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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 ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedpres—tsed—to—develop—th CHeRt—at ose—intendedforitsfurthermaintenanee are
described i1} the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordande\with the
editorial rules of the ISO/IEC Directives, Part 2. www.iso.org/directives

Attention is|drawn to the possibility that some of the elements of this document may be the subject of
patent rightk. ISO shall not be held responsible for identifying any or all such patent rights. Details gf any
patent rightjs identified during the development of the document will be in the Introduction and/pr on
the IS0 list ¢f patent declarations received. www.iso.org/patents

Any trade npme used in this document is information given for the conyvenience of users and doefs not
constitute ah endorsement.

For an explanation on the meaning of ISO specific terms and\expressions related to conformity
assessment)as well as information about ISO’s adherence to the W.FO principles in the Technical Barjriers
to Trade (TBT) see the following URL: Foreword - Supplementary information

The commiftee responsible for this document is ISO/TC 183, Hydrometry, Subcommittee SC 1, Velpcity
area methodls.

ISO 18365 dancels and replaces ISO 1100-1:1996 and ISO/TR 8363:1997, which have been merged and
technically revised.
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INTERNATIONAL STANDARD

ISO 18365:2013(E)

Hydrometry — Selection, establishment and operation of a
gauging station

1

Scope

This International Standard gives requirements for the establishment and operation of a gauging station

for theTeasUTenTeTt Of Stage, Or Stage and diSTITarge, of a 1ake, TeServoiT,; TIVer or carat or ot

open| channel. It also describes how a gauging station utilizing one of the measurement.mg
should be operated and maintained.

Reqyirements are provided for stage only measurement stations, stage-discharge-station:
discharge measurement stations in natural channels, as well as for stage~discharge st
artificial structures. Additionally, some requirements are given for measurements un
condjitions, such as under ice conditions.

2
The

Normative references

following documents, in whole or in part, are normatively referenced in this docunj

indigpensable for its application. For dated references, only the edition cited applies. |
referfences, the latest edition of the referenced document (including any amendments) appl

ISO 172, Hydrometry — Vocabulary and symbols

Terms, definitions and symbols

For the purposes of this document, the terms, definitions and symbols given in ISO 772 app

her artificial
thods listed

and direct-
ations with
Her difficult

ent and are
For undated
es.

—

y.

Pquirements

4 General requirements.and considerations
4.1 | Requirements

Before commencing workon establishmentand operation ofagauging station, the followingre
shalllbe identified:

a) tfange of levels required to be measured;

b) fangeefflows required to be measured;

c) ¢ustomer’s requirements for type of data;

d) customer’s requirements for timeliness of data;

e) allowable uncertainty in the results;

f) other potential users of the data;

g) life expectancy of the station;

h) available budget;

i) agreements for access to land and construction permits.

© IS0 2013 - All rights reserved
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4.2 Other constraints

In addition to the requirements as in 4.1, other constraints shall be identified including the following:
a) local environmental issues;

b) accessibility of the site under all conditions of flow;

c) availability of power and communication links;

d) stability of the watercourse embankments;

e) stabilityof thie watercourse bed;

f) identifi¢ation of any proposed hydraulic modifications planned for the future;
e.g. bridges| tunnels (including pipe crossings), harbours or piers;

g) potential of vandalism;

h) influenge of submergence of the gauging site due to downstream impounding
structures (llakes, dams, weirs);

i) potential stream losses in karst areas;

j) aquaticjweed growth in the watercourse;

k) ice conditions during winter in cold and arctic regions.

Knowledge pf the above requirements and local constraints will ensure the provision of appropriate
measurement and recording facilities as well as the adoption of an appropriate maintenance philospphy.

5 Water|level (Stage) only gauging stations
5.1 Preliminary survey and selection criteria

5.1.1 Gengral

The site selgcted for determination of stage shall be selected according to the purpose for which the
readings ar¢ required. Accessibility of the site and the availability of an observer if the gauge is fo be
non-recordihg are important criteria as is the availability of an appropriate power supply and|data
communication capabilities if the gauge is to be recording.

