation ¢f the gauging-station on a river or open channel.

Single-discharge measurements may be made by any of the
accepted methods of measurement of liquid flow in open
channels in accordance with the relevant International
Standards.| This International Standard covers only such
additional [ requirements as are necessitated by its wider
scope.

Open channels have been grouped into stable and unstable
types as the characteristic stage-discharge curves of the two
are different.

This Interhational Standard does not cover cases such (as
those encountered

a) during floods when flow conditions are suddenly or
rapidly parying due to abrupt flood-waves;

b) dur|lng periods when flow/~gonditions are
significantly impeded by the formation or presence of
ice.

An Annex|is included covering‘design and practice to assist
compliancg with this Interpational Standard (Annex A); it
also gives| relevant statistical tests and procedures for
constructipn of stage-diseharge curves.

Further Ahnexes deal’with the correction for discharge in
unsteady flow,(Annex B) and the family of curves giving
the stage-diseharge relation (Annex C}.

1SO 1438, Liquid flow measurement in gperl channels using
thin-plate weir and venturi flumes. )
3 DEFINITIONS

For the purposes of this “International [Standard, the
definitions given in 1ISQ-772 apply.

4 UNITS OF MEASUREMENT

The unitsof/ measurement used in thi§ International

Standard are'seconds, and metres or feet.

5.(PRINCIPLE OF THE METHOD OF MEASUREMENT

The principle of the method is to establish a

unigue relation

between the discharge of a channel apd either the

water-level in the section of a stream or

he readings of

water-levels at each end of a reach. Knowledge of this
stage-discharge relation will enable the djscharge to be

determined by simple measurement of the |

evel, during the

operating period of the station.

To establish this relation, it is necessary to farry out at the
selected site a sufficient number of measufements of the
discharge and the corresponding stage simultaneously. Each
discharge measurement shall be made by one of the
accepted methods.

6 CHOICE OF SITE

6.1 Preliminary survey

A preliminary survey shall be made to gnsure that the
physical and hydraulic features of the| proposed site

2 REFERENCES

ISO 555, Liquid flow measurement in open channels
Dilution methods for measurement of steady flow
Constant-rate injection method.

ISO 748, Liquid flow measurement in open channels —
Velocity-area methods.

1SO 772, Liquid flow measurement in open channels —
Vocabulary and symbols.

1} At present at the stage of draft.

conform to the requirements for the application of the
methods of flow measurement which it is intended to use.

6.2 Selection of site

The site selected shall be such that it is possible to measure
the whole range and all types of flow which may be
encountered or which it is required to measure. The whole
range of measurement, referred to one reference gauge, may
be made at a single section, or, for certain ranges of
discharge, at two or more sections. Similarly, different
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methods of measurement may be employed for separate
parts of the range, the particular conditions relative to each
of the methods of measurement being specified in the
relevant {nternational Standards for the measurement of
liquid flow in open channels.1)

Either single- or twin-gauge stations may be employed,
depending upon conditions, but the former should be
preferred.

The operation of a single-gauge station depends upon the

7 DESIGN AND CONSTRUCTION OF A GAUGING-
STATION

7.1 General

A gauging-station consists of one or more natural or
artificial measuring cross-sections (weir or flume), and a
reference gauge.

In cases where a general system of river gauges is in

assumption that [the elevation of the free surface is a
substantially unique function of the discharge. In the case
of stations affectgd by hysteresis, the rise and fall shall be
calibrated separately by discharge measurement.

6.2.1 At a singleigauge station

a) It is desirable to select a site where the relationship
between stage| and discharge is substantially consistent
and stable. However, this may not be possible on all
alluvial rivers| For such rivers, the stage-discharge
relation is generally applicable only for the period for
which it has bden determined.

b) There shal| not be any variable backwater effect.

6.2.2 At any gauging-station (with single or twin gauges)

a) The site shall be sensitive, i.e. a significant change in
discharge, evdn for the lowest discharges, shall be
accompanied Hy

— a signifjcant change in stage in the case of a
single-gauge|station;

— a significant change in stage (at.one’or other of
the gauges)|and in fall (between, the/two gauges) in
the case of a twin-gauge station.

Otherwise, small errors in) ‘stage readings during
calibration in E non-sensitive-station can result in large
errors in the discharges indicated by the curve.

A comparison shdll (be made between the change in
discharge and| the, corresponding minimum change in

eXiStence, Tt s notabsotutety mecessary thvat the pggsition of

the measuring cross-section should coincide “with the
position of the gauge, provided that the discharge| is equal
in both places for all stages. In all other cases, it is 3dvisable
to install the gauge in, or very neat) to, thg chosen
cross-section.

Where a desirable site satisfies_some but not alfl of the
requirements stated in the relevant International Standards
dealing with single-discharde measurement?), and {n 6.2 of
this International Standard, it may be made to do so by
appropriate modifications (see Annex A). In gerferal this
will only be feasible for smaller rivers.

In the case of\a twin-gauge station, the length of §he reach
shall be~sufficient to make any observationpl error
negligible-'relative to the fall of level between [the two
gauges. Further, there shall be no additions|to the
discharge, or withdrawals from it, between the tw gauges.

7.2 Devices for measurement of stage

7.2.1 Reference gauge

The reference gauge shall be a vertical gauge or an| inciined
gauge. The markings shall be clear and sufficiently|accurate
for the purpose for which the measurements are fequired.
The lowest marking and the highest marking| on the
reference gauge shall be respectively below and apove the
lowest and highest anticipated water-levels.

The reference gauge shall be securely fixed to an immovable
and rigid support in the stream and shall be correlated to a
fixed bench-mark by precise levelling to the |national

stage to ensurethat the semsitivity of the station is
sufficient for the purpose for which the measurements
are required.

b) Sites where weed growth is prevalent shall be
avoided.

c} There shall be no vortices, dead water or other
abnormalities in flow.

d) Access to the site at all stages and at all times shall
be available as far as possible.

1) See ISO 555, 1SO 748, and I1SO 1438.

2

datum. It shall have a stilling arrangement, wherever
necessary, so that the water-level can be read accurately.

Where a continuous record of water-levels is required, a
water-level recorder shall be installed. It is essential,
however, to combine such a recorder always with a normal
river gauge, placed near the point of measurement of the
recorder. In other cases a normal river-gauge will suffice.

NOTE — When possible, an estimate of extreme values should be
made by statistical analysis. Care shall be taken to incorporate such

extreme values as may be required for the purpose of the station.
Possible deepening of the bed shall also be taken into account.
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7.2.1.1 VERTICAL GAUGE

This staff gauge shall be truly vertical. It shall be of such a
shape as not to cause any noticeable heading up of flow.

7.2.1.2 INCLINED GAUGE

The inclined gauge shall fit closely and be solidly anchored
to the slope of the natural bank of the water-course. {t may
be calibrated on the site by precise levelling.

ISO 1100-1973 (E)

e) The device for measuring the pressure shall be
sufficiently sensitive and accurate. In case a manometer
with a liquid stopper is used, the density of this liquid at
various temperatures shall be eventually taken into
account and the manufacturer shall indicate the value of
the errors.

7.2.2.3 REQUIREMENTS OF THE RECORDER

The recorder shall either provide a continuous graphical
record of the changing water-level or register the

water-levels digitally at suitably close intervals of time.

7.2.2 Continuous liquid-level recorder

This may fkonsist of a recorder operated by a float in a
stilling-well communicating with the channel or a
pneumatic [recorder or other device. It is essential, however,
to combing such a recorder always with a reference gauge,
placed neaf the point of measurement of the recorder. In
the case of| the float-actuated recorder, an additional gauge
shall be installed inside the float-well to serve as a check.

7221 STILLINGWELL

The stilling-well for the accommodation of the fioat of the
float-operated recorder shall meet the following
requiremeryts.

a) it shall be vertical and have sufficient height and
depth fo allow the float to rise and fall over the full
range o{ water-levels.

b) In yater-courses with widely fluctuating silt content
(i.e. depsities), inlet pipes shall be provided at yvartous
stages.

c) Joirts with any inlet pipe shall be watertight.

d) Thd dimensions of the inlet pipe(§) or of the channel
shall bd large enough for the water-level in the well to
foliow the rise and fall of stage/wjthout delay, and also
to prevdnt clogging due to sediment.

e) If the stage cannat™\bé read on the chart with
sufficient accuracy because of short-period wave effect,
a constfiction shall be fitted in the inlet pipe to damp
out oscillation.

