INTERNATIONAL

STANDARD

ISO

1100-1

Second edition

1996-02-15
Measurement of liquid flow in open
channels —
Part 1:
Establishmentzand operation of a gauging

station

Mesurage de débit des liquides dans les canaux découverts

Partie1: Etablissement et exploitation d'une station hydrométrique

8

Iy

Reference number
ISO 1100-1:1996(E)


https://standardsiso.com/api/?name=a5e9fdebe1ad21b013d209e61cc351e4

ISO 1100-1:1996(E)

Forewor

ISO (the In
federation o
of preparing

technical co
which a tec

represented
and non-gov
collaborates

(IEC) on all n

Draft Interna

circulated to

Standard req

a vote.

International
ISO/TC 113

area method

This
(ISO 1100-1

ISO 1100 ¢
urement of

— Part 1

— Part 2;

Annex A of

© ISO 1996

Secoll

rnational Organization for Standardization) is a worldwide
national standards bodies (ISO member bodies). The work
International Standards is normally carried out through SO
nmittees. Each member body interested in a subject for
hnical committee has been established has the right to be
on that committee. International organizations, governmental
ernmental, in liaison with ISO, also take part in the work. ISO
closely with the International Electrotechnical Commission
hatters of electrotechnical standardization.

tional Standards adopted by the technical committees_are
the member bodies for voting. Publication as an International
uires approval by at least 75 % of the member bodies casting

Standard ISO 1100-1 was prepared by Technjcal*Committee
Hydrometric determinations, SubcommitteenSC 1, Velocity
s.

d edition cancels and replaces: the first edition

1981), which has been technically revised.

pnsists of the following parts,\under the general title Meas-
iquid flow in open channels:

Establishment and operation of a gauging station
Determination ofthe stage-discharge relation

this part of SO 1100 is for information only.

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced

or utilized in an
microfilm, with

y form or by any means, electronic or mechanical, including photocopying and
out permission in writing from the publisher.

International Organization for Standardization

Case Posta

le 56 ® CH-1211 Genéve 20 ¢ Switzerland

Printed in Switzerland


https://standardsiso.com/api/?name=a5e9fdebe1ad21b013d209e61cc351e4

STANDARD © ISO

ISO 1100-1:1996(E)

Measurement of liquid flow in open channels —
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1 Scope

1.1 Th
ment a
measurg
reservoi

is part of ISO 1100 deals with the establish-
hd operation of a gauging station for the
ment of stage or discharge, or both, of a lake,
, river or artificial open channel.

1.2 Rgquirements are specified for stage and for
stage-dipcharge stations in natural channels and
stations| with artificial structures, for direct discharge
measurgment and for measurement under.i¢e condi-

tions.

2 NoFrmative references

The following standards contain provisions which,
through| reference in this te€xt, constitute provisions
of this gdart of ISO 1100, At'the time of publication, the
editions|indicated wergvalid. All standards are subject
to revis|on, and parties to agreements based on this
part of ISO 1%00 are encouraged to investigate the
possibillty of applying the most recent editions of the

ISO 1000:1992 %Slrunits and recommen
use of theirmultiples and of certain oth

ISO 1070:1992, Liguid flow measure
channeéls — Slope-area method.

Hations for the
er units.

nent in open

ISO© 1100-2:1982, Ligquid flow measurdment in open

channels — Part 2: Determination
discharge relation.

ISO 3454:1983, Liquid flow measure

channels — Direct depth sounding af

equipment.

ISO 3846:1989, Liquid flow measure

bf the stage-

ment in open
d suspension

ment in open

channels by weirs and flumes — Rectangular broad-

crested weirs.

ISO 3847:1977, Liquid flow measure

ment in open

channels by weirs and flumes — Endidepth method
for estimation of flow in rectangular channels with a

free overfall.

ISO 4359:1983, Liquid flow measure
channels — Rectangular, trapezoidal

ment in open
and U-shaped

standar@is-indicated below. Members of IEC and I1SO flumes
maintain registers of currently valild International
Standards.

ISO 31:1992, Quantities and units, all parts.

ISO 748:—", Measurement of liquid flow in open
channels — Velocity-area methods.

ISO 772:—2, Measurement of liquid flow in open
channels — Vocabulary and symbols.

1) To be published. (Revision of ISO 748:1979)
2) To be published. (Revision of 1SO 772:1988)

ISO 4360:1984, Liquid flow measurement in open
channels by weirs and flumes — Triangular profile
welrrs.

ISO 4369:1979, Measurement of liquid flow in open
channels — Moving-boat method.
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ISO 4373:1995, Measurement of liquid flow in open
channels — Water-level measuring devices.

ISO 4375:1979, Measurement of liquid flow in open
channels — Cableway system for stream gauging.

ISO 4377:1990, Liquid flow measurement in open
channels — Flat-V weirs.

ISO 6416:1992, Measurement of liquid flow in open
channels — Measurement of discharge by the ultra-

sonic (acoust

© ISO

5 Stage-discharge gauging stations
(natural channels)

5.1 Principle

Water levels (stages) of rivers, lakes or reservoirs are
used in delineating flood hazard areas, and in the de-
sign of structures in or near rivers, lakes or reservoirs.

c) method.

ISO 8368:1985, Liquid flow measurement in open

channels —

Guidelines for the selection of flow

gauging strugtures.

ISO/TR 9123:
open channe

1986, Ligquid flow measurements in
s — Stage-fall-discharge relations.

ISO 9196:1992, Liquid flow measurement in open

channels —t

conditions.

SO 9213:199
open channe
full-channel-w

ISO 9555-1:1

channels — ]

ment of stea

ISO 9555-2:1
channels —
ment of stea

ISO 9555-3:1
channels —
ment of stea

ISO 9555-4:1
channels —
ment of stea

Flow measurements under ice

2, Measurement of total discharge in
s — Electromagnetic method using a
idth coil.

D94, Measurement of liquid flow in open
[racer dilution methods for the measure-
Hy flow — Part 1: General.

D92, Measurement of liquid flow i open
[racer dilution methods for the measure-
Hy flow — Part 2: RadioactiveXracers.

092, Measurement of liquid flow in open
[racer dilution methods for the measure-
by flow — Part 3..€hemical tracers.

092, Measurément of liquid flow in open
[racer dilutioh~-methods for the measure-
Hy flow >>~APart 4: Fluorescent tracers.

Tl Y . 1 1 £ Y lal H

mre—Stage—or—water—Teveror—a steanTor—Tafe IS the
height of the water surface above an established da-
tum plane.

Water-level records are obtained by systenpatic ob-
servations of a reference gauge;~orf from a water-level
Sensor.

When records of water-level in streams afe to be
used as a basis for gomputation of dischargg, the re-
lation between stade and discharge should lhe deter-
mined.

In a stablexchannel with appropriate contrgl of the
downstream water level, a single relation npay exist
betwegéh stage and discharge. In this case| the re-
lation>shall be determined from discharge fneasure-
ments at selected stages throughout the fange of
Stage experienced at the station.

Discharges can be determined using either|velocity-
area methods according to ISO 748, tracef dilution
methods according to [SO 9555-1, IS(Q 9555-2,
ISO 9555-3 or ISO 9555-4, or ultrasonic methods us-
ing a temporary installation (see ISO 6416).

In the case where no single relation exists petween
stage and discharge, a relation may exist betyveen the
surface slope or fall, stage and discharge which may
require the establishment of a second stage (slope)
gauge. Relations shall then be established op the ba-
sis of these three factors, and discharge shall be de-
termined from measurements of surface slope and
stage (see ISO 1070 or ISO/TR 9123 as appropriate).

3 Definitions

For the purposes of this part of ISO 1100, the defi-
nitions and symbols given in ISO 772 apply.

4 Units of measurement

The units of measurement used in this part of
ISO 1100 are Sl units in accordance with the appro-
priate parts of ISO 31 and ISO 1000.