Gauges on lgkes anid reservoirs are normally located near the outlet, but shall be located sufficient]y far
away from thezohe where an increase in velocity causes a drawdown in water level. Gauges on |arge
bodies of watershall also belocated so as to reduce the effect of strong winds which may cause mislegding
data which may not be representative of the body of water being measured. Hydraulic conditions
(preferably a sufficiently long uniform stretch of water channel with uniform bed topography) are
important factors in site selection in open channels, particularly where water levels may later be used
in the computation of discharge. To ensure repeatability of the readings, ideally a bed or channel control
shall be present, which itself shall be stable and sensitive to changes in the level of the water. For the
purpose of monitoring water levels e.g. for flood warning purposes, this may not be a strict requirement.

5.1.2 Preliminary survey

A detailed examination of a 1:50,000 or larger scale map of the area is required in the first instance.
Aerial surveys, satellite imagery, or maps available in the public domain such as Google Earth can be
used as a basis for selecting potential sites, which can then be evaluated more precisely by ground
reconnaissance. This will include a detailed visual examination. Enquiries shall be made to determine
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whether or not any plans exist for the modification of the river reach which would modify the stream
bed regime and would have an impact on the proposed gauging station.

Enquiries shall also be made into any known past flow history including low water events, floods and
other high water events, existence of any overflow area leading to flow by-passing the site, and very
importantly, any knowledge of bed instability.

It may be appropriate to discuss and outline proposals at an early stage with the owners of the site
identified to ensure they are amenable to the proposed installation.

Surveys of channel geometry and flow velocity patterns using an Acoustic Doppler Current Profiler may
prov de useful information

Collgction of data from hydrometric measurement stations is dominated by the use.of telemetry;
availpbility and quality of methods of data transmission shall be investigated.

5.1.3 Selection criteria

A list of potential sites shall be established with their advantages and disadvantages idgntified. Site
seledtion can then be made according to the criteria identified in Clatise" 4. The establishment of the
gauge zero shall be chosen so as to avoid negative readings. Thus it shall be set well below thg level of the
control feature. This zero point shall be correlated with a national datum through a statior] benchmark
and $hould be checked annually with respect to this benchmafk.*This will ensure that, should loss or
damage to the reference gauge occur, it can be replaced at exactly the same level.

The benchmark itself shall be checked regularly in order’to’confirm that it still represents [the national
datum. The frequency of such checks shall be dependerition local soil dynamics.

5.2 | Stage measurement and recording

5.2.1 General

The reading of stage may be requiréd-as a single instantaneous measurement, as a short series of
instgntaneous measurements or as‘a continuous or practically continuous record of the flyctuations of
stage. The basis of any of the abeve shall include the installation of a vertical staff gauge, a famp gauge,
or a yire-weight gauge.

5.2.2 \Vertical staff gauge

A vertical staff gauge)Comprises a scale (normally 1 metre in length with graduations or scale divisions
of 5 ¢or 10 mm) matked on or securely attached to a suitable and stable vertical surface. The¢ gauge shall
be made of matérial with a low coefficient of expansion. Where the range of measurement required
exceeds the-¢apacity of a single vertical gauge, other gauges shall be installed on the ling¢ of a cross-
sectipn moymal to the direction of flow. The scales on such a series of stepped staff gauges ghall overlap
by ngtdess than 15 cm in order to safeguard continuity of readings and also to confirm their|consistency
witheacirotier:

5.2.3 Ramp or inclined gauge

A ramp or inclined gauge consists of a scale marked on or securely attached to a suitable and stable
inclined surface, which conforms closely to the contour of the river bank. The gauge shall be made of
material with a low coefficient of expansion. Throughout its length the gauge may lie on one continuous
slope or may be a compound of two or more slopes. The gauge shall lie on a line of a cross-section normal
to the direction of flow.

5.2.4 Wire or tape weight gauge

A wire or tape weight gauge consists of a weight which is manually lowered until the weight touches
the surface of the water. The wire or tape may be wound on a drum attached to a winding mechanism
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or it may be a hand reel. The wire or tape gauge can be equipped with electrical contacts to improve
measurements, when there is a large vertical distance between the measuring point and the water

surface.

5.2.5 Other methods

It may be appropriate in some cases to use alternative methods for single or continuous determinations
of water level. Such methods, including maximum level gauges, are described in ISO 4373.

