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INTERNATIONAL STANDARD

1SO 4373-1979 (E)

Measurement of liquid flow in open channels —

Water level measuring devices

0 Intr¢duction

In order tp obtain a systematic record of river flow in terms,of
instantangous or mean daily discharge, it is usual to coliect
primarily g continuous record of water level with respectto time
which can be converted into a record of discharge by one or
more of spveral methods (see ISO 1100). The accuracy of the
record of [discharge is governed principally by.the accuracy of
the record of water level and it is essentialthat this can be sens-
ed and re¢orded efficiently and with an accuracy sufficient for
the purpoges for which the measurements are required.

The recorfl of water level is commonly produced by a recorder
actuated py a float and counterweight or tensioning spring
system, the movement ¢f.the float being used to operate a
recording [mechanism such as a pen or a punching head which
can prodyce either.an janalogue record on a chart or a digital
record on|punched tape. Water level records can also be pro-
duced by Erensing the hydrostatic pressure above a fixed point

in the strdam-

Section one : General

1 Scope and field of appliéation

This International Standard specifies thp functional re-
guirements of

a) a stilling well with intake pipes for flopt-operated water
level recorders;

b) stage sensing devices and

c} recording devices.

2 Terminology

definitions used are in accordance with ISQ 772, Liquid flow

For the purpose of this International Standgrd, the terms and
measurement in open channels — Vocabu/iy and symbols.

To protect the fioat and to eliminate, or at least reduce, the ef-
fect of surface waves and short period surging in the natural
channel it is customary to provide a stilling well, usually set
back in the bank of the river and connected to it by one or more
intake pipes but sometimes placed directly in the stream. The
accuracy of the recorded water level will then depend partly on
the sensitivity of the instrument and partly on any difference
between the water level inside the stilling well and that in the
river.

3 Units of measurement

For the purpose of this International Standard, the units of
measurement used are S| units in accordance with ISO 31 and
1SO 1000.
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Section two : Stilling well and intakes

4 Stilling well
4.1 Functional requirements of stilling wells

4.1.1 General

The function of the stilling well is :

a) to accgmmodate-the-mstramentandprotectthefloat——5~+——Functionalrequirements—————

system;

b} to provide within the well an accurate representation of
the water lg¢vel in the river (see the annex);

c) to damp out oscillations of the water surface.

4.1.2 Specif

[d]

4.1.2.1 The well may be circular, oval, square or rectangular
in plan and mgy be made of any suitable material.

4.1.2.2 The Well may be placed in the bank of a stream or
directly in the ptream when attached to a bridge pier or abut-
ment. It should not, however, be located directly in the stream
where flow conditions would lead to separation and stagnation
effects. When placed in the bank the well shall be connected to
the stream by intake pipe(s). When placed directly in the
stream, the intakes may take the form of holes or slots cut in
the well itself.

4.1.2.3 The well shall not interfere with the flow pattern/in the
approach channel and if set in relation to a control, it shall be
located far engugh upstream or downstream to-be‘outside the
area affected the control.

4.1.2.4 The well shall be firmly founded“when placed in the
bank and firmly anchored when stapding in the stream so that it
shall remain stable at all times.

4.1.2.5 The wWell and all construction joints of well and intake
pipes shall be yatertight'so’that water can enter or leave only
by the intake itself.

4.1.2.9 In wells with sealed bottoms the bottom of the well
shall be at least 300 mm below the invert of the lowest intake to
provide space for sediment storage and to avoid the danger of
the float grounding at times of low flow.

b Intakes

5.1.1 General
The function of the intakes to the stilling well is

a) to allow water to enter_ordeave the stilling well so that
the water in the well is maintained at the samg elevation as
that in the stream under.all conditions of flow|;

b)- to permit some form of control to limit lag and
oscillating effeCts within the stilling well.

5.1.2 Specific

5.1.2:1" Intakes may take the form of one or mofe pipes con-
necting the well to the river when the well is set pack into the
bank or a series of holes or slots cut into the well itfelf when it is
set directly into the river. In rivers with a permanent high silt
content a well set in the stream may have a hoppef shaped bot-
tom to serve as an intake and also as a means of sgif cleansing.