5.2 Main elements of a gauging station

The main elements required for establishing the his-
torical records of discharge in a stream from water-
level records are as follows:

— choice of control section or reach (see 5.2.1);

— stage-measuring device (see 5.2.2);
— stage-sensing and -recording device (see 5.2.3 and
5.2.5),
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— discharge-measuring section (or reach) (see
5.2.6).

For a stage-measuring station, the aim of which is to
establish stage records only, see 5.2.2 t0 56.2.4.

5.2.1 Control section (or reach)

A control section or control reach of a channel is a
natural or artificial section or reach whose physical
characteristics are measured and used to determine

ISO 1100-1:1996(E)

5.2.2.1 \Vertical and inclined staff gauges

Vertical and inclined staff gauges shall meet the
functional requirements described in ISO 4373, which
may be briefly summarized as follows.

a) The graduations of a staff gauge shall be clearly,
accurately and permanently marked directly on a
smooth surface. The numerals shall be distinct
and placed so that an ambiguous reading is not
likely.

the relation between stage (or stage and slope) and
discharge.

A contrgl section is one in which any change in the
downstleam stage does not affect the upstream
stage. Whatever the discharge in the control section,
a critica] stage can always be recorded. In a control
reach njo critical stage can be recorded. A control
section may be natural (e.g. a rock outcrop or sandbar)
or artifidial (e.g. a weir, flume or culvert).

The serjsitivity of a control section or reach shall be
such that any significant change in discharge shall re-
sult in dither

— a nmeasurable change in stage (for control
sect|ons), or

— a megasurable change in stage at one extremity of
the [control reach, and a measurable changg’in
surface slope between the two extremities:

In order to establish a stable stage-discharge relation,
the cortrol section or reach shall béxstable, i.e. no
changelshall occur over time in its(physical character-
istics.

Several| control sections niay be considered for dis-
charge measurement forfsone gauging station.

Under given discharge conditions, the presence of a
downstfeam weirymay create a water level which
submerges ansupstream weir used as a control sec-
tion. THis downstream weir may then be considered
as the pew) contro! section.

b) The gauges shall be durable and)eas$y to maintain.
The material shall have a low)cogdfficient of ex-
pansion, and shall be resistant to dlternating wet
and dry conditions and t0 wear or| fading of the
markings.

c) The gauges shall be placed near the bank, in an
easily accessible position, so that water level can
be read from the shortest possible distance.

d) The-gauges shall be simple to insta}l and use.

e) (The gauges shall be placed in a [calm area, as
close as possible to, and preferably in the same
cross-section as, the stage sensor,| without how-
ever affecting stage at this level. YWhen the am-
plitude of variation of stage cam exceed the
capacity of a staff gauge, other pdditional ele-
ments may be installed in the| same cross-
sectional area, normal to the direction of flow.

5.2.2.2 Other devices

In some cases, a reference-point gaugg with a device
for locating the water level with respe¢t to the refer-
ence may be substituted for a verti¢al or inclined
gauge.

Needle gauges may be used when leyel variation is
small (1 m max.) and when the water [surface is sta-
ble.

When it is not possible to install vert|cal or inclined

5.2.2 Stage-measuring devices

Stage-sensing and -measuring devices are the basic
elements of the equipment for measuring and re-
cording stage. They shall be stable.

A vertical or inclined staff gauge shall be located near
the stage sensor, to act as the reference gauge.

The water level indicated by the stage sensor should
follow the water level indicated by the reference
gauge.

gauges, wire-weight gauges may be used if a struc-
ture exists permitting their installation over the water.

The functional requirements and conditions of instal-
lation of these gauges are specified in ISO 4373.

5.2.2.3 Gauge-zero elevation (see |ISO 4373)

The establishment of the gauge zero shall be chosen
so as to avoid negative readings. To ensure that the
gauge zero remains the same over the duration of the
station operation, care shall be taken to ensure that it
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is fixed low enough, especially for sites where scour
is severe.

The zero of the gauge shall be correlated with a na-
tional datum through a station benchmark. The gauge
zero and the other gauge divisions should be checked
annually with respect to this benchmark.

This procedure allows replacement of the gauge in
case of destruction and maintenance of the same
stage-discharge relation provided the control section

© ISO

expensive or impractical. The principle of the sensor
consists of discharging a small flow of compressed
gas into a tube, the free end (orifice) of which has
been placed in the water and fixed at an elevation
below the level to be measured. The sensor at the
opposite end of the tube detects the pressure of the
gas, which is proportional to the head of water above
the orifice. Servomanometer and servo beam balance
devices are some of the mechanisms employed in
which pressure is detected, and a strip chart recording
or electrical signal is obtained through a servometer.

is not modiffed—Atteast—twomdeperdent—station
benchmarks ghould be established so that the gauge
zero can be|conveniently recovered if one of the
benchmarks i lost or destroyed.

5.2.3 Stage}sensing devices

When variatigns in stage are small, stage records may
be establishgd by direct readings of the reference

gauge by an

observer. However, when stage varies

rapidly, the station should preferably be equipped with

a sensor and

The stage se
proportional g
nal, which is
a mechanical
The recorder
a graphic (an
device.

5.2.3.1

recorder (see also 5.4.5).

nsor converts a change in stage into a
uantity of shaft rotation or electrical sig-
then recorded. The stage sensor may be
pressure, electronic or acoustic device.
associated with a stage sensor may be
hlog), digital, magnetic tape or electronic

Float system

The typical flpat system consists of a fleat*operating
in a stilling yell, a graduated steel tape or wire, a
counterweight, a pulley and a pointer..The stage fluc-
tuations are |sensed by the floattand converted into
an angular moment of the pullgy*bearing shaft.

The dimensigns of the float-and counterweight deter-
mine the sefnsor sensitivity and the driving torque on
the output shaft. Thexftnctional requirements of still-
ing wells arg given’in ISO 4373 and are summarized
as follows:

Pressure transducers of appropriate range-apd accu-
racy based on a piezoresistive principle -Guariz crystal
or other type may also be used to produce|an elec-
trical signal proportional to the watér head. The func-
tional requirements and conditidns of installation of
these devices are described iSO 4373.

5.2.3.3 Diaphragm pressure sensor

This is a differential pressure transducer which senses
the difference{between hydrostatic and atmjospheric
pressures. The body of the sensor is fixed in the
channel at\an elevation below the lowest stdge to be
measured. It is fitted with a diaphragm, ong face of
whighvis in contact with the water and the ofher face
isi\subjected to atmospheric pressure tHrough a
capillary tube which is vented to the atmosphere
above water level.

The deformation of the diaphragm under hydrostatic
pressure is converted into an electrical sigrjal which
is proportional to the head of water above thg sensor.

The use of such sensors is generally limited to re-
stricted measuring ranges because of the difficulty in
meeting the accuracy requirements defined in 5.2.4
over extended measuring ranges. The instaflation re-
quirements for these sensors are similar to fthose for
pneumatic sensors.

5.2.3.4 Downward-looking ultrasonic deyice

This device is located above the water surfdce, away

— to provide, within the well, an accurate represen-
tation of the water level in the channel;

— to damp out oscillations of the water surface;

— to accommodate the recording instrument and
protect the float system.

5.2.3.2 Pneumatic pressure sensor

This type of stage-sensing device is frequently used
where the installation of a stilling well would be too

fromthe nfluence of the banmks—The tme s Theasured
for pulses of ultrasound to travel from the device to
the water surface and back. The speed of sound in
air is assessed either from a measurement of air
temperature, or by direct measurement using a target
placed at a fixed distance between the device and the
water surface.

The manufacturer's recommendations for minimum
distances between the device and the banks and wa-
ter surface should be followed. In the presence of
waves on the water surface, the device tends to de-
termine the elevation of the wave crests. The range
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of these devices (meeting the accuracy requirements
of 5.2.4) is limited to about 2 m.