7.2.2.2 THEPNEUMATIC RECORDER

The recorded results will depend directly\upgn the changing
water-levels. |f they are affected ,by) other phenomena
{(damping of the stilling-well of thefloat-opdrated recorder,

joss of head due to the gas flow(orthe liquid stopper of the
manometer, in a pneumaticyrecorder) the user must know

the effects so that he may-correct them if ne

In the case of a recordér/giving a graphical
sheet shall be positively located on the dr

Cessary.

thart, the chart
im. The scales

chosen for time/and-stage will depend on thq characteristics

of the river,@nd shall be such that readin
with a degree of accuracy sufficient to sho
phases of\the hydrograph.

) can be made
v the different

Anycmechanical linkage connecting parts gf the recorder

shall*be as short and direct as possible and t

here shall be no

contact between any moving part of the rpechanism and

any fixed part of the structure.

The clock mechanism shall maintain accuratg time.

The recorder shall be placed out of danger
be protected against the elements and i
unauthorized persons.

bf flooding and
nterference by

Precautions shall be taken against the occulfrence of errors

in records due to

a) lag of the stylus behind the moveme

ht of the float;

b) change in the submergence of the flojat in the water;

c) submergence of the counterweight an

7.3 Procedure for observation of gauges

The gauge shall be read from such a positio
parallax errors. The gauge shall be observe

H the float-line.

h as to avoid all
d continuously

a) This recorder measures the stage by means of the
pressure exerted on a take-off which is immersed and
solidly fixed at a known elevation.

b} The recorder shall have a source of compressed gas
(air or nitrogen) and a device for adjusting the air flow in
the form "'bubble to bubble”.

c) A device for driving away the gas shall be provided
to discharge the pressure take-off, if necessary.

d} The pipe connecting the manometer to the pressure
take-off shall have a length less than the limit fixed by
the manufacturer. It shall not have low points running
the risk of accumulating the condensates of the gas.

£ —— NP | F sl M o M
Ut A THITTITRATTY PUT ol UT 1Ty Ut LLILL=EN AL
oscillation, whichever is longer, and the
minimum readings taken and averaged.

8 SURVEY OF STATION —
MENTS

d of complete
maximum and

GENERAL REQUIRE-

After a gauging-station has been constructed, a definitive

survey shall be made.

The definitive survey shall include

the accurate

determination of the elevations and relative positions of
reference gauges and inlet zeros, the survey of inlet pipes or
channel inverts, base of stilling-well in the case of a

3
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float-operated recorder, the fixation of the pressure
take-off and tightness of the gas-pipes and of all parts under
pressure in the case of a pneumatic recorder, cross-section
markers and any other key points or significant features of
the site.

A periodic check, at least once a year, and on every
occasion the gauge is changed, shall also be made of the
elevations and relative positions taken at the time of the
definitive survey.

9.2 Construction of stage-discharge curve and rating table
9.2.1 Single-gauge station

9.2.1.1 STAGE-DISCHARGE
CHANNELS

CURVE -~ STABLE

Discharges shall be plotted as abscissae against the
corresponding stages as ordinates and the stage-discharge
curve shall be drawn smoothly through the points as
plotted. The stage used in plotting shall be the mean stage

9 CALIBRATION OF STATION

9.1 General

The object of a gauging-station is to obtain a knowledge of
the discharge of a river or open channel. Once the
stage-discharge clrve is available, the discharge will be
known by reading the gauge or recorder. The operations
necessary to obtain this relationship are called the
calibration (rating) of the station.

9.1.1 Measuremdnt of discharge for calibration (rating)

The discharge sh
relevant Internat
estimated on the

all be measured in accordance with the
onal Standards1). Errors may also be
pasis of those International Standards.

The survey of the site shall be carried out in greater detail

than in the case
attention shall be
channel that may

NOTES

1 Very few river

of single-discharge measurements. Special
given to the likelihood of changes in the
affect the stage-discharge curve.

have absolutely stable characteristics. The

calibration, therefore, cannot be carried out oncel and for all, but
has to be repeated gs frequently as required by the rate of change in

the stage-discharge
the stages which do
possible.

urve. It is recommended-that measurements at
not frequently occur should be made as often as

2 In the case of ap unstable river, Ahe'stage-discharge relationship

changes more freq
observations have t
during these periods

9.1.2 Notches,

hently, especially™ following floods. Discharge
herefore to/be made at more frequent intervals

ejrs and flumes

during the period of discharge measurement.

measurements suitably distributed throughout thp whole
range of water-levels, each preferably made at steadly stage.
The number of measurements to define the cyrve will
depend on the range to be covered, the shapd of the
stage-discharge curve and the desired accuracy (see A.5.3 of
Annex A).

The curve shall be defined by a sufficient nu:Fber of

The spacing of the measurements shall be closef at the
lower end of the range.and the drawing of the curve shall be
checked by one ©f \the methods described in Annex A.
Where observations’ are made at rising and falling stages,
they shall befindicated by suitable symbols, and thiere shall
be about thezsame number of each at corresponding steps in
order torestablish the suitable mean curve.

In, grder to have at least one measurement at or hear the
peak discharge, it is desirable to increase the freqyency of
measurements when the gradient of the hydrograph is
becoming significantly flatter at or near the peak.

9212 STAGE-DISCHARGE
CHANNELS

CURVE — UNYTABLE

In the case of unstable channels, the stage-discharge
relationship does not remain stable and frequent cHanges in
“control’’ occur during and after flood-periods. Al§o in the
case of unstable channels, the particular stage-qischarge
relations prevailing over the different periods are fequired
for the estimation of discharges from stage recordg for the
periods for which no discharge measurements are available.
The discharges for the water-year shall be pldtted as
abscissae against the corresponding stages as ordinptes and
each point labelled in chronological order. The lip of the

points shall be examined for shifts in control with rgference
to their r‘hrnnnlngir\nl order. Smooth curves shall He drawn

In the case of notches, weirs and flumes, the operation
recommended above would not normally be necessary
because the stage-discharge relationship may have been
determined by laboratory experiments. However, their
operation shall be checked periodically

a) by discharge measurements to ensure that the
assumed rating applied and that they actually account
for all the flow passing the section;

b) by direct measurement of dimensions to verify
stability.

1} See ISO 555, 1SO 748, and 1SO 1438.

4

separately for each period having no shift in control. Thus,
there may be more than one curve within the rising and
falling phases of the same water-year for an unstable
channel subject to silting and scouring.

9.2.1.3 METHODS OF TESTING STAGE-DISCHARGE
CURVES

The curves shall invariably express the stage-discharge
relation objectively and shall therefore be tested for
absence from bias and goodness of fit in the periods
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between shifts of control, and for the shifts in control.
Methods for locating shifts in control in the stage-discharge
curves due either to physical changes in the channel
features or to changes occurring in course of time are also
indicated in A.5.8 of Annex A.

For stable channels, where the control is uniform and
remains unchanged, it may be possible to fit a mathematical
curve. This may be done as explained in A.5.10 of
Annex A. More frequently, even in a stable channel, where
the curve has to be drawn by visual estimation for example,

unstable channels become equally necessary.

In the cas¢ of natural unstable channels, different controls
come intoloperation at different stages in different years, so
that not only are the curves for the rising and falling stages
different from each other and from year to year, but there
are also inflexions and discontinuities due to shifts in
control wjthin a stage. The inordinate labour involved in
fitting thel high-degree composite curves rules them out in
practice. The best-fitting rising and falling curves have,
therefore,| to be drawn by visual estimation and shall,
therefore, |be tested for absence from bias and for goodness
of fit, separately for the individual portions between shifts
in control

For absenge from bias, there are two tests. In one, the curve
is tested tp satisfy the basic requirement that a significantly
equal numiber of points are expected to lie above and below
an unbiasded curve so that the deviations are not more than
those due|to chance fluctuations (Test 1, A.5.6.1). In the
other, thg condition that the algebraic sum of “the
percentagg deviations of the observed discharges from an
unbiassed |curve should not be significantly different from
zero is tested by comparing the mean of the “percentage
deviations|with the standard error (Test 3, /A'5.6.3).

For goodness of fit, a test is applied“to check that a
sign-change in deviations (i.e. -observed value minus
expected yalue from the curve) js'as’ likely as a non-change
of sign. This test also helps in- detecting shifts in control at
different gtages (Test 2, A.576,2).

The abovg-mentioned tests are described in detail in A.5.6
of Annex A with examples illustrating their application.