5.1.2.2 The dimensions of the intakes shall be larpe enough to
allow the water level in the well to follow the rise agd fall of river
stage without appreciable delay.

5.1.2.3 The dimensions of the intakes shall be gmail enough
to damp oscillations caused by wave action or sufges.

NOTE — These requirements are opposed and a suitablg balance must
be achieved. For example, to effectively eliminate surding it may be
necessary to restrict the cross-sectional area of the intakps to 0,1 % of
the cross-sectional area of the well whereas to reduce lag effect to ac-
ceptable limits the ratio may have to be at least 1 %. This will depend
on site conditions, the type and length of intakes and the surface area
of the well. Because of this, no firm rule can be laid down for determin-
ing the best size of intake but it is advisable to make the donnection too

4.1.26 The
have sufficient height and depth to allow the float to travel free-
ly the full range of water levels.

4.1.2.7 The dimensions of the well shall be such as to allow
unrestricted operation of all equipment installed in it. Clearance
between walls and float shall be at least 75 mm and where two
or more floats are used within the well, clearance between
them shall be at least 150 mm. In silt-laden rivers it is an advan-
tage to have the well large enough to be entered and cleaned.

4.1.2.8 When placed in the bank of the stream the stilling well
shall have a sealed bottom to prevent seepage into or leakage
out of the chamber.

large rather than too small as a restriction can be added if found
necessary. As a general guide the total cross-sectional area of the in-
takes should not be less than 1 % of the cross-sectional area of the
well.

5.1.2.4 Two or more intakes may be installed, at different
levels, to ensure operation of the system if one intake becomes
blocked.

5.1.2.5 For a stilling well set into a bank the invert of the
lowest intake shall be at least 150 mm below the lowest
anticipated stage and shall enter the stilling well at least
300 mm above the well bottom. In cold climates this intake
shall be below the frost line.
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5.1.2.6 Intake pipes shall be laid at a constant gradient to
avoid low points and on a suitable foundation which will not
subside.

5.1.2.7 Theintake shall be so oriented in the stream that it will
sense the true water level. When velocities in the stream at the
point of measurement are sufficiently large, that the dynamic
pressure is of sensible magnitude, the intake shall incorporate a
static pressure device (wall piezometer, piezometer in a plate,
surface parallel to flow, static tubes, etc.) to ensure that the
dynamic pressure does not influence the level in the well.

ISO 4373-1979 (E)

by a flushing system where water under several metres of head
can be applied to the stilling well end of the intake, by pumping
water through the intake or by hand cleaning with collapsible
draining rods. :

5.1.2.10 Where velocity past the river end of the intake is
high, drawdown of the water level in the well may occur. This
can be reduced by attaching a capped and perforated static
tube to the river end of the intake and extending it horizontally
downstream.

5.1.28 t is desirable that intake pipes more than 20 m in
length shpll be provided with an intermediate manhole fitted
with interhal baffles to act as a silt trap and provide access for
cleaning.

5.1.2.9 Means of cleaning the intakes shall be provided, either

6 Protection from frost |

In cold climates the well shall be protécted ffom the formation
of ice. This may be done by the use of well qovers, sub-floors,
heaters or oil on the water surface. When oil js used the oil sur-
face will stand higher than the'water level in the stream and a
correction must be used when setting the rgcorder.
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Section three : Stage sensing devices

7 Accuracy of stage measurement

For the measurement of stage, in certain installations an uncer-
tainty of £+ 10 mm may be satisfactory; in-others an uncertain-
ty of £ 3 mm or better may be required; however, in no case
should the uncertainty be worse than £ 10 mmor0,1 % of the
range whichever is greater.

This clause applies in all cases except where specifically stated

indicators is that the reading may be made directly in units of
length, without any intervening influences.

9.1 Vertical and inclined gauges

Such gauges comprise a scale marked on or attached to a
suitable surface.