5.2.3.5 Upward-looking ultrasonic device

A transducer is located below the water surface away
from the banks, and connected to an electronic unit.
The time is measured for pulses of ultrasound to
travel from the transducer to the water surface and
back. The speed of sound in water is assessed either
by direct_measurement, using a target placed at a

ISO 1100-1:1996(E)

surface of the flood water, and is deposited on the
centre rod as the water recedes, thus indicating the
maximum stage. Alternatively, the centre rod may be
coated with a paint whose colour is permanently af-
fected by water.

5.2.4 Accuracy of stage measurements

For the measurement of stage, in certain installations
an uncertainty of + 10 mm may be satisfactory; in
others, an uncertainty of + 3 mm or better may be

fixed digtance above the transducer, or from data de-
rived frgm an ultrasonic flowmeter (see ISO 6416) of
which the level sensor is an integral part.

The manufacturer's recommendations for the mini-
mum distances between the transducer and the
banks and water surface should be followed. In the
presenge of waves on the water surface, the device
tends tq determine the elevation of the wave troughs.

A comrhon configuration consists of a vertical tube
extending above the water surface, with the
transduger and target at the lower end.

5.2.3.6 | Other stage sensors

Other types of sensors exist which operate according
to mechanical principles (buoyancy), electrical prin~
ciples (¢apacitance or resistance sensors), or optical
principlls.

Howevegr, they are not covered in this\ part of
ISO 11Q0.

5.2.3.7 | Maximum-stage gauge

A maximum-stage gauge may-be used to obtain a re-
cord of|the peak level reached during a flood when
other mpethods of recQrding levels cannot be used.
Peak dfscharges may, be calculated from the water
levels at two gauyges installed some distance apart in
a stretgh of chanhel, provided that the time lag be-
tween medslrements is negligible (see I1ISO 1070).
These gauges do not meet the accuracy requirements

required; however, in no case should-the uncertainty
be greater than + 10 mm, or + 04-% of the range of
the measuring device, whichéver is| greater (see
ISO 4373).

5.2.5 Water-level recorders

5.2.5.1 Analog recorders

Analog recordérs produce a continuous |graphic record
on a paper.chart of the rise and fall of the stream with
respect’tovtime, as measured by the stpge sensor.

Graphic recorders may be mechanicall with a shaft
rotation as input signal delivered directly by the level
sensor, or electronic (e.g. potentiometr|c recorders).

Regardless of their type, graphic recorders shall meet
the requirements of ISO 4373.

5.2.5.2 Digital paper tape recorders

Digital paper tape recorders punch or |nscribe coded
instantaneous or discrete values on paper tape at
preselected time intervals.

5.2.5.3 Magnetic tape recorders

Magnetic type recorders record coded values of a
variable on a magnetic tape at preseledted time inter-
vals. Coding may be incremental, i.e. pnly level vari-
ations between two measurements are{ recorded over
the time interval, or discrete values maly be recorded.
In the latter case, the integer value i generally re-

of 56.2.4.

Maximum-stage gauges are locally made to different
designs. Basically they may consist of a vertically in-
stalled tube of approximately 50 mm internal diam-
eter, down the centre of which runs a rod. The tube
is perforated to permit rising water to enter, the per-
forations being located to prevent drawdown or vel-
ocity head from affecting the static water level. The
top of the tube shall be closed to prevent the entry
of rain, but it should have an air vent to permit water
to rise up the tube without significant delay. Pow-
dered cork in the bottom of the tube floats on the

coTded T bimaTy formThese Tecorders are coupled to
stage sensors via encoders, such as a rotational shaft
movement or an electronic encoder delivering elec-
trical signals.

5.2.5.4 Electronic memory (solid state) recorders

These recorders store coded values in an electronic
memory. Like magnetic tape recorders, they are cou-
pled to stage sensors via digital coders suited to the
signal delivered. Stored values may be retrieved on-
site or remotely consulted, using an appropriate de-
vice.
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5.2.6 Discharge-measuring section or reach
(gauging section)

The establishment of the stage-discharge relation at
a gauging station is carried out by direct measurement
of discharge using the methods described in the ap-
propriate International Standard.

In a permanent gauging station, the measurement
section should be clearly identified and suitably
equipped to provide satisfactory performance.

© |SO

removed. The field of view of a measuring section
shall extend sufficiently upstream to enable float-
ing debris, which might damage a measuring in-
strument, to be seen in sufficient time to permit
the removal of the instrument from the stream.

c) Suitable access to the site shall be constructed
where possible, to provide safe passage at all
stages of flow and in all weather for personnel
and for any vehicles used for the conveyance of
instruments and equipment.

Regardless of the measuring method, the discharge
through the [discharge-measuring section or reach
shall be the[same as the discharge normal to the
reference-stage gauge, over the entire range of dis-
charge rates.

At a gauging|station, different measuring sections or
different methods may be used to cover the discharge
range.

The various fnethods which can be used for calibrat-
ing a gaugind station are:

— the velogity-area method using a current-meter
(see 1SO[748), the moving boat method (see
ISO 4369| or floats (see ISO 748);

— the dilufion method using a tracer (see
ISO 9555}1, ISO 9555-2, ISO 9555-3  and
ISO 9555t4);

— the ultragonic method using a temporary\instal-
lation in g self-calibrating mode (ISO 6416).

5.2.7 DiscHarge measurement by the
velocity-area method

The principlg of the method-is_to measure the mean
velocity and|the area ofderess-section of flow, the
product of which is the discharge.

The physical and hydraulic characteristics of the dis-
charge meapburing' section shall meet the require-
ments of ISQ 748 for the method to be implemented.

5.2.8 Discharge measurement by the dilytion
method

This method consists of injecting-a tracer s¢lution of
known concentration into thesstream and [sampling
the tracer concentration—~at a point furthgr down-
stream, where turbulefieg”has mixed the tfacer uni-
formly throughout the cross-section.

The stream diseharge is computed from a comparison
between the)cencentrations of the injecteq solution
and of thexsamples taken downstream.

The physical and hydraulic characteristics of the dis-
charge measuring reach shall meet the reqyirements
of the appropriate part of ISO 9555. The method relies
on there being good mixing of the water and tracer
throughout the entire cross-section. Adequate length
of channel shall be used between the injegtion and
sampling points.

5.3 Preliminary survey and selection|criteria

The site selected for observation of stage ghould be
determined by the purpose for which the regords are
collected, the accessibility of the site, and [the avail-
ability of an observer if the gauge is nonfecording.
Gauges on lakes and reservoirs are normally located
near the outlet, but upstream from the zope where
an increase in velocity causes a drawdown| in water
level. Gauges on large bodies of water shou|d also be
located so as to reduce the fetch of strong winds,

Where the site does not offer the main requirements
for a gauging according to the specifications, condi-
tions shall be improved as described below.

a) Minor irregularities in the bank or bed causing lo-
cal eddies shall be eliminated by trimming the
bank to a regular line and a stable slope, and by
removing from the bed any large stones or boul-
ders.

b) Trees obstructing the clear view of the measuring
section or measuring reach shall be trimmed or

whteh—may—eadse—darrage—er—misteadinrg—data. Hy-
draulic conditions are an important factor in site se-
lection on channels, particularly where water levels
are used to compute discharge records.

5.3.1 Preliminary survey

Detailed examination of a large-scale map is required
in the first instance. A low-altitude aerial survey (using
a plane or helicopter) may be made if the basin is
large and not readily accessible by road vehicles. This
procedure gives a better view than ground surveys.
Aerial views can be used as a basis for selecting po-
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tential sites, which can then be evaiuated and studied
more precisely by ground reconnaissance. Ground re-
connaissance will include a detailed visual examin-
ation of the site and enquiry among competent
services to determine whether hydraulic work pro-
jects exist which could modify the stream bed regime.
This enquiry should include an investigation of past
flow history, low water, high water, overflow areas,
floods and bed instability.