9214 RATPIMNG-TABLE

curve, or from the equatnon of the curve, showing the
discharges corresponding to stages in ascending order, and
with intervals corresponding to the desired accuracy of
reading.

9.2.2 Twin-gauge stations

9221 STAGE-DISCHARGE CURVE

The establishment of a single-gauge station is impossible in
all cases where the flow in the reach of the river is
controlled by conditions existing in another reach
{upstream or downstream), if the latter vary owing to
natural causes {rise in water-level of tributary, obstruction,

1SO 1100-1973 (E)

etc.), or owing to artificial causes (movin
navigational dams,

hydro-electric schemes,

g flood-gates of
etc.}. It is,

however, possible to obtain a measurement of flow with
two gauges placed in the same reach by the slope-discharge

method. For all pairs of values of levels zg

and z, read off

each of the scales, there is a single corresponding value of
discharge Q, provided that the topography. and roughness of

the bed have not changed in the reach bet

ween the scales.

The plotting of the stage-discharge observations with the
value of fall against each observation will reveal whether the

when the section is not uniform, the tests described for  relationship is affected by variable slope at all stages, or is

affected only when the fall reduces bel
value. In the absence of any channel ontr
would be affected by the fall at™-all

correction
method covered in Annex C. When the disc

bw a particular
bl, the discharge
imes, and the

is applied as indicated in the constant-fall

harge is affected

only when the fall reduces.below a particular value, the

normal fall method

Annex C.

is” applied, which i

9222 RATINGTABLE

The complexity of the relationship gen

also given in

brally makes it

difficultsto> prepare a rating-table and it is recommended
that the'values be obtained from the relevant graphs.

9:3" Verification of the stage-discharge relationship

If the procedure recommended in A.b.1

is followed, no

actual verification is needed. When, after ong or more years,
a sufficient number of observations is ayailable for the

whole range of discharges, the curve sha
repeating the procedure it will be possiblg
period to draw a new curve. When shift is
an unstable channel,
norm during the period until another shift i
curve is the calibration curve which serv
during the next period of observations.

| be drawn. By
after a certain
thus detected in

a new curve is drawn Which serves as a

5 detected. Each
bs as the norm
By comparing

successive curves and noting the deviatiops, it is possible

to determine the necessary frequency of

bbservations for

the future, and the lengths of the periodq during which a
certain stage-discharge curve may be regarddd as reliable.

In cases where the regularity of observatio
method described above cannot be realize

method of verification is recommended. The

curve relatnonsh:p should be checked

medium or high stage, and always dunng
floods. If a significant departure from

established stage-discharge curve is found,
If the difference is confirmed, sufficient

should be made.

s needed for the
, the following
stage-discharge
by discharge
stage and at a
and after major
the previously
further checks

discharge measurements should be made to define the area
in which the stage-discharge relationship has altered and a

new stage-discharge curve should be drawn.

If a particular change of the stage-discharge curve can be

attributed to any definable incident in th

e history of the

station, the new curve should be regarded as having applied

from the time of that incident.

Methods of checking the consistency of gaugings are

described in Annex A.
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For unstable channels, a fresh set of discharge measure-
ments shall be made each water-year and new curves drawn
corresponding to periods of no change in control.

10 OPERATION OF GAUGING-STATION AND
COMPILATION OF RECORDS

10.1 Operation of gauging-station

Provision should be made to ensure that the station is

obtained if measurements were made without errors of
observation and where the control remained constant. All
points would then fall exactly on the curve. Since these
ideal conditions are unattainable in practice, there will be
deviations of observations from the curve. These deviations
of the measured discharges from the curve give, within
limits of the reliability of the curve, an estimate of the
observational error. The reliability of the mean curve and of
the deviations of the measured discharges from the
discharges estimated from the curve may generally be
assessed by one or more of the concepts of ““Standard error

maintained in full operating order at all times. All
instruments shalll be in working order and conform to
relevant standards and shall be properly and regularly
calibrated.

10.2 Compilation of records

The records shall

When water-level

be regularly compiled.

fluctuates during the period of a day, the

discharge may b¢ evaluated from a sufficient number of

points to enable
When the value o
discharges at the
by the lowest i

he mean daily discharges to be computed.
the difference between the instantaneous
highest and lowest stages in a day divided
nstantaneous discharge of the same day

exceeds 20 %, a discharge hydrograph shall be plotted. The
ordinates taken [shall be sufficient to define the flow
conditions of thg day. The total volume of the discharge
shall be obtained from the area under the hydrograph for
the day and the mean rate of discharge shall be obtained by
dividing the total [volume by the time.

Quantities derived from extrapolation of the stage-discharge
curve shall be indicated by the letter “‘e” and the limits
beyond which extrapolation has taken place shall be
defined and indigated in an appropriate note accompanying
the data. The djscharges which have been-estimated by
interpolation du¢ to failure of the recorder or lack of
observer’s readings shall be indicated by, theletter ““i”.

The accuracy (nUmber of decimals) ofthe figures published
shall not exceed|the accuracy with’ which they have been
determined. The|day of record<shall extend from a fixed
time in the morming on one\day to the same time on the
next day, quarftities measured for that period being
credited to the ddy om which the record started.

of the mean (the stage-discharge curve)”, “Acfeptance
limits of the observations”, and ““Confidence/limits of the
mean stage-discharge curve”, as indicated ,in‘the fpllowing
clauses.

11.1 Standard error of the stage-discharge curve

From the points that have“\been used to deterrpine the
stage-discharge curve, all)or a certain number [shall be
chosen, well spaced’d@long the curve. For obsgrvations
within small intervals’ of the stage of the selected points
taken as the central value, the standard deviation ffrom the
curve, sp (i.e.the square root of the mean of the squares of
the residuals of the discharge figures from the cugve) shall
be computed. The intervals shall be selected so that

a), there are a sufficient number of observatiors in each
fnterval;

b) the error of observation in each interval could be
considered as independent of discharge.

The standard error of the mean (the stage-flischarge
curve) is

SE:\/_ITT o)

where

m is the number of observations used to detefimine the
stage-discharge curve;

sp is the standard deviation.

10.3 Extrapolat|

LUTYoe

Extrapolation of the stage-discharge curve shall be avoided.
Whether it is permissible in a given case, and to what
extent, depends on the accuracy of the curve (number of
observations, natural scatter) and on the characteristics of
the channel (see section A.6 of Annex A).

11 OBSERVATION ERROR AND RELIABILITY OF
THE STAGE-DISCHARGE CURVE

The stage-discharge curve obtained from the observations
gives the mean relationship between the stage and the
discharge. The ideal stage-discharge curve would be

6

The standard error sg is usually expressed as a percentage
of the estimated discharge from the stage-discharge curve. It
is to be noted that the standard error is worked out only
for the range over which the control remains invariant.

Where the standard deviation sp cannot be computed
because the number of observations is too small, the value
of sp may be taken to equal Xg, i.e. the percentage
standard error of the single discharge measurement in
accordance with I1SO 748.

NOTE — All calculations of standard deviations are strictly
applicable only if care has been taken to randomize the systematic
errors by interchanging, as often as possible, the instruments used
for the measurements and by changing the observer.
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11.2 ““Acceptance limits” of the

observations

stage-discharge

A pair of curves, one on each side of the stage-discharge
curve at a distance of twice the standard deviation, are
called the "“control curves’’ and define the 95 % acceptance
limits of the discharges at the corresponding stages.

On average, in nineteen out of every twenty measurements,
results should be within these limits. Any points lying far
outside ( i iati
can be reghrded as the result of faulty measurement, except
in those cdses where two or more consecutive points, either
chronologically or over a range of stage, appear 10 be well
on one side of one of the limits. Where this occurs, a change
of the stage-discharge curve is probable, which means that
the calibrgtion of the station has to be repeated, or a dif-
ferent stage-discharge curve is required owing to a shift in
control.
Usually, the two postulates made for a valid estimate of the
standard deviation in 11.1 are not available; that is, there
are not & sufficient number of observations over small
intervals Jof stage and the errors are known to be
porportiorjal to discharge over a range having the same
control. Therefore, a pooled estimate of the percentage
standard deviation may be worked out from the individual
percentagq deviations of discharge

(i.e.observad disch?rge - e-stimated discharge>< 100% )-
estimated discharge

taking alll the observations together. From this(overall

ISO 1100-1973 (E)

percentage standard deviation, the 95 % acceptance limit"*
may be drawn over the entire range of control.