911 Functional :gq"i;gmapts

otherwise.

8 Gauge atum

The stage of astream or lake is the height of the water surface
above an established datum plane. The datum of the gauge
may be a recognized datum, such as mean sea level, or an ar-
bitrary datum | plane selected for the convenience of using
gauge readings of relatively low numbers. It is generally
desirable to av¢id negative values for these readings, therefore
the datum sele¢ted for operating purposes should be below the
elevation of zefo flow on the control.

If an arbitrary flatum plane is used, it should be referred to a
bench. mark of known elevation above sea level by accurate
levelling so thdt the arbitrary datum may be recovered if the
gauge and refefence marks are destroyed. A permanent datum
must be maintgdined so that only one datum for the stage record
is used for the [life of the station.

8.1 Gauge gero

The zero of tHe gauge should be correlated with a (national
datum through|a station bench mark. The relation between the
gauge zero and|the station bench mark shall be checked at least
annually. Also,|the relation between the gauge zero and other
divisions shall e checked from time to time._The tolerance on
the transfer of|the level from the statign bench mark to the
gauge shall nof exceed + 1,0 mm.

8.2 Station|bench mark

The station berjch mark shall be set in a position offering max-
imum security against disturbance. It should be securely fixed
in a concrete block.or'similar mounting that extends below the
ground surfacelta’alevel free from disturbance, such as frost. It

These gauges shall meet the following\ functional re-
quirements :

a) they shall be accurate and clearly marked
b) they shall be durable and\easy to maintain;

c) they shail be simple‘totinstall and use.

9.1.2 Material

The material of which a gauge is constructed sha}l be durable,
particularly in_alternating wet and dry condition$ and also in
respect of the resistance to wear or fading of the nparkings. The
materialshould have a low coefficient of exr:[ansion with
respect\to temperature or wetting effects.

9.1.3 Graduation

9.1.3.1 The graduations of a vertical gauge shpll be clearly
and permanently marked directly on a smoéth sufface or on a
gauge board. The numerais shall be legible and placed in such a
way that there is no possibility of any ambiguity. [A typical ex-
ample is shown in figure 1.

9.1.3.2 The graduations of an inclined gauge may be directly
marked on a smooth surface or on a gauge board|as described
in 9.1.3.1, or may be carried on manufactured gauge plates
designed to be set for particular slopes. Except Wwhere use is
made of manufactured gauge plates designed tq be set to a
specified slope, an inclined gauge should be caliljrated in-situ
by precise levelling from the station bench mark.

9.1.3.3 Gauge plates shall be manufactured| in suitable
lengths with the width of the scale not less than p0 mm.

should be correlated-with-a-national-survey-datur-by-aceurate

levelling. To facilitate accurate levelling between the station
bench mark and the gauge zero, the bench mark -should be
located in a position such that the transfer of the level may be
carried out by reciprocal levelling or with equally balanced
foresights and backsights on the setting of the level.

9 Direct water-level indication devices

Water level gauges may be either the direct or the indirect type,
with measuring instruments of the fixed or movable type, such
as vertical and inclined gauges, needle gauges, float gauges,
and wire weight gauges classified as direct reading in-
struments. The significant feature of this group of water-level

4

9.1.3.4 The marking on the gauge should be made to read in
multiples of millimetres. The smallest graduation shall depend
on the accuracy required, but may correspond to 10 mm.

9.1.3.5 The markings of the subdivisions shall be accurate to
+ 0,5 mm, and the cumulative error shall not exceed 0,1 % or
0,5 mm whichever is greater.

9.1.4 Installation and use

9.1.4.1 General

The gauge should preferably be placed near the side of the
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stream so that a direct reading of water level may be made. If
this is impractical because of excessive turbuience, wind effect,
or inaccessibility the measurement may be made in a suitable
permanent stilling bay or stilling well in which the wave actions
are damped and the level of the water surface closely follows
the fluctuations of the water level in the stream. To ensure this,
intakes to stilling wells should be properly designed and
located.