ISO 1100-1:1996(E)

nonsensitive station can resuit in large errors in the
discharges indicated by the stage-discharge relation.

A comparison shall be made between the change in
discharge and the corresponding minimum change in
stage to ensure that the sensitivity of the station is
sufficient for the purpose for which the measure-
ments are required.

5.3.2.4 Scale readability

R 292 Qalant
Lo PO 0 A

election criteria
A list of[surveyed sites shall be established with their
advantages and drawbacks as to the establishment
of a galiging station. Selection shall then be made
accordirjg to the following criteria.

5.3.2.1 | Measurement range

The sitg selected shall be such that it is possible to
measur¢ the entire range and all types of flow which
may bd encountered or which are required to be
measured.

he ent|re range of measurement may be referred to
one ref¢rence gauge, or certain ranges of discharge
may be|referred to different gauges. Different meth-
ods of dalibration may be employed for separate parts
of the rgnge, the particular conditions relative to_gach
of the fnethods of calibration being specifiedin“the
relevan{ International Standard (see clause<2.and an-
nex A).

5.3.2.2 | Stability

The opgration of a gauging_6&tation is based on the
assumption of a relationsbetween stage and dis-
charge.

It is thgrefore desirtable that this relation is stable at
the selgcted sités, JThis condition is met if the control
section|or reach is stable and not subject to variable
backwater:

it is essential that the reference gaugelis easily read-
able and accurate at all values of -discharge, because
stage readings are the basis oft\disch@drge measure-
ments.

The water surface shall\be calm tgq ensure that
readings shall correspond to the ind|cation of the
stage sensor. The-gauge and the sendor shall there-
fore be installed‘clese to each other in[a low-velocity

area.

5.3.2.5 ) Accessibility

|deally the station should be accessiblg, or made ac-
gessible, at all seasons regardiess of [the discharge
conditions.

5.3.2.6 Silting

When the stream carries a high sedimgnt load, silting
of the gauge may occur, especially | low-velocity
protected areas. Access to any stilling well should
therefore be provided to permit quick and easy
cleaning.

5.3.2.7 Flood protection

Site inspection shall be carried out urder low-water
and high-water conditions to study | currents and
eddies. The sensor shall be placed out ¢f reach of any
floating debris to avoid accidental damage, and the
recorder should be set at an elevation [to avoid being
flooded under high-water conditions.

Sites where weed growth is prevalent shall be
avoided, if possible.

There shall be no vortices, dead water or other
abnormalities in flow. Sites where difficult ice condi-
tions are prevalent shall be avoided, if possible.

5.3.2.3 Sensitivity

The site shall be sensitive, such that a significant
change in discharge, even for the lowest discharges,
shall be accompanied by a significant change in stage.
Small errors in stage readings during calibration at a

Public records shall be consulted, the vegetation shall
be observed and the population questioned to this
end.

5.3.2.8 Discharge measurements

During preliminary surveys, the possibility of using
one method of discharge measurement for the whole
discharge range shall be considered. It is preferable,
but not essential, that the discharge measuring sec-
tion, or reach, is situated at the gauging station, but
it is satisfactory to use a measuring section at a dif-
ferent location from the gauge if the same discharge
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is recorded at both piaces. Expioratory measurements
should be carried out to check this requirement.

5.3.2.9 Possible site improvements

When the main requirements for a measuring site
according to the specifications cannot all be satisfied,
improvements such as those described below can be

contemplated at the surveying stage.

© ISO

However, a stage-discharge reiation cannot always be
established for alluvial rivers. In this case, the stage-
discharge relation is only applicable for the interval of
time for which it has been verified by discharge
measurements.

5.4.2 Preparatory work

After the preliminary survey, a topographical survey

a) The IOSS Uf VVCItUI fIU|II thU lllﬂ;ll \/hunllcl b"v'
spillage ¢an often be avoided by constructing
flood banks to confine the flow in a defined flood

b) Minor irrggularities in the bank or bed causing lo-
cal eddigs may be eliminated by trimming the
bank to d regular line and a stable slope, and by

removingl from the bed anv larae stones or boul-
\ iarge or poul

TOTHIUVIIY| (U Ui wou ity ST S

ders.

c) Unstable| banks should be protected wherever
possible.|Such protections shall extend upstream
and downstream of a measuring section for a
distance |equal to at least one quarter of the
bankfull Width of the channel in each direction. In
the case |of float gauging; the whole of the meas-
uring reag¢h shall be protected.

d) Instability of the bed may sometimes be corrected
by introdlicing an artificial control which may, also
serve to| improve the stage-discharge relation
(sensitivity) or to create conditions in the-measur-
ing sectign for instruments to be effectively used.
Occasionjally, it may be possible to.‘eliminate vari-
able backwater effects by introdueing an artificial
control. Artificial controls are;- however, not prac-
ticable in| large alluvial rivers:

e) Installatign of cableways; walkways or footbridges
as necessary.

5.4 Establishment of stage-discharge

shall be made when selecting a permanent ite for a

suitable measuring section. This shall dnclude a plan
of the site indicating the width of theswate surface
at a specified stage, the edges of,the natufal banks
of the channell(s), the line of any~definite disqontinuity
of the slope of these banks,and the toe and crest of

any artificial flood bank.

At sites where a permanent measuring spction is
warranted, the following preparatory work|[shall be
carried out.

a) All obstructions in the channel or floodyvay shall
be indicated.

b), "A" longitudinal section of the channel|shall be
drawn from a point downstream of g control,
where this exists, to the upstream linfit of the
reach showing the level of the deepest ppart of the
bed and water surface gradients at low|and high
stages.

c¢) The reach containing the measuring sedtion shall
be checked to ensure that it contains nq disconti-
nuities that may affect the measuremert results.
At least five cross-sections shall be sufveyed in
the measuring reach: two cross-secfions up-
stream from the measuring section fand two
downstream, at distances upstream anfd down-
stream of not less than one bankfull width of the
channel.

d) The control shall be defined by one|or more
cross-sections or by a close grid of levelg over the

relation gauging station

5.4.1 General

The history of stage data shall be traced either by
periodic observations of a reference gauge for
streams having small variations in stage, or by con-
tinuous stage recording at intervals as necessary to
define the hydrograph adequately.

The availability of a control section or reach establish-
ing a stable relation between stage and discharge can
convert stage records into discharge records.

area.

e) The detailed survey of the reach shall be extended
to an elevation well above the highest anticipated
flood level.

f) The spacing of levels or soundings should be
close enough to reveal any abrupt change in the
contour of the channel.

g) The bed of the reach shall be examined for the
presence of rocks or boulders, particularly in the
vicinity of the measuring section.
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h) All key points at the site shall be permanently
marked on the ground by markers sunk to such a
depth below the surface as will secure them
against movement. Cross-section markers should
be on the line of the cross-section to facilitate the
repetition of levels or soundings when the section
is checked.

i)  Where the main requirements necessary for a
suitable gauging site, as specified, are not pres-
ent, conditions may be improved as described in

ISO 1100-1:1996(E)

ible, the method of velocity distribution described in
ISO 748 shall be used for these measurements to
determine the feasibility of using reduced-point
methods (see 5.3.2.8 and 5.2.6).

For stations calibrated with current-meters, a standard
profile on the measuring cross-section shall be drawn,
indicating the position of the cross-section markers.
On this drawing, the positions selected for the meas-
uring verticals may be recorded (see ISO 748). The
bed levels of the cross-section shall be frequently

53.R.S.

5.4.3 $tage measurement and recording

A recorfler shall be installed so as to produce a con-
tinuous|record of stage at intervals as necessary to
define the hydrograph adequately (but see 5.4.5.1). It
may bel desirable to establish gauges at both banks
particularly when there is any risk of differential level.