11.3 95% confidence limits of the mean (the
stage-discharge curve)

Where the pair of curves are drawn to pass through points
at a distance of twice the standard error sg of the mean
(the stage-discharge curve} (NOT at twice the standard
deviation of the observations) on either side of the
stage-discharge curve, the pair of curves are called the 95 %

q o ; error should be
regarded as representative for the correspgnding region of
the stage-discharge curve.

These limits define the band-width for which there is a
probability of 95 % that the true curve l{es within these
fimits.

11.4 Alternative method of determiniJg ‘‘acceptance
limits of observations” and ‘‘confidencel limits of the
stage-discharge curve”

Another method' of determining the ““accepfance limits” for
discharges “and the “confidence limits| of the mean
(stage-discharge curve)” is to plot the data gn log-log paper.
The discharges are taken along the abscissap and the stages
(reférred to datum G for nil discharge + see A.5.10 of
Annex A) along the ordinates. The plotte points within
the range having the same control will geperally fall on a
straight line. The *‘acceptance limits’’ based|on the standard
deviation and the “confidence limits’” |based on the
standard error of the mean shall be worked out from the
horizontal distances of the observed point§ from this line.
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ANNEX A

DESIGN, CONSTRUCTION AND OPERATION OF A GAUGING-STATION

A.1 PRELIMINARY SURVEY

shall be sufficiently remote from it to avoid any distortion
of flow which might occur in that vicinity, but close

The topographicsurvey—shal—inelude—a—plan—of—the—site
indicating the width of the water-surface at a stated level,
the edges of the patural banks of the channel(s), the line of
any definite discpntinuity of the slope of these banks and
the toe and cyest of any artificial floodbank. All
obstructions in the channel(s) or floodway shall be indi-
cated. A longitydinal section of the channei shall be
drawn extending [from below a control, where this exists, to
the upstream linfits of the reach, showing the level of the
deepest part of the bed and water-surface gradients at low
and high stages.| Cross-sections shal! be surveyed in the
proposed measuring-section and upstream and downstream
of this section. least five cross-sections shall be taken in
a measuring-reach or two cross-sections above a
measuring-section and the same below that point, covering
a minimum distdnce equal to one bank-full width of the
channel in each [direction. The control section should be
defined, wherever possible, by surveying a close grid of
spot-levels over [the area or by a sufficient number of
cross-sections. All cross-sections shall be taken normal to
the direction of flow and should be extended through the
floodway to an efevation well above the highest anticipated
stage of flood. T|he spacing of levels or soundings shatt be
close enough to feveal any abrupt change in the contour’of
the channel. The bed shall be carefully examined\for the
presence of rockp or boulders between the crosssections,
particularly in the vicinity of a measuring-section.

Where velocities |are to be measured 'by a current-meter,
exploratory meagqurements of velocities shall be made in the
proposed measuring-section and. Jin the cross-sections
immediately upsfream and downstream. When possible, the
method of velodjity distribation should be used for these
measurements. When fleats” are to be used for velocity
measurements, tfial runs-of floats shall be closely spread
across the width/of" the channel to ensure that any
abnormality of flow2wi ctecte
shall be repeated at more than one value of discharge.

A.2 DESIGN OF STATION

The design of the station shall be based on the features
disclosed by the preliminary survey.

The control section which determines the water stages at
low flows at the gauging-point shall be situated at the
downstream end of the measuring-reach, and the operating
cross-section nearest to the control (iie. the
measuring-section in the case of current-meter measurement
or the terminal section in the case of any other method)

8

enough to ensure that a variable stage-discharge relation will
not be introduced through the effect of wind'|or weed
growth in the channel.

Higher flows are usually controlled )by the[ general
characteristics of the channel for a.censiderable|distance
downstream.

The reference gauge and thé-recorder shall be Igcated as
closely as possible to the¢measuring-section in the case of
a current-meter station!_Jor near the mid-point of the
measuring-reach in_the case of any other mgthod of
measurement.

The important. requirements specified as necessqry for a
suitable gauging-site shall be naturally present, forlexample
a sufficient length of reasonably straight and regular
channel free from variable backwater. Where other |desirable
features are not present, conditions may be imgroved to
saome extent by rectification work.

The loss of water from the main channel by spillage can be
avoided by constructing floodbanks to confine the|flow in a
defined floodway. This, however, can only be done for
small channels.

It is advisable to protect unstable banks gnd such
protection shall, in the <case of curr¢gnt-meter
measuring-sections, extend upstream and downstr¢am from
the section a distance equal to at least one-fdurth the
bank-full width of the channel in each direction or, in the
case of float measurement, throughout the whoje of the
measuring-reach.

Instability of the bed may sometimes be corrpcted by
introducing an “artificial control” (see below}, which may
also serve to improve the stage-discharge relgtionship
(sensitivity}, or to create sufficient depth| in the
asuUr-Ag i s—effactively used.
Occasionally, it may be possible to eliminate variable
backwater effect by introducing an artificial control.

An “artificial control” is a structure built for the reasons
given above. It may be a low dam, or a contraction similar
to a flume. The structure is seldom designed to function as
a control throughout the entire range of stage. Each
“artificial control’’ structure shall be designed in
accordance with the conditions at the site where it is to be
built. In the design of controls, the following four major
points shall be borne in mind :

a) the shape of the structure shali permit the passage of
water without creating undesirable disturbances in the
channel above or below the control;
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b) the structure shall be of sufficient height to
eliminate from the measuring cross-section the effects of
variable conditions immediately downstream;

c) the profile of the crest of a control shall be designed
so that a small change in discharge at low stages will
cause a measurable change in the stage;

d) the control shall have structural stability and shall be
permanent.

NOTES

1 Artificial
rivers.
2 Where, {n the normal measuringsection, there is insufficient
depth or exkessively low velocity at low stages, the discharges may
often be nmpeasured in the same general reach of the stream at
another secftion which is more suitable under these conditions, but
which may fot be satisfactory for higher flows.

3 It shouldl be noted that if any alterations to natural conditions
are made, [the subsequent re-establishment of stability will take
some time.

A.3 CONSTRUCTION OF STATION

The “refg¢rence gauge” is the most important item of
equipment at the station. Safe and convenient access shall
be provided so that an observer may approach closely to
the gauge| and make readings accurately from a suitable
angle. Reddings made from a distance or from an awkward
angle may|be considerably inaccurate.

In order |to avoid velocity effects which may hinder
accurate rpading, a staff-gauge shall be sited if possible in a
bay, where it will not be exposed to the force of the'current.

An inclingd gauge may be constructed to one continuous
slope or may be a compound of two or more slopes. It is
often conyenient to construct a flight of steps alongside the
inclined gauge to facilitate taking readings. The accuracy of
readings an inclined gauge may be improved if a portable
stilling-bok is used.

The stilling-well shall either-bé.carried on a solid foundation
slab bel the bottom “of the well or, when pipe
constructipn is adopted;the well-pipe may be hung from an
under-flodr located below the point where the pipe emerges
from the |bank..The" under-floor shall extend weil beyond
the limit|ofAthe intake pipe trench on both sides and
shall be sgolidly bedded on undisturbed ground. The well
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convenient to provide valves in the intake pipes and install
flushing systems to clear silt from the pipes and if this
arrangement is impracticable, means for cleaning with fiex-
ible sewer-rods should be provided. Further, silt-traps may
be provided near the outer end of the intake pipe, in order
to retard silting. When appreciable fluctuation occurs in the
density of the water it is all the more important that the
well should be connected to the channels at various levels to
prevent deviation from the water-level in the channel and
the well resuiting from differences in density.

The diameter of the intake pipe should generally be 10 cm
(4 in}. If use is made of larger pipes or-ar] open intake, a
valve or penstock shall be fitted to controlsurge in the well.
Intake pipes shall be laid level throughout| their length. If
they exceed 20 m (60 ft) inClength, gn intermediate

inspection man-hole shall be,constructed.
the well shall be carried at least about 30 ¢

The bottom of
m (12 in) below

the level of the lowest intake pipe so that there may be no

danger of the float grounding when the st
minimum level.

It is preferable that the recorder should
ventilated, weatherproof and lock-fast hut,
a thoroughly stable foundation and of suc
will permit the entry of the observer

eam falls to its

be housed in a
constructed on
h dimensions as
and give him

protection from the weather during the operations of
changing the chart and servicing the instrument. The

recorder shall be mounted on a rigid stool
fixed to the foundation of the hut and ind
main structure of the building. There shall

or table firmly
ependent of the
be provision for

heating the hut in extreme winter conditiors. All operating

equipment shall be inside the hut.