5.2.6 Stage recording

Customer réquirements shall dictate the method of recording stage. It may be that a single recofrd of

stage taken|daily and read manually will suffice in which case a suitable person to do this werk:sh
be identifieq.

It is more cqmmon to provide a continuous record of stage utilizing water level sensors;-such as f
pressure transducers, and echo sounders, interfaced with a digital recorder (loggéror telemetr
analog recofder (chart). Details of such systems, including the use of stilling wells, can be foul

ISO 4373.
avoid or re

When a recq
performanc
of such chec
maintained

Comments
conditions,

The frequen
site visit shd

6 Stage-
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dern gauging stations typically have two independent systems for stage measurems
ce data losses.

rder is used, visits by the observer should be made from timfe’to time to ensure satisfa
b of the sensor and recorder. It is recommended that the-observer notes the time and
ks along with the staff gauge and recorder values. It issessential that the staff gauge it
in such a way as to be safely accessible and directly legible to the observer.

bn the state of the channel, river banks, presence of any obstruction, prevailing
ptc. shall also be noted.

cy of such visits shall be subject to country-specific requirements but it is important
1l follow a major hydraulic event to cortfirm continued measurement and recording of

discharge gauging stations

ral

s of water level are-to.be used as a basis for computation of discharge, the relation bet}
ind flow must be-determined.

hannel withsanvappropriate control feature which is stable and sensitive, a single rel
etween water level and discharge. In this case, the relation can be determined by tg
easuremients throughout the range of levels and flows required to be measured.

niques are available for this purpose including, but not limited to, current meter gat

ould

oats,

y) or
hd in
nt to

Ctory
date
elfis

flow

hat a
data.

ween

htion
king

Iging
ansit

uging (see 1SO 748), dilution gauging (see ISO 9555-1, ISO 9555-3 and ISO 9555-4), t

time acoustic methods (see ISO 6416), Doppler velocity meters (see ISO 15769), electromagnetic current

meters (see

ISO/TS 15768) or acoustic Doppler current meters (see ISO/TR 24578).

The frequency of any maintenance or operational performance shall be such that the accuracy and

timeliness o

f data provision meets the user’s requirements.
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6.2 Main elements of a stage-discharge gauging station

6.2.1 General

The main elements required for the purpose of determining discharge in a stream from water level
records are as follows:

a) astage measuring device (see 5.2.1);

b) astage sensing and recording device (see 5.2.6);

c)

d) 4 section suitable for discharge measurements (see 6.1 and 6.2.3);

e) dlischarge measurements for defining a stage-discharge relation (see 6.2.4).
6.2.2 Control section or control reach

A conmtrol section or control reach of a channel is a natural or artificial Section or reach wh
characteristics can be measured and used to determine the relationship between stage anc

pse physical
discharge.

Inad

of th

It shi
of th
the 1

Moré

particularly when the range of levels and flows is substantial. For example, under certain floy

a doy
been

The s
resu

ontrol section any change in the stage downstream of the control does not affect the sta
e control. Whatever the discharge in the control section,@critical stage can be determ

1l be stable, i.e. no change shall occur over time to its.physical characteristics. Regula

lationship between stage and discharge at this'site.

than one control section may be requiredfor discharge measurement at one gau

vnstream control reach may create a water level which submerges an upstream wei
acting as a control.

ensitivity of a control section or'reach shall be such that any significant change in dis
t in either a measurable change in stage (for control sections) or a measurable chang|

e control section shall be carried out to ensure thatno changes have taken place which

be upstream
ned.

[r inspection
would alter

ping station
v conditions
Ir which had

charge shall
e in stage at

one gxtremity of the control réach.

6.2.3 Section suitable for discharge measurements

bection shall
e measured.
the range of

Regardless of the method of measurement, the discharge through the discharge measuring

be the same as thediScharge normal to the reference staff gauge, over the range of flows to b
Different measuring sections or different methods of measurement may be used to cover

flow$ required-

A full description of a site suitable for measurement of discharge using current meters| or floats is
given in’1SO 748 Site requirements for dilution gauging are given in 1SQ 9555 Parts 1 and 4. Site
requirements for the application of acoustic transit time velocity measurement techniques are given in
ISO 6416. Site requirements for the application of acoustic velocity meters using the Doppler and echo
correlation techniques are given in ISO 15769. Site requirements for the application of electromagnetic
techniques are given in ISO 9213.