A statign benchmark shall be established to conform
t0 5.2.2,.3.

If a seqtion control regulates the stage at low and/or
mediunp discharges at the gauging station, the gauge
shall bd situated upstream from the control and suf-
ficientlyl remote from it to avoid any distortion of flow
which might occur in that vicinity. It shall be close
enough| to ensure that a variable stage-dischargeyre-
lation will not be introduced through the effect of
wind of weed growth in the channel. Higher dis-
chargeg are most often controlled by ‘the general
charactgristics of the channel for a censiderable dis-
tance downstream.

The reference gauge and water:level recorder shall be
located| as close as possiblesto the measuring reach
unless [floats are used toymeasure the velocities, in
which tase the referénge gauge and water-level re-
corder [shall be lecated near the midpoint of the
measuling reach,

The reference” gauge shall comply with 5.2.2 and
ISO 43}3:

checked and the protile revised, It necgssary.

The velocity measurements described pbove shall be
repeated at more than one stage to epsure that any
abnormality of flow is detegcted.

If the site allows it, the discharge-megsuring section
may be equipped with a device for [improving the
measuring equipmeént to be used.| Bridges and
current-meter ‘wading rods, cableways and current-
meter suspension equipment shalll conform to
ISO 4375 and 1SO 3454.

5.4.4.2 \When floats are to be usegd for velocity
measurements, trial runs of floats shall be closely
Spaced across the width of the channg.

For stations calibrated with floats, a|standard plan
shall be prepared on which the lines ¢f the selected
floats, runs and the release points for|floats shall be
indicated. A copy of this plan shall be[kept in the in-
strument house at all times (see ISO 748).

5.4.4.3 \When dilution technigues aref to be used to
calibrate the station, trial measuremgnts should be
made to check the efficiency of| mixing (see
ISO 9555-1).

5.4.5 Operation of a stage-discharge relation
gauging station

5.45.1 The production of a satisfacfory record de-
pends on the station being maintained |n full operating

ordar At All e Thic rsey e

5.4.4 Discharge measurement

The stage-discharge relation shall be established by
measuring the discharges corresponding to respective
stage values.

5.4.41 When the station is to be calibrated using
current meters to measure velocities, exploratory
measurements of velocities shall be made in the pro-
posed measuring section and in the cross-sections
immediately upstream and downstream. When poss-

order—atat-tirmes—Fhis—requires—effietent attention to
the recorder and proper maintenance of the station,
its equipment and its calibration. Where a station is
fitted only with a reference gauge or reference
gauges (vertical, inclined, wire-weight or hook) and no
water-level recorder, the local observers shall be re-
quired to furnish readings at specified intervals of all
the gauges in their care. Preferably the readings shall
be made at fixed hours. The intervals between the
readings shall be determined by the rate at which the
water level at the site changes, but arrangements
shall be made to have additional readings when the
water level is changing more rapidly than usual.
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It is essential that the local observer records the exact
time and correct date of each gauge observation.

5.45.2 When a recorder is provided, visits by the
observer should be made throughout the period to
verify that the recorder is operating satisfactorily. The
observer shall be required to record readings of stage
from the reference gauge with the exact time of re-
cording for comparison with the recorder reading. To

relate the readings to a chart trace, the observer may
mark the Cha rt At gl cfnﬁnnc, the-observershallre

© IS0

— the application of the reievant international Stan-
dard (see clause 2), or

— by a previous calibration using other methods.

5.4.6.2 Survey and selection of site

A R—A .....A.\.A. L. II | Vs P S PN ..,-.:AA -~
A pre ldybUlVbel Hoe Imiade Of uie pi y ical a

hydrauh c features of the proposed site
it conforms (or may be constructed or modlfled SO a

cord any obstruction of the channel, for example by
weeds or icel and shall note any casual obstruction

ninal

of the Chal"ul,!, inlet plpc;\o/, IIIUGDUIIIIB structure or
transducer mpuntings caused by flood debris or any
other cause. [The site and equipment shall be kept
generally cleap and tidy, particular attention being paid

to legibility of|the reference gauge. The observer may
he required td desnatch all records, tanes or charts to

LT oG iTLULUI LS, MoS Ul

the record office for processing immediately after
they have begn completed, together with any relevant
notes or obsgrvations.

5.45.3 Every gauging station shall be inspected

whenever any incident which might affect its accuracy

\
~y
is reported by the observer.

5.45.4 All mechanical recorders and recorder clocks
shall be cleaned and lubricated in accordance with the
manufacturerfs instructions or as indicated by experi-
ence under pfevailing operating conditions.

5.45.5 Thelelevation of all key points (including par-
ticularly the [zero of the reference gauge) shall be
surveyed when the station is establisied and shall be
checked by feference to the stafion” benchmark at
least annually or following any flodd when equipment
might have been damaged by.debris or by ice. At the
same time, apy vertical staff_gauge shall be tested for
verticality. Where feasible;" correlation of the station
benchmark wWith a National Survey datum shall be
checked at irfftervals-of not greater than five years.

1o contormy) 10 (he requirements necessary. .Ir meas-
urement of discharge by the structure asJspgcified in

the relevant International Standard giventin clause 2.

Particular attention shall be paidte’the folloing fea-
tures in selecting the site.

a) adequacy of the

roaciilar cross

royular Livoo~

ngth of channel relatiye to the

b) uniformity of/the~existing velocity distribdtion;

c) avoidance{ of a steep channel (Froude|number
shall, not*exceed approximately 0,5);

d) .effects of any increased upstream watpr levels
due to the measuring structure;

e) conditions downstream of the control ptructure
(including tides, confluences with other cgntrolling
features, seasonal weed growth);

f) impermeability of the ground on which the struc-
ture is to be founded and the necessity for piling,
grouting or other means of controlling segepage;

g) necessity for flood banks, to confine the maxi-
mum discharge to the channel;

h) stability of the banks, and the necessity|for trim-
ming and/or revetment;

i) uniformity of section of the approach chgnnel.

If the site does not possess the characteristics

5.4.6 Stage-discharge gauging stations with
artificial controls (notches, weirs and flumes)

5.4.6.1 Principle

When physical and hydraulic conditions permit, an ar-
tificial control consisting of a fixed, undeformable
structure may be installed. The stage-discharge re-
lation shall then depend on the geometrical charac-
teristics of the artificial control and shall be defined
either by

10

necessary for satisfactory measurements, or if an in-
spection of the stream shows that the velocity dis-
tribution in the approach channel deviates appreciably
from uniformity, the site may have to be rejected un-
less suitable improvements are practicable. Alterna-
tively, the performance of the installation shall be
checked by independent flow measurement.

The flow conditions downstream of the structure are
important in that they control the tail-water level
which may influence its operation. The structure shall
be so designed that it cannot become drowned under
the operating conditions specified in the relevant
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International Standard. Construction of a measuring
structure in a river or stream may alter conditions and
cause scouring downstream of the structure, hence
appropriate bank and bed protection should be in-
cluded in the design.

If the flow in the approach channel is disturbed by ir-
regularities in the boundary, for example large boul-
ders or rock outcrops, or by a bend, sluice gate or
other feature which causes asymmetry of discharge
across the channel, the accuracy of gauging may be

ISO 1100-1:1996(E)

5.4.6.3.2 Nonstandardized measuring structures

A combination of different standardized measuring
structures is also permissible using standard cali-
bration equations for each structure (compound
gauging structures). Nonstandardized measuring
structures require a field or laboratory calibration over
the entire range of discharge to be measured.

5.4.6.4 Choice of measuring structure

affected. The flow in the approach channel should
have a gymmetrical velocity distribution; this can most
readily pe ensured by providing a long straight ap-
proach £hannel of uniform cross-section.