All key points at the site shall be permane
the ground by markers sunk to such a d

ntly marked on
epth below the

surface as will secure them against movemert. Cross-section

markers shall be set at definite points in the
facilitate the repetition of levels or soun
section is checked.

A.4 DEFINITIVE SURVEY

For current-meter measurements, a standar|
measuring cross-section shall be drawn,

cross-section to
jings when the

d profile of the
indicating the

position of the cross-section markers. On this standard
drawing, the positions selected for the Velocity-verticals

shall be recorded. The bed-levels of the cr
be checked and the profile revised freque

hss-section shall
htly. A copy of

dimensions sha € large enough (say oo cm X 90T or
24 inx 36in) to permit the bottom of the well to be
cleaned. The smallest dimension of the well, however, shall
be not less than twice the diameter of the float of the
recorder. It is an advantage to fit more than one intake pipe
to the well, the lowest being situated below the lowest
anticipated level of flow and the others at suitable levels
below normal water-level.

In this way, if during the season of high water the lower
pipe(s) becomes obstructed and it is not possible to clean it
(them) owing to the depth of water, the recorder will
continue to operate on the upper intake(s) until the water-
levei falls sufficiently to allow access to the lower pipe(s).
The upper pipe(s) will usually be accessible for cleaning. It is

the standard profile {most recent revision)
the instrument hut at all times.

shall be kept in

For float-stations, a standard plan shall be prepared on
which the lines of the selected float-runs and the release
points for floats shall be indicated. A copy of this plan shall
be kept in the instrument hut at all times.

A5 STAGE-DISCHARGE CURVE

A.5.1 Trial curves

For purposes of rough estimates, the graphical record
obtained by plotting the measured discharges on
arithmetically divided graph paper may be sufficient. But

9
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where a more critical examination or application of the
results is desired, or when a rating-table is to be prepared, it
is necessary to ensure that the curve (or curves) drawn are
close fits and free from personal bias. If it were possible to
fit a mathematical curve, some such procedure as the
method of least squares would be adequate. But, in natural
rivers, separate controls coming into operation at different
stages cause varying and composite curves with undefinable
inflexions to which it may not be possible to fit a single
mathematical curve. For such rivers, the following
procedure may be adopted to ensure that the curves drawn

S 2s
But sg =ﬁ; therefore T': should not exceed P, from

. . '2SD 2
which it follows that m should not be less than —P- .

sp shall be calculated separately for each range of stage
having separate control, and the m-test shall be applied to
each sp separately to obtain the number of observations
necessary to attain a specified precision.

in practice, the test may be conveniently applied with

are the best fits a matbias.

When the observiations are plotted, the points shall be
labelled with reference to their chronological order, rising
and falling poipts being indicated by distinguishing
symbols. A smodth curve (or curves, for example if the
rising and falling points indicate distinctly different trends)
may be drawn bl visual estimation to pass as evenly as
possible through fthe points. If the section is not uniform,
or the low- and h{gh-water controls are different, there may
be one or two infllexions or discontinuities in the curve. In
cases of acute inflexions or discontinuities, more than one
curve may be preferable.

These curves shpll be tested for “number of signs”
(Test 1 — A.5.6.1} and “change of sign’’ (Test 2 — A.5.6.2)
and modified as may be necessary to satisfy these tests.

A5.2 Rejection| of freak observations or incorrect
measurements

Incorrect values mmay have come into the record due to
instrumental, conyputational or copying errors, or for some
other reasons. comparative examination of the stage
hydrograph and |the discharge hydrograph (of observed
discharges), plotled one above the other, will.at once
spotlight freak values. The data for these dates shall be
checked with thq original record, and computational and
copying errors, if Any, rectified.

After correction pf the data, there may still be some values
which may lie very far away from)the trial curves. Such
observations shaill be pruned/down so as to secure
homogeneous data for correct stage-discharge relation.
Either a limit depending\upon the desired accuracy of
discharge measufements,>or a criterion based on the
standard deviatiof of the observed discharges, as outlined in
11.2, may be [ adepted for the rejection of freak

sufficient accuracy in the following way :

For this example, P is taken as 5 %. All observatigns shall
first be plotted on double-log paper andthe independent
controlled ranges of flow identified. They lie betwegn, or to
either side of, angular changes in direction of thg scatter
band. For each independent_ tange, the points phall be
replotted on double-log papér on as large a $cale as
possible, to an appropriate datum. The curve |of the
relationship will then be a’substantially straight lipe, and,
given a reasonable ndmber of weli-distributed observations,
its position and digection in relation to the point$ can be
established quite accurately by visual examination.|Perhaps
the most satisfactory estimate will be given by a| median
line, to eithep side of which lie an equal number of gbserved
points. Thus, two-thirds of the total number of pgints are
included between two outer lines. At any Eelected

gauge’height, the interval between the two outer lines,
measured in discharge units, is equal to 2 sp, and this is
expressed as a percentage of the discharge, |at this
gauge-height, read from the curve of relationship. 1Y may be
noted that since these are straight parallel ljnes on
double-log paper, the value of 2sp, expressgd as a
percentage, will be the same, no matter 4t what
gauge-height the value is determined. From the value of

. 2SD
2sp thus obtained, the value of —5— I-1hall be
nu

calculated and compared with m, the ber of

. . 25p\?
observations. If m is less than ? more
stage-discharge observations shall be taken, after which the
test shall be applied again.

It is suggested arbitrarily that m should never be Iers than 6
for any one section of the range

observations.

A.5.3 Determination of number of observations necessary
for establishing a reliable stage-discharge relation

The reliability of the mean relation is measured by the
standard error of the percentage deviations (see 11.1) which
is given by

Sp

SE=7; (1)

If the acceptable shift at a confidence level of 95 % is set at
P %, then 2 sg should not exceed P.
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Figure 1 illustrates that part of the above example relating
to the test on a single section of the range. The following
table illustrates the variation in the necessary number of
observations with variation in width of scatter band, P
being taken as 5 %. -

25p % 10 15 20 25 30
m 6 9 16 25 36
minimum
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Ab5.4 Stable channels

In the case of stable channels, it is generally found that one
curve for the rising and falling stages is adequate, unless the
river has a steep slope or is flashy; sometimes, one curve is
applicable with a narrow belt of dispersion for some years.

Test 3 (see A.5.6.3) shall be applied to the trial curve and if
this test is satisfied in addition to Tests 1 and 2, the curve
may be considered as free from bias. With practice, one
would be able to draw a curve satisfying all the three tests
with a single trial.

ISO 1100-1973 (E)

The water-year shall be subdivided into periods over which
the same stage-discharge relation prevails, and separate
curves shall be drawn for each period. These curves shall, in
addition, satisfy Tests 1, 2 and 3 of A.5.6. Further, the
standard deviation of the percentage differences for each
curve shall be reasonably small, as stated in the case of

stable channels.

A5.6 Tests for absence from bias and good

ness of fit

Of the altgrnative curves satisfying all the three tests, the
one that gives the least standard error shall be taken as the
best. The ¢urve shall, of course, be smooth. The standard
deviation o¢f the percentage difference of the observed
discharges [from the curve shall not be greater than the
percentage|standard deviation of the discharge observations
for the method of measurement used.

A.5.5 Unstable channels

In addition to the shift in contro! at some particular stage
due to a| different control coming into operation as
exhibited by some stable channels, the unstable channels
manifest apother peculiarity, that is, a shift of control with
reference [to time or intensity of floods, and the
consequential seasonal scour and fill phenomena. There are
significant | differences in the gauge-heights for the same
discharge i{n the rising and falting stages, and a complete
change in fegime occurs after the maximum flood of the
year. Minol freshets, specially during the clear-water season,
may also cguse shifts in control.

Channels Wwhich are subject to freezing or which’ have
features likke aquatic growth and vegetal cover also exhibit
shifts in coptrol with reference to time.

Such shifty in control may be detected by following the
deviations [positive and negative) of the gbserved discharges
from the tfial curves in chronological order as indicated in
A58.

1) The test|as performed on the 1959-1960 Farakka stage-discharge (see Figure 2} yielded the following results :

Dtk + +. PR B P | L
ATITTES L TITOT T atcuU— uUcTUwWTIay e dpPpyJ
of curves, each individual portion being
separately.