6.2.4 Discharge measurements

Discharge measurements using the above techniques shall be related to a stage reading taken at the
beginning and end of the discharge measurement and during the measurement if the stage is changing
rapidly or inconsistently. When sufficient numbers of discharge measurements have been taken, a
stage-discharge relationship can be computed (see ISO 1100-2). Subsequent to the formulation of this
stage-discharge relationship, only occasional discharge measurements need be taken at flows in the
normal range to confirm the robustness of the relationship unless the site is subject to shifting control
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conditions. Opportunities should be taken to carry out discharge measurements in extreme events in
order to extend the stage-discharge relationship.

Discharge measurements made using the velocity-area methods can be performed using rotating-
element current meters, electromagnetic current meters, acoustic Doppler velocimeters, or acoustic
Doppler current profilers. These can be made by wading the stream or small river with the meter
mounted to a wading rod or by suspending the meter and a sounding weight from a bridge, cableway
(see ISO 4375) or stationary boat. Velocity-area methods using floats are another option when the
presence of floating debris or very turbulent conditions precludes the use of current meters. Acoustic
Doppler current profilers deployed from powerboats, remote-control boats, or tethered rafts also can
be used (see ISO/TR 24578). Tethered rafts typically are deployed from bridges or cableways. Another
variation of[Velocity area methods 1s the slope-area metho flood
discharge indirectly by surveying the cross-sectional properties and water-surface profile after the
flood (see I$0 1070). The applicable conditions for using the different equipment and techniquef are
listed in Anpex-A.

Where a pre ction

shall be che

-surveyed cross-section is used for the purpose of discharge measurement, then the se
cked following any major hydraulic events e.g. over and above a bank fulkflow.

6.2.5 Tra¢er dilution methods for measuring discharge

Dilution ted
turbulent sf

hniques using chemical or fluorescent tracers can be uséd in small and medium-fized
reams, which do not have suitable reaches for makingya.discharge measurement fising

velocity-are

h methods. See Table A.1 for applicable conditions.

7 Stage-|discharge gauging stations using hydraiilic structures

7.1 Genepal

When physifal and hydraulic conditions permit,.an artificial control consisting of a fixed, undeformable
hydraulic sfructure may be constructed. Thésstage-discharge relation shall then depend on the
geometrical|characteristics of such a structure‘and shall be defined by either

a) the application of the relevant International Standard or

b) by calibration using other metheds.

7.2 Site selection

A preliminaty survey shall-be made of the physical and hydraulic features of the proposed site to ¢heck
that it confofms (or may be constructed or modified so as to conform) to the requirements necessary for
measurement of discharge by the structure as specified in the relevant International Standard.

If the site dges-not possess the characteristics necessary for adequate measurements, or if an inspegtion
of the watercourse shows that the vp]nr‘ify distribution in the qpprnqrh channel deviates substan 'ia]ly

from uniformity, the site should not be used.

7.3 Types of hydraulic structures

There are a number of hydraulic measuring structures which are the subject of International Standards
and these are listed below and in Annex -A.

a) thin-plate, sharp crest, v-notch weirs;

b) thin-plate, sharp crest, rectangular weirs;

c) broad-crested weirs with a sharp upstream edge;

d) broad-crested weirs with a rounded upstream edge;
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e) triangular profile weirs;

f) streamlined, triangular profile weirs;

g) triangular profile, flat-V weirs;

h) v-shaped, broad-crested weirs;

i) trapezoidal profile weirs;

j) rectangular flumes;

k i N B |
) HdpTcZuludl TTUILICS,

1) i-shaped flumes;

m) IParshall flumes;

n) $ANIIRI flumes;

0) rectangular free overfalls;

p) mon-rectangular free overfalls;

q) Vertical underflow gates;

r) ¢ompound gauging structures.

The ¢hoice of structure may be influenced by the criteridset out in Clause 4 and ISO 8368. Str

have

Non-

negative ecological or environmental effects on‘the natural stream channels should b

standard structures are also permissible provided they are calibrated by an approve

combination of different structures is also permissible.

Normally a water level recorder is installedto provide a continuous record of stage from whi

can
Stan

be computed. The position of the water level sensor is discussed in the relevant I
Hard.