The crops-section of the approach shall be uniform for
a lengtt of approximately 10 times the width, in order
to produce a regular (uniform) velocity distribution
(see the¢ International Standards on weirs and flumes
listed in| clause 2).

Conditigns in the approach channel can be verified by
inspection or measurement. Several methods are
availablg, such as floats, velocity rods, or concen-
trations| of dye, the latter being useful in checking
conditigns at the bottom of the channel. A complete
and qug@ntitative assessment of velocity distribution
may be|made by means of a current-meter.

5.4.6.3| Types of measuring structure

5.4.6.3[1 Standardized measuring structures

The calibration equations .6f)standardized measuring
structufes which are _the" subject of International
Standafds shall be~ strictly complied with (see
clause P):

a) thin-plate.weirs

— fulEwidth

A guide for the selection of weirs andflumes is given
in ISO 8368, to which reference shall be made.

The parameters involved in_selecting a [structure are:

— expected difference™in” water leve] (afflux) after
construction;

— measuring aceuracy;

— dimensiegns and shape of channel;
— conditions of flow in the approach ghannel;
+ presence of floating or suspended debris;

— magnitude and range of discharggd to be meas-
ured.

5.4.6.5 Construction and installation

The gauging station shall consist off an approach

channel, a measuring structure (includ
ated upstream gauges), a downstream
reference gauge. Normally a water-le
installed to provide a continuous recorg

The measuring structure shall be rigid

and capable of withstanding flood-fl
without damage from flow around thd
downstream erosion. The axis shall be
direction of flow of the upstream ch
geometry shall conform to the dimen

ing its associ-
channel and a
el recorder is
of head.

nd watertight,
bw conditions
ends or from
n line with the
hnnel, and the
sions given in

the relevant International Standard (sed

clause 2).

— with side contraction
— notches

b) broad-crested weirs
— rectangular, with sharp edges
— rectangular, with rounded edges
— triangular profile

¢) standing-wave flumes

— with side contraction
— with hump

The surface of a flume may be constructed in con-
crete with a smooth cement finish or surfaced with a
smooth noncorrodible material. The weir crest shall
be constructed using precision tooling.

Precautionary measures shall be taken to avoid
scouring, particularly downstream.

Appropriate devices shall, if necessary, be placed up-
stream to straighten flow in the approach channel.
These devices may be in the form of baffles in order
to avoid asymmetric flow and to obtain an acceptable

1
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velocity distribution in the vertical and horizontal
planes.

5.4.6.6 Checking of dimensions

In order to obtain an acceptable uncertainty in the
discharge, the tolerances in construction, which are
given in the relevant International Standards, shall be
followed. The structure shall therefore be measured
on completion and average values of relevant dimen-

sions and th

ir standard deviations at 98 % confi-

© |SO

measure water level at two locations sufficiently far
apart to compute water-surface slope (or fall). A re-
lation between slope (or fall), stage and discharge can
be developed according to the procedure given in
ISO/TR 9123. The site should be sensitive, such that
even for the lowest discharge, there should be
measurable fall between the two gauges. Small errors
in stage readings during calibration at a nonsensitive
station can result in large errors in the discharge indi-
cated by the stage-fall-discharge relation.

dence limits domputed. The former shall be used for
computation ¢f discharge and the latter shall be used

to obtain the
of discharge.

overall uncertainty in the determination

5.4.6.7 Stage measurement

The position
with respect
the relevant |
ener or baffle
the stage-me
be less than

As the size

of the stage (head)-measuring section
0 measuring structures is dealt with in
hternational Standard. If a flow straight-
is used upstream, the distance between
hsuring section and this device shall not

10 times the maximum head.

bf the structure and the head reduce,

small discrepgncies in construction, in the zero setting

and reading

pf the stage-measuring device become

of greater relgtive importance.

The accurate

initial setting of the zero of the stage-

measuring dqvice with reference to the level ofithe

weir crest o
checking of

the invert of the throat, and regular
Lhis setting thereafter, are essential if

overall accurdcy is to be maintained.

An accurate means of checking the-zero shall be pro-

vided. The in

strument zero shall Be-obtained by a di-

rect referenceg to the crest levékor throat invert, and
a datum platg shall be set orithe wall of the approach

channeland i

) the stillingwell accurately levelled with

reference to {he crest©nthroat.

The referenc
ISO 4373.

b gauge and recorder shall conform to

5.5.2 Preparatory work

A preliminary survey should be made'to endure that
a length of reach is adequate to provide suffitient fall
for acceptable accuracy. Two suitable gaugihg sites
should be available, one at each end of the re¢ach, for
the purpose of measuring~water level. TherI should
be no significant tributapy-inflow to or outflpw from
the reach between the two gauging sites.

5.56.3 Stage mieasurement and recording

5.5.3.1 ,Composition of gauging station

The gatiging station shall consist of two wdter-level
gaugés, one of which is the reference gaugd. Water-
level recorders may be installed to producg¢ a con-
tinuous or intermittent record of stage. The r¢ference
gauge should be located as close as possible to the
discharge measurement site.

5.5.3.2 Benchmarks
Gauging-station benchmarks shall be establ|shed to

maintain the datum of the gauge zero. Benghmarks
should conform to 5.2.2.3.

5.5.3.3 Stage (reference) gauges

The stage-measuring gauges and recorders shall con-
form in all respects to the requirements ¢f stage
gauges specified in 5.2.3 and I1SO 4373.

5.5 Establishment and operation of a
stage-fall-discharge relation gauging station

(two gauge

s)

5.5.1 General

In a stable channel with variable downstream control
of water level, when there is no unique relation be-
tween stage and discharge, there may be a relation
between water-surface slope (or fall), stage and dis-
charge. In such channels, two gauges are used to

12

5.5.4—Discharge measurement

The stage-fall-discharge relation shall be calibrated by
measuring the discharge corresponding to different
stage and fall values. Discharge measurement shall
be made in accordance with ISO 748 or ISO 4369.

5.5.5 Operation of the station

The operation of the station shall conform to the
specifications in 5.5 for the two gauges and stage re-
corders. As the slope or fall is determined by a dif-
ference between stage reading at two gauges, careful
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attention should be given to stage and time adjust-
ments for the two recorders.

6 Direct discharge-gauging stations

For these types of station, control sections or control
reaches are not necessary. Instantaneous measure-
ment by appropriate means of the cross-sectional area
and mean velocity can be used for the determination
of discharge.

ISO 1100-1:1996(E)

taining the transducers, the velocity distribution
shall be uniform.

b) Cause of distortion or interruption of the acoustic
signal, e.g. weed growth, suspended materials,
entrained air bubbles, etc., shall be avoided. To
avoid refraction of the acoustic signal, minimum
depth requirements as a function of the acoustic
path length and signal frequency shall be com-
plied with. Refraction may also be caused by
temperature gradients.

6.1 Ultrasonic gauging stations

6.1.1 Principle

The pripciple of the ultrasonic (acoustic) method is to
measule the velocity of flow at a certain depth in the
channe] by transmitting acoustic pulses in both di-
rectiong through the water from transducers located
in the hank on each side of the river. The transducers
may beg designed to transmit and receive pulses. They
are staggered so that the angle between the acoustic
path arnjd the direction of flow is usually between 30°
and 607.

The difference between the time of travel of the
pulses [crossing the river in an upstream direction and
those fravelling downstream is directly related to.the
averag¢ velocity of the water at the depth, of the
transdycers. This velocity can then be relatéd to the
average velocity of flow of the whole Crgss-section
and, if |desired, by incorporating an area. factor in the
electrohic processor the system will\provide an output
(readoyt) of discharge.

The requirements for the-selection of site, design,
constriiction and operation=of an ultrasonic gauging
station|are dealt with4mISO 6416. A summary of the
main requirements ‘@nhd specifications is given in the
following sections,

6.1.2 [Selection of site

¢) Adequate electrical power shall e available or
made possible.