The gauge should be located as closely as possible to.the
measuring section without affecting the flow conditions at this
point. It should not be placed where the water is disturbed by

1ISO 4373-1979 (E)

b} the hook gauge, which is hook-shaped, and whose tip
is immersed and approaches the free surface from below.
{See figure 2.)

The vertical position may be determined by a graduated scale, a
tape with some vernier arrangement, or a digital indicator. The
scale is movable and graduated to read downward from top to
bottom in metres. Application of needle gauges consists of
positioning the needle of the gauge near the water surface and
detecting the moment the tip just touches the free surface, ap-
parently trying to pierce its skin. Setting a point exactly at the
water surface may be facilitated by electrical means.

turbulen(wmwm by drift. BTidge
abutmen or piers are generally unsuitable locations.

Wherevel the gauge is situated, it shall be readily and conve-
niently adcessible so that the observer may make readings as
nearly as [possible at eyelevel. Where necessary, the construc-
tion of alflight of steps to give convenient access is recom-
mended. [The gauge board or plate shall be securely fixed to the
backing Qut provision must be made for removing the gauge
board or plate for maintenance or adjustment. The edges of the
gauge boprd should be protected.

9.1.4.2 Mertical gauges

A suitable backing for a vertical gauge is provided by the sur-
face of a pwall having a vertical or nearly vertical face parallel to
the directjon of flow. The gauge board or backing plate shall be
attached o the surface so as to present a truly vertical face to
receive the graduations. The gauge board and backing plate
shall be spcurely fastened to the wall. Gauges may be fixed to
piles, eitHer driven firmly into the river bed or banks, or set’in
concrete o as to be free from sinking, tilting, or washing‘away.
In either dase the anchorage shall extend below the ground sur-
face to allevel free of disturbance by frost. In ordec-to avoid
velocity ¢ffects which may hinder accurate reading/ a pile may
be shapdd to present streamlined cutwaters upstream and
m or the gauge may be situated.ifa bay where it will
not be exposed to the force of the current. Where the range of
water levels exceeds the capacity of a single vertical gauge ad-
ditional sgctions may be installed.on the line of the cross sec-
tion nornjal to the direction of flow.

9.1.4.3 |nclined gauges

An inclingd gauge shall be instailed in such a manner to closely
follow the contour of the river bank. The profile of the bank
may be sUch that'a gauge of a single slope may be installed; fre-
quently hpwever, it may be necessary to construct the gauge in

The advantage of water-level needleqgalges is their high
measuring accuracy, whereas their disadvantage is their small
measuring range, usually about 1 m. HoweT/er, this disadvan-
tage can be overcome by installing a series pf datum plates at
different levels.

9.2.2 Functional requirements

9.2.2.1 A hgok“-or point gauge instalig
measurement of stage to be made at all levg
lowest to{above the highest level anticipate

9.2.2:2° There shall be good illumination d
the'tip meets the free liquid surface.

9.2.2.3 The hook or point shall be made o
strong to resist deformation in transport and
tions of use. The tip shall be tapered to a g
cluded angle of approximately 60° and the pq
ed to a radius of approximately 0,25 mm. (§

9.2.3 Material

A hook or point gauge and auxiliary pa
throughout with durable corrosion resistant

9.2.4 Graduation

tion shall permit
bls from below the
.

f the place where

metal sufficiently
under field condi-
oint having an in-
int shall be round-
ee figure 3.)

ts shall be made
materials.

The graduations of a hook or point gauge shall be in millimetres

and shall be clearly and accurately mark
micrometer head may be provided which

ed. A vernier or
allows reading to

0,1 mm. However, such a reading accuracy is normally only re-

quired for laboratory measurements.

several s Teratin

stallation requirements given in 9.1.4.2 apply.

9.2 Needle gauges

9.2.1 General

A needle water-level gauge consists of a point and some means
of determining its exact vertical position relative to a datum.
The two types of needle gauges are :

a) the point gauge, whose tip approaches the free surface
from above, and

9.2.5 Installation and use

9.2.5.1 A hook or point gauge may be mounted over an open
water surface at the edge of a stream if conditions permit. If
this is not practicable because of turbulence, wind effect, or in-
accessibility, a suitable permanent stilling bay or stilling well
should be installed.