8 Velocity-discharge gauging stations

8.1

Applications and types of instrument

Conventional metheds of flow measurement using stage-discharge relationships from

chan|
chan|
cons
the fi

Izel rated-sections or calibrated structures are not always feasible. This may be
el sizexunstable stage-discharge relationships, or other physical, hydraulic, or en
derations (such as aesthetic, navigation and fisheries impacts) and costs. This claus

uctures that
b avoided.

d method. A

ch discharge
hternational

either open
because of
yironmental
b deals with

bllowing acoustic and electromagnetic velocity measurement techniques.

a) Transit time (ISO 6416)

b) Ultrasonic Doppler

— bed mounted systems (ISO 15769)

— side looking systems

c) Acoustic (echo) correlation velocity meters (ISO 15769)

d) Electromagnetic river flow gauges (ISO 9213)
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8.2 Site selection

For velocity-discharge gauging stations a control section or reach is not normally necessary unless a
simple head raising device is required to maintain a minimum depth at low flows. Thus they provide a
means of stream flow measurement without obstructing either the flow, navigation or the passage of
fish. The following are general selection criteria for velocity-discharge stations. Specific site selection
criteria for each type of instrument are described in the appropriate standard.

a) The channel at the measuring site shall be straight and of uniform cross-section and slope in order
to minimize abnormal velocity distribution. When the length of the channel is restricted, it is
recommended that the straight length upstream shall be at least twice that downstream;

b) Flow difections for all points on any vertical across the width shall be parallel to one another alnd at
right anjgles to the measurement section;

c¢) The bed and margins of the channels shall be stable and well defined at all stages of fl6w in order to
facilitate accurate measurement of the cross-section. The cross-section shall be conistant with fime;

d) The curjves of the distribution of velocities shall be regular in the vertical apd horizontal plarjes of
measurgment;

e) Sites digplaying vortices, reverse flow or dead water are best avoided;
f) Sites abpve moveable weirs shall be avoided;

g) The floy in the measuring reach should be tranquil i.e. highlyturbulent sections, where there is
visible white water and significant waves, should be avoided;

h) There ghould be a suitable cross-section for making, discharge measurements at, or within an
acceptaple distance from, the instrument location.

8.3 Calibration

With the exdeption of multi-path transit timemltrasonic systems with a significant number of operatjional
paths (see 8]4) all the devices covered in thisclause require calibration.

Forsingle, of limited path time of flight; ultrasonic Doppler and echo correlation systems the instrunents
only measufe velocity in part of the gross-section. As such, the measured velocity needs to be re]ated
to the mear] velocity in the medsuring section for any given stage and flow. A relationship between
stage and cfoss-sectional areais also required. In order to establish such a relationship independent
measuremets of discharge-afé made using a gauging technique such as current meter gauging. Velo¢ities
and stage repdings are to’henoted. If the discharge obtained by gauging is divided by the cross-sectjonal
area at the pelocity sewsing device i.e. the area obtained from the stage-area relationship, the mean
velocity in the instrument measuring section is obtained. A relationship can then be derived to optain
the mean veglocity-from the measured velocity. The measured velocity is often referred to as the :'Fldex

velocity. There’are two types of relationship that are commonly used, i.e. mean velocity as a function of
index velocity er mean velocity as a function of both index velocity and stage

The electromagnetic river flow gauge estimates the mean velocity in the entire cross-section, but
the theory on which the gauge is based does not totally translate into reality. Therefore, the factory
calibration may need adjusting. The calibration requirements are described in ISO 9213.

8.4 Transit time (acoustic) method

The technique is based upon the principle that the time taken for sound pulses to be transmitted
through flowing water, over a known distance, is different to the time taken for the pulse to travel the
same distance when that water is stationary. When pulses are transmitted at a known angle to the
direction of flow the velocity of the pulse in the downstream direction will be increased by the effect of
the velocity of the flowing water. The velocity of the pulse in the upstream direction will be decreased.
The difference in the travel times in each direction between the same points will be proportional to the

8 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=868d062c873fb22eb1b945b71eb1203a