6.1.3 Design and construction
The gauging station shall consist of:

a) one or more ‘pairs of transducers |(single-path or
multipath):“either

1) <4dnstalled on each bank and fixgd permanently
in position, or

2) installed on each bank, and having facility of
movement in the vertical plarfe or on an in-
cline.

b) an electronic console containing an|electronic data
processor and a data recorder, or|an output to a
telemetry system;

c) a level recorder interfaced with an|electronic data
processor;

d) a reference-stage gauge.

All interconnecting cables to or from transducers shall
be shielded and damage-protected.

The decision to use a single-path or multipath system
will depend on the intended accuracy| of the desired
system, the range in stage to be expgcted, the verti-
cal velocity distribution at these stagdes and the at-

A preliminary survey shall be made to ensure that the
physical and hydraulic-features of the proposed site
conform to the requirements for the application of the
method.

The site selected shall be such that it is feasible to
measure the entire range and all types of flow which
may be encountered or which are required to be
measured. The following factors should be con-
sidered.

a) Abrupt bends in the channel shall be avoided. In
the reach between the two cross-sections con-

Tenuation and retlection fimitatons. 1T a satisfactory
rating can be achieved from a velocity index at all
stages, the single-path system may be considered in
preference to a multipath system. For this method of
fixed transducers, a path or index velocity is obtained,
which is related to stage and area to obtain discharge.
Calibration by current-meter is required in this
method.

For the method whereby the transducers are de-
signed to move on a vertical or inclined assembly, the
system is self-calibrating. This is performed by estab-
lishing vertical-velocity curves by moving the trans-

13
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ducers to the various paths and obtaining a series of
path velocities in the vertical. This should be per-
formed at different values of stage and the resulting
curves analysed to determine the optimum location
to fix the transducers.

In the multipath system, where several pairs of
transducers are employed, the optimum positions of
these shall be determined from a preliminary examin-
ation of vertical-velocity curves obtained by current-
meter. The transducers should be fixed and preferably

© SO

6.2 Electromagnetic gauging stations

6.2.1 Principle

The principle of the electromagnetic method is to
measure the potential difference generated across
the width of the channel when the water flows
through a vertical magnetic field generated by a coil
located either beneath or above the channel. The
electrical current through the coil is reversed at reg-

mounted on ap assembly.

When the pos
been decided,

tions of the transducer mountings have
the angle and path length between the

mountings shall be carefully surveyed for subsequent

programming
of the bed le

nto the electronic processor. A survey
el between the transducer mountings

along the patH length shall be made, and the average

bed level sha
electronic pro
mined on-site

| then be calculated for input into the
Cessor where discharge is being deter-
This survey shall be repeated period-

ically as an operational requirement.

The referencd gauge and level sensor shall be in ac-

cordance with

ISO 4373. The ultrasonic equipment

shall be in acdordance with ISO 6416.

6.1.4 Calibrjation

The calibration of an ultrasonic gauging station’ should

be performe
necessary a
current-meter

i by the ultrasonic metetitself. |If
check calibration should~be’ made by
If channel conditions ehange with time,

it will be necgssary to re-evaluatecthe’ calibration.

6.1.5 Opera

tion of.the’station

The productidnCef ‘a satisfactory record depends on

Utar Mtervats i order 10 generate an oscitatihg mag-
netic field, the potential difference measuréd being
proportional to the spatial average of jthe velocity of
the water in the channel. The systend is desqribed in
detail in ISO/TR 9213.

6.2.2 Selection of site

A preliminary survey shall’be made to ensure [that the
physical and hydraulic features of the propoped site
are in accordapeg. with the requirements given in
ISO/TR 9213 <Particular attention shall be paid to

— avoiding’areas where electrical interfererlce may
occlir,

—\availability of power supply;

— access and working space for constructioh of the
coil;

— possible temporary diversion of the channel to al-
low an insulating membrane to be installeg;

— width-to-depth ratio of the channel;

— need to calibrate the gauge by an alfernative
method after construction;

— avoiding rapid changes in water quality.

6.2.3 Design and construction

The gauging station shall consist of

the station b
all times. Thi

g TTamTtamed i futtoperatmng order at
S requires proper maintenance of the

station, its equipment and its calibration.

In carrying out checks on the equipment, the in-
structions given in the manufacturer's handbook shall
be followed. The operator shall arrange to have spe-
cial training, and be able to attend to minor defects in
the system, should they occur.

The electrical energy source shall be reliable or as-

sisted; if not, automatic restart of the station shall be
provided in case of power failure.
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a) a field coil installed below or above the channel:

b) a pair of electrodes, one on each side of the
channel;

c) an insulating membrane, where necessary;
d) an instrument unit including a coil power supply;
e) a water-level measuring device;

f) a reference-level gauge.
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The station shall be constructed in accordance with
ISO/TR 9213.

ISO 1100-1:1996(E)

ational during extended periods of freezing tempera-
tures. This may be achieved by the following.

6.2.4 Calibration a) Construct the well of nonconductive materials, or
insulate to prevent frost penetration.
After the station has been installed, a rating equation ) .
for the calculation of discharge, Q, should be devel- b) Where necessary and feasible, the lower inlet
oped of the form: pipe shall be wrapped with electrical heatlng tape,
or the heating tape placed inside the inlet pipe, so
0= (K1 +h— K2h2)<b/H that it may be kept free of ice using a commercial
power source or portable generator. A steaming
where apparatus having the necessarydehgth of steam
hose may also be used to thaw.an finlet pipe.
K, §nd K, are constants;
. ) c) Inlet pipes shall be positioned such|that the lower
h is the depth; pipe is below the bottofof the ice |[sheet, and the
® is the potential difference measured be- upper pipe is above ithe' ice sheet. |n this way the
tween the electrodes: recorder will operate on the lower iplet during the
. freezing period 'and, should lower inlet freeze, the
H is the magnetic field computed from the upper inlet “will become operatiye during the
dimensions of the coil and its position snowmeltcfreshet while the lower intake thaws.
relative to the water flowing in the chan-
nel. d) Stilling/wells which are constructed far enough
intosthe bank to be below the frost line may be
The gapging station shall be calibrated by current- Kept free of ice through the use df a removable
meter qr other method, to ensure that the equipment insulated subfloor. The subfloor [shall be pos-
performs as expected by the theoretical rating itioned below the frost line but aljove the maxi-
equatiop, over the whole range of flows and depths mum likely water level during the ffeezing period.
expectgd. Care shall be taken to ensure that the ag: Provision shall be made for free gassage of the
tivity of| calibration does not affect the working of-the float and counterweight wires. | The subfloor
electrofnagnetic gauge. should be removed prior to the snowmelt freshet.
6.2.5 Pperation of the station e) In certain areas, the use of the following method
may be acceptable. An open-ended waterproof
The station shall be maintained in ac¢ordance with the cylinder, of diameter larger than the float diam-
recomrhendations given for ("uyltrasonic  gauging eter, shall be placed vertically in the well and par-
stationg in 6.1.5 . Periodic checks should be made to tially filled with a nonvolatile petrgleum distillate.
ensure|that the level of elestrical interference does The cylinder shall be of sufficient|length and in-
not sigpificantly increase;-and that the rating equation stalled such that the lower end will be substan-
remaing valid. tially lower than the minimum anficipated water
level and the upper end higher than the maximum
’ anticipated water level for the perlod over which
7 Measurement of stage and discharge freezing temperatures occur. Cdre should be
under particular conditions taken to ensure that the float will ride freely in the
cylinder and the travel of the counterweight is not
. impeded. The cylinder and petroleum distillate
7.1 lce conditions should be removed before the spring freshet. If
Weather conditions such as frost or ice may impede the pet.roleum distillate escapes from the cylinder,
the operation of the stage-sensing device or recorder errors 1n s';age regqrd Wm. result bacause of the
L . difference in specific gravity between water and
and the application of normal measuring methods, -
. . ; distillate.
thus affecting the stability of the stage-discharge re-
lation (see 8.4.1). f) Stilling wells may be heated by means of elec-

7.1.1  Stilling well

Any stilling well and inlet pipes shall be constructed
in such a manner that the system will remain oper-

trical or propane (bottled gas) heaters. In some

instances, it may be necessary

to mount the

heater on a separate float system or to incorpo-
rate an electric immersion heater into the recorder
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float to prevent freezing of the well. The quantity
of heat provided shall be the minimum required
to keep the stilling well ice-free. Overheating of
the well will result in production of excessive wa-
ter vapour which will condense as frost in the re-
corder housing possibly causing jammed doors,
recorder and clock malfunctions.