A5.6.1 Test 1 — Absence from'bias (signs)

The number of positive and negative de
observed values from ‘the stage-discharge d
visual estimation (see A.5.1) shall be evenly
the difference Jin number between the tw
more than canbe explained by chance flucty

The testlis\applied to find out if the curve
in a sufficiently balanced manner so that {
discharge values, observed and estimated (fr]
may be reasonably supposed to
population. This is a very simple test and ca
by counting the observed points falling on ei
curve. If Qg is the observed value and Qg
value, then @, — Qg should have an equal g
positive or negative. In other words, the
Q, — Qg being positive is 1/2. Hence,
successive signs to be independent of ed
sequence of the differences may be
distributed according to the binomial law (g
m is the number of observations, and

ied to portions
fested for bias

iations of the
urve drawn by
distributed, i.e.
o shall not be
ations.

has been drawn
he two sets of
om the curve),

be performed
her side of the
the estimated
hance of being
probability of
assuming the
ch other, the
considered as
+g)m, where
p and g, the

represEnt the same

probabilities of occurrence of positive and negative values,

are 1/2 each.1}

Particulars Symbol Rising-stage Falling-stage
curve curve

1) ‘Ll\lur_n;fr (Zfd;_)ositive signs, i.e. points lying m. a2 67

2) Total number of observation m 83 122

3) Probability of a sign being positive P 1/2 1/2

4) Probability of a sign being negative q 1/2 1/2

5) Expected number of positive signs mp 41,5 61

6) Standard deviation of 5) mpq 4,56 5,52

7) mizmpl-05" 0,00 1,00
t 2 .

/mpq
® Continuity correction

NOTE — Tables giving values of t for different levels of significance are available and values exceeding these would denote bias. For m greater
than 30, a value lower than 1,96 (say lower than 2) indicates that the difference is not statistically significant at the 5 % level. Since the values
for both the rising- and falling-stage curves are considerably less than 2, the curves are free of bias when judged by this test. For small values of
m (say less than 25), the exact probability of the above difference or a greater difference between the actual and expected signs has 10 be
worked out from the binomial distribution to assess the freedom from bias.

1
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A5.6.2 Test 2 — Goodness of fit

This test is carried out for long runs of positive and negative
deviations of the observed values from the stage-discharge
curve.

This test is designed to ensure a balanced fit in reference to
the deviations over different stages.

This test is based on the number of changes of sign in the
series of deviations (observed value minus expected value).
Write down the signs of deviations in discharge

Iif the observed values could be regarded as arising from
random fluctuations about the values estimated from the
curve, the probability of a change in sign could be taken to
be 1/2. It should be noted that this assumes that the
estimated value is a median rather than a mean. If m is
fairly large (say 25 or more), a practical criterion may be
obtained by assuming successive signs to be independent
(i.e. by assuming that they arise only from random
fluctuations), so that the number of “1"”s (or "0's)
in the derived sequence of (m — 1) members may be
judged as a binomial variable with parameters (m — 1)

measurements in| ascending order of stage, and, starting
from the second gign of the series, write under each a 0"’ if
the sign agrees qr “1” if it does not agree with the sign
immediately preceding. For example :

+—+++-—++
11001010

If there are m observations in the original series, there will
be (m — 1) numbers in the derived series 11 001010 ... ... ...

1) The test as appljed o, the curves in Figure 2 is shown below :

and 1/2.1)

Further, for goodness of fit, the standard deviatign of the
percentage deviations should be as\low as possible,
consistent with the smoothness of)curve. No simpje test is
possible to check the smoothness.of curve (see A.5.7). As a
rule, this should not be greater than the rcentage
standard deviation of the errer of discharge measyrements
by the method used.

Particulars Symbol Rising-stage Falling stage

curve curve

1} Number of observations m 83 122

2} Number of changes of sign m' 34 53

3) Probability of change in sign p 1/2 1/2

4) Probability of no change in sign q 1/2° 1/2

5} Expected number of changes in sign (m-1)p 41 60,5

g \m—tm-1pl-05 t 1,44 1,27

J(m—1) pg

NOTE — Since the value of t is less than 1,96, the difference is not significant at the 5 % level, i.e. the assumption of random fluctuations is not
disproved. Therefore, there is no abnormal variation in the number or order of the signs of deviations. Since it has been already tested for the
number of signs of deviations due to random fluctuations, the present test confirms that there is no systematic trend in the deviations.

12


https://standardsiso.com/api/?name=0f327890350f34b5c284d4b984db67fa

A5.6.3 Test 3 — Absence from bias {values)

The third test is designed to determine whether a particular
stage-discharge curve, on average, vyields significant
under-estimates or over-estimates as compared to the actual
observations on which it is based. The percentage
differences,

(@, ~Qe) x 100 _

a: - (2)
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If the acceptable limits of deviation (positive and
negative) of individual gauges are drawn on the diagram,
it is readily seen whether any check-gauging falls outside
the limits. This also shows whether, within the
prescribed limits, there is any tendency for the
relationship to drift to one side or the other.

b) A similar procedure may be used to detect shift in
control which occurs in course of time owing to a
change in the river regime, following floods or freshets
or any other natural phenomena. In this case, the

are worked out and averaged. If there are m observations
and Pq,Pa|. .. P; ... Py are the percentage differences, and
if P is the gverage of these differences, the standard error sg

of Pis given by :
. [z Pi-P)2
= —_— ... (3
e m{m —1) 3

The averagg percentage P is tested against its standard error
to see if it ls significantly different from zero.

The percemtage differences have been taken as they are
somewhat [independent of the discharge volume and are
approximately normally distributed about a zero mean
value for am unbiased curve.

A.5.7 Smeothness of curve

Smoothness of a relation curve is also important, but it is a
property which cannot be exactly defined. The criterion
frequently | accepted is that the first and second-order
differences| should progress smoothly, and hjgher-order
differences| should become very small. But acceptance of
such a criterion is tantamount to acceptingtthat the curve
should approximately be a third ~0c" higher-order
polynomial. The higher-order derivatives” should show a
tendency tp diminish, but no test can bé imposed in regard
to smoothness for stage-discharge’ relation curves, as
irregularitigs at some stages due\to changes in control and
irregularitigs of cross-sectionare inherent features of these
relation cugves.

A.5.8 Methods for locating shift in control

To locate phifts_in control in curves already drawn and to
check whether)subsequent gaugings indicate any change in

positive—and—hegative—deviations—may—be plotted along
‘the ordinate against time along the absgissa. When the
deviations of the same sign exhibitylong|runs, a shift is
suspected. Generally, when seven\or mgre consecutive
observations spread over sufficiently long periods have
the same sign, the stagepnand discharge hydrographs
should be checked to find“out if there is|any likelihood
or assignable cause of & shift in control.

A.5.9 Check onssubsequent shifts in contro

Once a gdaugingstation has been calibjated and the
stage-discharge curve has been drawn, a cargful watch shall
be kept-to ascertain whether subsequent |check-gaugings
indicdte any departure from the establish¢d relationship.
The method for locating the shift in contro] is indicated in
Ab.8.

Changes in bed conditions over long periogls may also be
detected from a study of the specific stage-djscharge curves.
In this method, the observed stages with respect to specific
discharges (say 500, 1 000 or 2 500 m3/s or PO 000, 50 000
or 100 000 ft3/s) are plotted against time f¢r a number of
years. If the plot of the stages for the same discharge is
more or less horizontal with reasonable degree of scatter,
then the channel may be taken as fairly staljle, as it may be
assumed that there are no significant changps with time in
the bed conditions on account of erosion of silting action.
If, on the other hand, the alignment of| points shows
consistent falling or rising trends for any spegific discharges,
this leads to the inference that the bed shows a definite
tendency to fall or rise, as the case may he, in course of
time. This procedure will throw considerablp light not only
on the presence, but also on the pattern, pf bed changes
and, consequently, on the kind of shift expected in the
stage-discharge relation.

the established relationship, one of the following two
simple procedures may be adopted according to whether
the shift in control is due to channel features or due to
change occurring in course of time.

a) As the stage rises, shifts in control may occur owing
to different channel features. Inflexions and
discontinuities in the stage-discharge relations usually
mark these shifts. These shifts in control may be located
conveniently by means of a deviation diagram in which
the amounts (positive or negative) by which each
check-gauging deviates from the curve are plotted
around a central ordinate which represents the
established curve. The deviations are plotted as abscissae
against the appropriate stages as ordinates.