ISO 18365:2013(E)

vector component of the water velocity along the “flight path” taken by the signal. When the component
of the water velocity along the “flight path” has been obtained the water velocity along the line of flow
can be calculated using the known angle of the flight path with respect to the direction of flow. The
pulses of sound are transmitted and received by ultrasonic transducers located diagonally opposite each
other on each bank of the watercourse. Reflector systems can be used whereby the far bank transducers
are replaced by a passive reflector. This obviates the need to take cables across the river. Cross-path
systems are often installed where skew flow is a problem. This is when lines of transducers are installed
diagrammatically opposite each other to compensate for any errors in the determination of the angle
between the line of the transducers and the flow direction which is required to estimate the velocity
normal to the measuring section.

irmaples of the method together with the requirements 101 the Selection ol SIte, design, g
peration are described in ISO 6416.

Doppler

The onstruction

and

8.5

This
Shift
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of ‘Doppler
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velocity measurement technique, and thus flow estimation, is based ontthe principlg
which describes the difference, or shift, in the frequency of sound waves as they are re|
a moving body:.
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bensors of Doppler systems normally contain a transmitting and a receiving device. A
bh frequency is transmitted into the flow of water and is refl€cted back at a different f|
particles or air bubbles (reflectors). The ‘shift’ between/transmitted and reflected fr
prtional to the movement of particles relative to the position of the sound source (i.e.
Felocity of the particles is assumed to be the same ds‘the velocity of the water along t
b particles.

opplers fit into one of four general categories, based upon the method by which the mgasurements

nade:

¢ontinuous wave Dopplers;

|

gpread spectrum or broadband.

ulsed incoherent profiling Doppléts{including narrow band);

ulse-to-pulse coherent;

The last three of these four-€ategories are all range gated. Range gating breaks the signal intjp successive

segnj

mea

thel
(ADC

wav

mou
acro

ents and procegses’each segment independently of the others. This allows the in
ure the profileofthe velocity at different distances from the instrument, with precise K
pcation of edeh-velocity measurement. Side looking/horizontal Acoustic Doppler Curr
Ps) use this approach as do several of the more sophisticated bed mounted devices,
Dopplersare usually bed mounted devices whereas the other three types can either b
hted. The former tend to sample vertically upwards whereas the latter tend to sample
bs'the channel.

q

q

strument to
nowledge of
bnt Profilers
Continuous
e bed or side
horizontally

The applicability of a Doppler system will be dependent on instrument design, the nature of the site
where measurements are required and the operational experience of the user. However, the following
are provided as a general guideline:

a) continuous wave bed mounted Dopplers: Typically channel widths of 0,5 - 3,0 m and depths of 0,1 -
2,0 m;

b) bed mounted profiling/ADCP Dopplers: Typically channel widths of 0,5 - 5,0 m and depths of 0,2 -
4,0 m;

c) horizontal ADCPs/side-lookers: Channel widths of 0,5 - 500 m and greater and depths of 0,5 to 50
m.
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There are a number of factors that should be considered in selecting a site, which may influence
performance at a chosen location (see ISO 15769 for details).

8.6 Acoustic (echo) correlation velocity meters

The echo (cross) correlation velocity meter is very similar to a bed mounted Doppler in terms of size
and shape and application. However, even though it is dependent on transmitted sound pulses being

reflected ba

ck from moving particles in the water it works on a somewhat different principle.

An ultrasonic transducer transmits a short ultrasonic pulse (or pulse code) into the water. These pulses
are reflected by particles or air bubbles. The reflected ultrasonic echo from the first pulse is received as

a characteri
ultrasonic p
the second {
the position|
the echo pa
correlation

temporal m|
flow for this
velocities at
column in f1
in the vertid

The princip

pvement of the pattern under consideration can be directly converted to the veloc

particular beam. The process is repeated a large number of timés,per second and s
different distances are computed in real time. The instrument effectively divides the v
ont of it into a number of cells so it is possible to accurately,détermine the velocity pi
al.

s ofthe method together with the requirements for theselection of site, design, constru

|
and operatifn are described in ISO 15769.

8.7 Elect

The Electro
conductor n

In the Elect
either above
moves throt
The faster t
velocity in t

romagnetic method (Full channel width coil)

magnetic gauge operates on a principle sithilar to that of an electric dynamo. If a leng
joves through a magnetic field, a voltageis generated between the ends of the conduct

romagnetic gauge, the magnetic fiéld is generated by a horizontal coil, which is inst]
or below the river, canal or othér water body. The conductor in this case is the fluid, W

he fluid moves the greater'is the voltage generated. The technique integrates the e
he cross-section to produce’a mean velocity.