It may be necessary to heat the water stage
instrumentation to ensure continuous operation
under severe temperatures, although some in-

© |SO

b) The body of the sensor should be located away
from locations where anchor ice or ice jams might
form, such as above rapids.

c) All connections and lines leading to the sensor
shall be protected from ice damage by burying
them to a sufficient depth, or enclosing them in
a duct.

d) The elevation of the body of the sensor shall be
checked periodically by surveyors' level to main-

strumenty will operate at temperatures of
— 45 °C if| special cold-temperature lubricants are
used.

7.1.2 Pneumatic pressure sensor

The following|precautions should be taken to protect
a pneumatic gressure sensor under ice conditions.

a) The orificg from which the compressed gas exits
into the sfream shall be mounted at an elevation
below thdt of the bottom of the ice sheet that
would nofmally form at the gauging station.

b) The orifice shall be installed remotely from lo-
cations Where anchor ice may form, such as
above rapids, to prevent blockage of the orifice.

c) Where there is a possibility of the orifice becom-
ing frozen, the gas-feed pressure shall be reduced
to a valug|less than the pressure equivalent te the
full-scale [range of the instrument. This willpre-
vent posdible instrument damage in the.event of
the orificd becoming blocked.

d) The pipe fo the orifice shall be pburied in the bank
to a depth sufficient to prevent damage from ice
scour dur|ng a freshet.

e) The mercury used ingsdme instruments solidifies
at approx|mately <40 °C, preventing collection of
water-level information at colder temperatures.
The instrdimentation shall be heated to the mini-
mum opdgrating temperature stated by the manu-

tain the established elevation and to emsyre there
has been no vertical movement due td ice or
floating debris.

7.1.4 Notches, weirs and flumes

Where necessary and fedsible, these structufes shall
be heated during the fréezing period to endure that
the head-discharge relation is applicable dyring the
winter. This may¢be accomplished by suspepding an
array of electric Jor propane radiant heaterd from a
hood over the structure, or by enclosing tHe entire
structure,. leaving openings for the free inflow and
outflowsof water. The space enclosed in this manner
mavyxthen be heated.

The elevation of the structure shall be chgcked by
surveyor's level during the ice period to enpure the
structure has not heaved due to freezing of the soil.

7.2 Weed growth at gauging stationg

Weed growth in the water changes the hydrdulic flow
conditions in the control reach, and hence tHe stage-
discharge relation. Seasonal plant devdlopment
makes it necessary to correct discharge measure-
ments, in order to follow the variations in the stage-
discharge relation. The observer shall note the dates
when weeds appear and disappear, the devdglopment
and density of vegetation, and the dates ¢f weed-
clearing campaigns.

To determine discharge _the following pracedure shall

facturer, if uninterrupted operation is required.
Battery power supplies may be waterproofed and
placed in the stream to obtain satisfactory per-
formance during extremely low temperatures.

7.1.3 Diaphragm pressure sensor

The following precautions should be taken to protect
a diaphragm pressure sensor under ice conditions.

a) The body of the sensor should be located at an

elevation below the bottom of the ice sheet that
would normally form at the gauging station.
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be followed.

a) A reference stage-discharge relation shall be es-
tablished in the absence of weed.

b) For each discharge measurement affected by
weeds, the stage difference with respect to the
reference stage-discharge relation shall be deter-
mined.

1) Using site data, a curve of variation of these
differences as a function of the days of the
year shall be plotted.
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2) When processing records, stage readings
shall be corrected to take into account the
stage differences with respect to the stage
readings on the curve for the day under con-
sideration, and shall then be converted into
discharge valves using the reference stage-
discharge relation.

Weed growth due to water pollution may impede
proper operation of stage sensors (obstruction of
tappings).

ISO 1100-1:1996(E)

the use of stage-discharge curves and station-rating
tables, in the case of a velocity-area station, and the
weir or flume equation in the case of a measuring
structure, should be made for each water level, mak-
ing all necessary corrections. The daily mean dis-
charge should be computed independently. For the
computation of daily mean discharge, the assumption
is often made that changes in water level which take
place between readings, whether these are observa-
tions of a gauge or readings from a recording instru-
ment, vary linearly with time. This is not necessarily

Weed gfowth may also be an obstacle in using ultra-
sonic dgvices for the measurement of velocities (see
6.1).

7.3 Rapid changes in discharge

The degign and construction of the gauging station
shall prqvide for failure-free operation of the station in
the casg of sudden floods and rapid changes in stage
and disgharge. If recording of stage is not continuous,
the freduency of stage readings shall be such that
changed are observed without undue delay.

Becausg flow may change rapidly, the stage-
discharde relation may show a hysteresis effect.
Plotting [shall therefore be made in accordance with
ISO 1100-2.

8 Compilation of records

8.1 General

8.1.1 (ollection of field data

The collection of field data in(the form of records of
gauge readings, charts, tape® or solid-state modules
taken flom recorders and of velocity or discharge
measurgments is only)the first step in the compilation
of a station record. While it is important that field ob-
servatiop shouldtke made accurately, no less import-
ance shpuld betattached to the work of reducing the
transcriped information. Both operations shall be per-
formed with meticulous care, as negligence in either

the case. Readings should therefore bg
quent enough intervals to ensure that th
of linearity is valid.

8.1.3 Extrapolation of the stage-disg
relation

A stage-dischargecurve should not be a
the range of observations upon which
estimates of flow, however, are require
be so identified having regard to the r
and quality’ of the observations whio
made,~to the natural features of the g
and\to the conditions of flow with reg
Little reliance shall be placed on extrap
the lowest observed value (see ISO
charges determined by extrapolation
tinguished from those derived by
Notwithstanding, a record may be cong
dard record provided the sum of the es
tities does not exceed 5 % of the total
year.

8.2 Stage records

8.2.1 At constant time intervals

Stage values are normally taken off cH
solid state modules at constant interva
see 8.3.3). The specified interval sho
mined as a function of the rate of cha
The maximum and minimum stage vall

taken at fre-
€ assumption

harge

pplied outside
it is based. If
d, they should
bnge, number
h have been
huging station
pect to time.
olation below
1100-2). Dis-
shall be dis-
interpolation.
idered a stan-
timated quan-
run-off for the

arts, tapes or
s of time (but
uld be deter-
nge in stage.
es for a given

period of time should also be recordeq

. If the refer-

operation can invalidate the value of the records. All
field data should be examined critically and promptly
with the objective of uncovering any anomalies which
may exist.

8.1.2 Converting stage data to discharge data

Where recorders are installed, readings of water lev-
els from instrument charts, tapes or solid-state mod-
ules shall be taken at such intervals as may be
necessary to define the hydrograph adequately. The
conversion of data from water level to discharge by

ence gauge is read only once a day, however, the
value is converted to discharge from the rating curve
(if required), and that discharge taken as the daily
mean discharge.

8.2.2 Pivot-point values

Slope-change points or “pivot points” should be
marked or entered on the record and, since stage
varies linearly with time between two consecutive
pivot points, the coordinates of these points (stage
and time) should be noted. The principle of this
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