A.5.10 Fitting of a mathematical curve

In some rare cases, where the control section is uniform and
remains unchanged, it may be possible to fit a mathematical
curve. Usually, the relationship may be expressed by the
equation

Q=0C, (G-G,y) €2 ... (4)

where

Q and G are the discharge and the gauge reading
respectively;

13
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Gy is the gauge
discharge;

reading corresponding to zero

C, and C, are station constants.

The values of @ plotted against G — G on log-log scale
would therefore, between shifts in control, lie about a
straight line. For this purpose, it would be necessary to
determine Gg. This may be done by trial and error. If the
value of Gg selected is less than actual, the curve on log-log
scale will be concave upwards. But if it is greater than

actual, the curve
method of determ|

A5.10.1 Determ

The points are plq
a smooth curve is
of discharges, Q4
progression, i.e.

If the correspond
curve are G4, G4

A5.10.2 Determination of C, and C,

After having established the value of G, the constants C,
and C, may be determined from the logarithmic plot of Q
against G —~ Gg. The values of the constants C, and C, can
also be worked out statistically so that sum of the squares
of the deviations between log Q and log (G —Gg) is a
minimum.

Values of C; and C, may then be obtained from the
equations :

will be the reverse. A more objective
ning Gg is given below.
ination of Gg

tted on ordinary (arithmetical) scale and
drawn by visual estimation. Three values
, Q5 and Q5, are selected in geometric

Q,2=0,x Q4 ... (5)

ng values of the gauge readings from the
and Gj, it is possible to verify that, if

equation (4) holds, then

A graphical meth
As above, thre

G,G3—-G,?
Go=—o 2 .. (6)
G1 +G3_2G2

bd of determining Gq is described below;

e values of discharges in geometric

progression are sTalected. Let the corresponding peints on

the curve be A, B

Through A and B
and C horizontal

nd C (see Figure 3).

vertical lines are drawn, and through B
lines are drawn interseCting the verticals

at D and E respectively. Let DE and. AB meet at F. Then

the ordinate of F

s the value of Gg.

ZY)—milogCi—CrZ (X)=0 A7)
ZAXY)-Z (X)logCq —CZ4AX%2)=0 | ... (8)

where
Z (Y) is the sum of all values-of log Q;
Z (X) is the sum of all:vaiues of log (G — Gg);
2 (X2) is the sumof all values of the square of| (X);

Z (XY) is thessum of all values of the products of (X)
and (Y);

m iscthe number of observations.

The-preparation of the data and solution of the ¢quation
may be simplified by employing a tabulation as shown in
Table 1. The corresponding tabulation for detgérmining
plotting points or a rating-table is shown in Table 2

If the controlling section changes at various stageq, it may
be necessary to fit two or more similar equatiops, each
relating to the portion of the range over which thg control
has remained the same. If, however, too many changes in
parameters are necessary to define the relationsHip, then
possibly the mathematical form assumed may | not be
suitable and a curve fitted by visual estimation would be
better.

14
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TABLE 1 — Example of tabulation of calculation to determine stage-discharge relationship

Observation (G —-Gg) logQ log (G — Gp) 2
Ref. No. a G Go=+0,2 =(v) = (x) (x4
1 65 0,95 0,75 1,813 —-0,125 -0,227 0,015 6
2 177 1,45 1,25 2,248 0,097 0,218 0,009 4
3 159 1,35 1,15 2,201 0,061 0,134 0,003 7
4 63 0,90 0,70 1,799 — 0,155 - 0,279 0,024 0
5 49 0,80 0,60 1,690 —-0,222 -0,37% 0,049 3
6 341 1,90 1,70 2,533 0,230 0,583 0,052 9
7 61 0,90 0,70 1,785 — 0,155 —-0,277 0,024 0
8 114 1,10 0,90 2,057 — 0,046 =.0,095 0,002 1
9 172 1,35 1,15 2,236 0,061 0,136 0,003 7
10 202 1,45 1,25 2,305 0,097 0,224 0,009 4
1 225 1,55 1,35 2,352 0,130 0,306 0,016 9
12 255 1,62 1,42 2,407 0,152 0,366 0,023 1
z 25,426 40,125 + 0,714 0,234 1
From the results of Table 1,
25,43 -12logC1—0,126C, =0 {using equation 7}
0,714-0,125logC, - 0,234C, =0 (using equation 8)
From these two equationsit-follows that C, =193 and C, = 125,6
By substituting for C3.and C, in equation (4), it follows that
Q=1256 (G—0,2) .93
TABLE 2 — Tabulation of calculation to determine the points for plotting stage-discharge curve and constructing ratipg-table
With @ = 12p,6 (G <0,2)1.93 and log 125,6 = 2,099 the following table can be established :
lng (f‘ n,o) X 1'0'2 ncrement
G (G-0,2) log (G — 0,2) = (A) (A) + 2,099 Q AQ AG for 0,01 unit
0,2 0
12,3 0,3 0,41
0,5 0,3 —-0,623 - 1,009 1,090 12,3
27,2 0,25 1,09
0,75 0,65 - 0,260 - 0,502 1,597 39,5
42,1 0,25 1,68
1,00 0,80 - 0,097 - 0,187 1,912 81,6
56,4 0,25 2,26
1,25 1,05 0,021 0,041 2,140 138,0
70,0 0,25 2,80
1,50 1,30 0,114 0,220 2,319 208,0
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A6 EXTRAPOLATION OF
CURVE

STAGE-DISCHARGE

The stage-discharge relation curves are primarily intended
for interpolation, and their extrapolation beyond the
highest-recorded high water or the lowest-recorded low
water may be subjected to risk and indefinite errors.
Physical factors like overbank spills at high stages, shifts in
controls at very low and very high stages, changes in
rugosity coefficients at different stages, etc., materially
affect the nature of the relationship at the extreme ends
and should be t i TOTTS:
Extrapolation shduld be avoided as far as possible, but
where extrapolation beyond the range of actual
measurements is [necessary, such extrapolation shall be
checked by the refults obtained by more than one method.
The physical conditions of the channel, that is, whether the
channel has defindd banks over the entire range, or only up
to a stage and ovprbank spill above that stage, as well as
whether the chanpel has fixed of shifting controls, should
govern the methods to be used in the extrapolation. There
are a number of methods; those given below are suitable for
a channel with defined banks and fixed controls, as well as
for a channel with|spill.

a) If the control does not change beyond a particular
stage, it may He possible to fit a mathematical curve as
indicated in clause A.5.10 and obtain the values in the
range at the upper or lower end of the stage-discharge
curve to be extyapolated.

b) Another simple method would be the separate
extensions of the stage-area curve and the stage mean
velocity curve| The latter has little curvature under
normal conditipns and can be extended without error.
The product of| the corresponding values of A and\V may
be used for ext¢nding the discharge (Q) curve(

¢) The mean pelocity curve may also-be €xtended by
adopting the fdllowing procedure :

The hydraulic|mean depth (R,)-can be found for all
stages from the| cross-section.

A logarithmic |plot of Z-against R, generally shows a
linear relationship forthe“higher measurements and the
values of v for the \range to be extrapolated may be
obtained therefrom.

d} A variation of the last method i1s by the use o

Manning’s formula :

AR, 2/351/2
Q=Ar=—""— (in metric units) ... (9)
n
or
1 5ARh2/3s1/2
Q = ——————— (in foot and second units) . . . (10)
n
81/2 —
Assuming remains constant and substituting D for

Ry, a curve can be prepared for Q against AD2/3,

After the full-bank stage, the discharge of the spill
portion will have to be worked out separately by

16

assuming an appropriate value of n. If accurate gauges do
not exist for computing the slope, it may roughly be
estimated from the flood-marks.

e) Chezy's formula can be used in the same way in
place of Manning’s formula. in this case the slope of the
log 7V — log Ry, line is taken as 1/2.

f) Yet another method that may be used, when another
discharge site exists on the same stream, upstream or
downstream, is to assess the relation between the

i f ions and find out the
discharge at the required station. This presumes that
corresponding discharge at the other station”is either
known or can be worked out correctly taking additions,
withdrawals, channel and valley\ - storage into
consideration.

A.7 OPERATION OF STATION

The production of satisfactory records depends upon
efficient attendance , 0Q) the recorder and | proper
maintenance of the\(station, its equipment pnd its
calibration.