The princip

s ofthe method together with the requirements for the selection of site, design, constru

|
and operatifn are describeddn\SO 9213.

9 Measu

rementander difficult conditions

tic pattern. This is digitized and stored as the first scan of the dated echo pattern. An¢ther
ulse is then transmitted and the incoming echo patterns are digitized and storeds This is
can pattern. Using the travel time difference between the transmission and reception fime,
of the particles in the flow cross-section can be determined. By means of cross-Correlation
[terns are checked within a number of different time windows for agreemient. The cjross-
hlso delivers the temporal movement of the characteristic pattern in thesécond scan.|This

ty of
ingle
yater
rofile

ction

th of
DI

alled
rhich

gh the magnetic field. The small-voltages generated are sensed by electrodes on either bank.

ntire

ction

9.1 Ice aTd frost conditions

9.1.1 General

Weather conditions such as ice or frost can impede the operation of the stage-sensing device or recorder
thus affecting the stability of the stage-discharge relationship.

9.1.2 Still

ing well

Any stilling well and inlet pipes shall be constructed in such a manner that the system will remain in
operation during periods of freezing temperatures

9.1.3 Diaphragm pressure sensor

Precautions

10

should be taken to protect a diaphragm pressure sensor under ice conditions.
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Weed growth

Weed growth in a watercourse can change the hydraulic flow conditions in the measuring reach, and
hence the stage-discharge relationship. Seasonal plant development may make it necessary to correct
computed discharge data in order to follow the variation in the stage-discharge relationship. This can
be achieved by carrying out sufficient current meter or other flow measurements to allow the deviation
to be calculated. In some cases the weed growth patterns may change in such a regular and repeatable
pattern that a seasonal stage-discharge relation may be defined.

9.3

Extreme sedimentation conditions

Care|has to be taken to prevent or remedy significant siltation of the inlet tube and/ or the
itself. The risk of siltation is very much dependent on local conditions.

The

condjfitions and more frequent measurements typically are required to define-afamily of

(see

10

SO 1100-2 and ISO/TR 11332).

Qperation and maintenance

10.1 General

The

level of operational maintenance given to hydrometricmeasurement stations will be {

to the uncertainty in the end product, the level or flow being measured. This level will vai
to th criteria set out in Clause 4.

10.24 Water level (Stage) only gauging statiens

The
a)

following operation and maintenance itéms shall be considered:
maintenance of the agreed access te'the site including safety;
¢leaning of staff gauges;

flushing and desilting of stilling wells;

data recording equipfnéent maintained according to manufacturer’s manual;

performance cheeking of data loggers and/or telemetry;

performancechecking of water level sensors (dual sensors may be installed for resilienc
¢alibratienywhere necessary;

availability of spare equipment should a fault be identified;

stilling well

ttage-discharge relations of stations operated in alluvial channels are subje¢t to shifting-control

shift curves

roportional
y according

e) including

coitnofan ilis fce an t nd a age dsig hgnral u
to public safety;

tion datum,
c of any risk

arecord of site checks carried out with any actions clearly recorded. A copy of this shall be retained

on site.
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10.3 Stage-discharge gauging stations

Most of the stations which fall into this category will have water level measurement facilities as part of
the equipment. Operation and maintenance of this equipment should be as in 10.2. In addition to this, the
following actions are essential.

a)

b)

10.4 Stage-discharge gauging stations using hydraulic structures

Regular flow determinations shall be carried out and related to the water level at the time of
measurement. Methods which can be used are listed in 6.1. The frequency of these measurements
will probably decrease with time after a stage-discharge relationship has been confirmed. Further
measurements shall be carried out should any doubt exist about the accuracy of the stage-discharge
relationship and also after a bankfull or higher flood event.

The control feature described in 6.2.2 shall be inspected at regular intervals and again after any
high flow event. Any damage or disturbance to a natural or artificial control including ¥egetption
or weedl growth affecting the performance of the control shall be reported to the.nesponsible
supervigor or office, so that remedial action can be taken.

Any factors affecting the modularity of the control feature, such as changesito-the river regime
downstfeam of the control feature, shall also be reported with particular reférence to weed gropwth
in the channel.

Most of the gtations which fall into this category will have water leyvel measurement facilities as part of
the equipmgnt. Operation and maintenance of this equipment should be asin 10.2. In addition to thi, the

following adtions are essential.

a)

b)

<)

d)

e)
f)

10.5 Velogdity-discharge gauging stations

The crept and wing walls of any structure shall be kept as free as possible from algal growth which
can affelct the accuracy of level measurement, thus affecting the computed flow;

The approach channel shall also be kept free of.éxcessive sedimentation and weed and other aquatic
growthifor a distance of four times the channel width;

Checks pfthe downstream water level shall be noted to ensure that the structure is operating ynder
modulaf conditions;

Flow determinations using any pf'the methods listed in 6.1 shall be carried out to confirm the s§age-
discharge relationship;

Checks pf the dimensions‘and datum values of the structure shall be carried out periodically;

An engipeering assetinspection shall also be carried out periodically.

Most of the $tations which fall into this category will have water level measurement facilities as part of
the equipme nt ﬂpnrqfinn andmaintenanceofthis nquipmnnf should beasin 102 Inadditiontothi 5, the

following actions are essential.

a)

b)

12

The bed and cross-section of the measuring reach shall be checked at regular intervals and again
following bankfull or higher flow events. Changes identified which are likely to cause inaccurate
flow determination shall be followed by changes to the equipment software to eliminate this;

Weed growth in the channel which might affect the performance of an ultrasonic or Doppler type
gauge should be cleared out. In addition, with an ultrasonic flow gauge, any vegetation which is
likely to interrupt the signal reception of paths which are currently above water level should be
removed;

Occasional flow determinations shall be carried out using one of the methods listed in 6.1 to confirm
the performance of the equipment.
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Annex A
(informative)

ISO 18365:2013(E)

Applicable conditions for selection of discharge measurement
method

Table A.1 — Applicable conditions for selection of discharge measurement method
Method Relevant Width | Depth |Velocity | Sediment| Approach | Time | Approximjte | Comment
. Minimum
Standard Load Condition | Factor Uncertainjty
%
Velocjty-area methods
Rotatfing-element or
electfomagnetic cur-
rent meters
Wading ISO 748 L,M,S S S b,c,d J,K 5 AB
Bridgg or cableway 1SO 748 L,M,S L,M,S L,M,S b,c,d J,K 5 A,B,C,D
Boat 1SO 748 LM,S LM L,M,S b,c,d LK 5 AB,CE
Acoustic meters
Wading ISO 748 L,M,S S S b,c,d J.K 5 AB
Remote-controlled or ISO/TR 24578 L,M,S LM ,M,S b,c,d J,K 5 E
powefrboat
Tethefed raft ISO/TR 24578 | L,M,S LM LM,S b,c,d J.K 5 E
Floatg ISO 748 LM,S | ~I5M,S L,M,S b,c,d 1K 10
Slopefarea method IS0 1070 LM LM LM b,c,d K,N 10 Q
Dilutjon method
Chem|cal tracer ISO 9555-1{ M,S M,S M,S cgk K 5
1SO 9555%3¢
ISO/TR¥1656
Fluor¢scent tracer S0 9555-1, M,S M,S M,S cgk K 5
1SO 9555-4,
ISO/TR 11656
Strucfures
Thin-platessharp crest, I1SO 1438 S S S I a,b,ej 1,.G 1
V-not¢h'weir
Thin-plate, sharp crest, 1SO 1438 M,S S S I a,b,e fj 1,G 3
rectangular weir
Broad crested weir with 1SO 3846 M,S S M,S I a,b,e fj 1,.G 3
sharp edge
Broad crested weir with ISO 4374 M,S S M,S I a,b,eh,j .G 5
rounded edge
Triangular profile weir IS0 4360 M,S M,S M,S I a,beh,j 1,.G 5
Streamlined, triangular 1S0 9827 M,S M,S M,S I a,b,ej 1,.G 5
profile weir
Triangular profile, flat- IS0 4377 M,S M,S M,S I a,b,ej .G 5
V weir
© IS0 2013 - All rights reserved 13
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