Where a station)is.only fitted with a gauge or gaugés (staff,
inclined, or haoek) and no continuous water-level recorder,
the local_observer shall be required to furnish for dach day
one or more readings of all the gauges in his care. Preferably
the readings should be made at fixed hours. The |ntervals
between the readings shall be determined by the rate at
which the water-level at the site usually changes, but
arrangements shall be made to have additional feadings
when the water-level is changing more abruptly thgn usual.
It is essential that for all gauge readings the time gt which
the observation was made should be recorded.

When a recorder is provided, the local observer shall visit
the station at the appropriate intervals to ensurq regular
servicing of the recorder. If possible, additional visits should
be made throughout the period to verify that the fecorder
is operating satisfactorily. The local observer phail be
required to record observations of the wdter-level
“reference gauge’’ and also the time for comparigon with
the recorder chart and clock. To relate the readings to the
chart trace, the observer may mark the chart by| slightly
raising or lowering the float-wire. At all stations the local
observer shall record any obstruction of the chgnnel by
weeds or ice, shall note any casual obstructior] of the

} —and shall
keep the site and equipment generally clean and tidy,
paying particular attention to the legibility of the
“reference gauge’’. He shall be required to despatch ali
records or charts to the record office for computation
immediately they have been completed, together with any
relevant notes or observations.

Every gauging-station shall be inspected by a superior
officer, whenever any incident which might affect its
accuracy is notified by the local observer.

Recorders which are otherwise in good working order shall
be thoroughly cleaned {on the site if necessary) at least
annually. Clocks shall be removed for overhaul by a
clockmaker at intervals not greater than two years.
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The elevation of all key points (including particularly zero
of reference geuge) which were surveyed in the definitive
survey shall be checked by reference to the station
bench-mark at least annually or following any flood when
equipment might have been damaged or disturbed by debris
or by ice. At the same time, any staff-gauge shall be tested
for verticality. The connection of the station bench-mark
with ordnance survey datum shall be checked at intervals
not greater than 5 years.
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Where autographic recorders are installed, readings of
water-levels from instrument charts shall be taken at such
intervals as may be necessary to define the hydrograph
adequately.

The conversion from water-level to discharge by the use of
the stage-discharge curve and station rating-table shall be
made for each water-level after making all necessary
corrections and the daily means of discharge shall be
computed independently. For the computation of daily
means of discharge, the assumption shall be made that

A.8 COMI!'L‘ET!‘ON‘U!’RECO‘Rua
The collection of field data in the form of records of gauge

readings of of charts taken from water-level recorders and
of velocity measurements is only the first step in the
compilation of a station record. While it is important that
field obsefvation should be made accurately, no less
importance should be attached to the work of reducing and
transcribing information. Both operations must be
performed with meticulous care as negligence at either stage
can vitiate the value of the record.

All field dgta shall be examined critically with the object of
uncovering[any anomalies which may exist or rejecting data
which is eyidently erroneous and beyond valid correction.

changes in water-level which take place between readings,
whether these are observations of a gauge-oy readings from
an instrument chart, vary directly) with time. The
water-levels so obtained shall be cenverted {o discharge by
use of the station rating-tables” The ily means of
discharge shall be computed)separateiy. No discharges shall
be calculated from a daily'mean water-level.

The daily mean discharge shall then be dntered on the
office record of the’station, and all significant flood-peaks
shall also be entered on the record. Anndtations on the
record shallyalso indicate any day on ich the flow
suffered interference through weed growth, ice or
flood-debris.
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The stage-dischar

ANNEX B

CORRECTION FOR DISCHARGE IN UNSTEADY FLOW

ge curve for a single-gauge station gives the

The rate of change of stage dz

Py

may be obtained from

value of the ngrmal discharge, i.e. the discharge under
uniform steady-{low conditions for a given stage. The

discharge for a
than the normal
the falling stages.

Under certain
approximately th

from the nornL'[al

stage-discharge ¢

where
So is the 7
discharge;
vw isthe veld
dz .
_— the ti
ar s the timg

rticular level is greater with rising stage
discharge and the reverse is the case with

conditions, it is possible to compute
e true discharge (Q) of an unsteady flow
discharge (Q,) obtained from the
rve by using the following formula :

o {11)

ormal

slope corresponding to steady

city of flood-wave;

rate of change of stage.

The slope S, may be determined from observation of

gauges during cd
may be approx
Chezy's formula.

nditions of steady flow. Alternatively, it
imately computed from Manning's or

Tt

observation of the gauge installed for the purpoese;

The wave velocity is given by the formula

do
dA

Vw

1 d@
-y —
b dz
where

A is the cross-sectional area;

b is the surface*width at the cross-section;

be

dz
stage-discharge curve. The assumption is valid
rise or-fall of the flood is gradual, i.e. the rate
of'velocity or the acceleration head can be negle

can approximately  taken  frq

Another condition for the formula to be applicah
the velocity is not very high so that the velocity
also be neglected.

When a sufficient number of field measurer

.. (12)

m  the

vhen the
pf change
cted.

le is that
head can

hents of

acceptable family of calibration curves empirically by

discharge are available, it may be possible to eleblish an

evaluating the effect of the rate of change in stage
at one gauge, as a parameter.

easured
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ANNEX C

FAMILY OF CURVES GIVING THE STAGE-DISCHARGE RELATION

C.1 GENERAL

In practice, the calibration and correction curves may be

The plotting of the stage-discharge measurements, with the
value of fd!l (zg —z4), where zg and z, are the upstream
and downiream stages, respectively, marked against each
measurement, will reveal whether the relationship is
affected by variable slopes at all stages or is affected only
when the [fall reduces below a particular value. In the
absence off any channel control, the discharge would be
affected by the fall at all times and a correction is applied
by the fixdd or the “constant-fall’’ method {see section C.2
below); on|the other hand, however, when the discharge is
affected oply when the fall reduces below a particular
value, the {'normat-faill’”” method is applied (see section C.3
below).

C.2 CONSTANT-FALL METHOD

The calibrgtion curve Q = f(2) (equation 13} of single gauge
stations is here replaced by a calibration surface which is a
function df zg and z, and which may be theoretically
determined by measuring the discharges corresponding tora
large numbler of pairs of conjugate values zg, 4.

It can, nevertheless, be pointed out that for-the same
elevation Zg on the upstream scale, the ‘discharge is a
function of the fall H = 2z —z, (equation™14}, that is :

H
O=Onf "-,—
n

measured-discharge;

... 18)

where

Q ist
Q,, is the constant-fall discharge at the same stage;

H is the fall‘eorresponding to the measured stage;

determimed-by successive approximations, By means of the

following procedure :

On a graph, record the measured.discharge§ Q in terms of
the elevation on the upstream.scale zg,| then adapt a
reference fall H,, chosen as far.as possibie from among the
most frequent ones, and.-then by guesswork trace among
the experimental points-the' curve Q, = f(zg)) (see Figure 4}
corresponding to  this— fall, and passind through the
experimental points:

This may be aided by the fact that as a first|approximation

Q H H\1/2
— =f{ — )= —
Q, H, H,

From this curve, it will be possibie to deternfine the ratio

a_(H
Q, Hp

and thus, by successive attempts, the calibration curve
Q,, = f (zp) can be adjusted (see Figure 6).

... 18)

{see Figure 5)

Direct measurements of discharge should ag far as possible
cover simultaneously the whole range of |discharges and
stages.

C.3 NORMAL-FALL METHOD

This method is useful if the usual simple ratjng is applicable
at sufficient falls when backwater effect is }bsent, while for

low falls the discharge is affected by backwater. Critical
values of the fall dividing these two regiong are termed the

H,, is the selected constant fall (arbitrary).
It would, therefore, be easy to trace

a) the calibration curve Q, = f(zp) (equation 16) of the
upstream scale for a constant arbitrary value H, of the
fall H between the two scales;

b) the correction curve Q =f H {equation 17) of
Q, Hn

“relative discharges’’ in relation to “relative falls".

“normal fall’”’. The value of ""normal fall”" at any discharge
can be determined by studying the plot of stage against
discharge. The points at which backwater has no effect will
group at the extreme right. This is the simple rating curve
(see Figure 7). A plot of the normal-fall values from this
curve is made and the corresponding stages are derived (see
Figure 8). This permits of drawing a curve of discharge
ratios where normal fall is used in place of constant fall (see
Figure 9). The rest of the procedure is similar to that of the
constant fall method (section C.2).
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Gauge height
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26 gf:;z r}:;t to points 0,96
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FIGURE 4 — Relationship Q,, = f (zg) for unit fall #, = 1
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