9.2.5.2 The location of the hook or point gauge should be as
close as possible to the measuring section and should be con-
veniently accessible to the observer.

9.2,5.3 The gauge shall not be installed in a location where
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the Water surface is disturbed by turbulence, wind effect, or af-
flux. The vicinity of bridge abutments or piers is generally un-
suitable.

9.2.5.4 Where more than one datum plate or bracket is pro-
vided at different levels, it is preferable that all should lie.on'the
line of a single cross section normal to the direction of flow in
the stream. If this is not practicable and it is necessary to stag-
ger the points, all should lie within a distance of 1 m on either
side of the cross section line.

9.4 Wire-weight gauge

9.4.1 General

The typical wire-weight gauge consists of a drum wound with a
single layer of cable, a bronze weight attached to the end of the
cable, a graduated disc, and a counter, all housed within a pro-
tective housing (see figure 4). The disc is graduated and is per-
manently connected to the counter and the shaft of the drum.
The cable is guided to its position on the drum-by a threading
sheave. The reel is equipped with a pawl and ratchet for

holding the weight at any desired elevation The gauge is set so

9.2.5.5 Datuni plates and brackets shall be mounted on a
secure foundatipn which extends below the frost line.

9.2.6.6 The elgvation of the datum plates, with references to
which the leve| of the free surface is determined, shall be
established with great care. This elevation shall be checked
from the station bench mark at least annually. The tolerance on
the transfer of igvel from the station bench mark to each datum
plate shall not gxceed + 1,0 mm.

9.3 Float gquges

9.3.1 Genera

The float gaugd is used chiefly as an inside reference gauge in
water stage measurements. The typical float gauge consists of
a float operatirlg in a stiling well, a graduated steel tape, a

counterweight,
grooved on the

a pulley, and a pointer. The float pulley is
circumference to accommadate the tape, and

mounted on a stipport. The tape is fastened to the upper side of

the float and ry
above. the well.

ns slip-free over the pulley in the gauge shed
It is kept tight by a counterweight at the.free

end or by a spring. In this way stage fluctuations are sensed by
the float which |positions the tape with respect to the pointer.

9.3.2 Functiofal requirements

9.3.2.1 A floafgauge installation shall permit measurement of
stage to be made at all levels from bélow the lowest to above
the highest leve] anticipated.

9.3.2.2 Float gnd countérweight dimensions and the quality
of the elements|of the.méchanical device for remote indication
shall be selectedl socthat there is a sufficiently high indication
accuracy and wprking reliability.

that when the bottom of the weight is at the water|surface, the
gauge height is indicated by the combined reaqings of the
counter and the graduated disc.

9.4.2 Functional requirements

A wire-weight gauge should permit measuremen{ of stage to
be made at all levels.

9.4.3 Material

A wire-weight gauge shall be made throughout yith durable
corrosion-resistant materials.

9.4.4 Graduation

The "graduations of the wire-weight gauge stould be in
millimetres. )

9.4.5 Installation and use

9.4.5.1 The wire-weight gauge is used as an outsifle reference
gauge where other outside gauges are difficult to maintain. The
wire-weight gauge is normally mounted where ther¢ is a bridge,
or other structure over the water.

9.4.5.2 The gauge shall not be installed in a locption where
the water surface is disturbed by turbulence, windl effects, or
afflux. The vicinity of bridge abutments or piers is denerally un-
suitable.

9.45.3 The check bar elevation of the wire-wegight gauge
should be read frequently ‘to ensure reliability of ¢orrect base
elevation. :

9.3.2.3 The float shall be made of durable corrosion-resistant
and anti-fouling material. It shall be leakproof and function in a
truly vertical direction. lts density shall not change significantly.

9.3.2.4 The float shall be checked at frequent intervals to
make sure that it is floating properly, and care should be taken
to see that the tape does not become twisted or fouled and that
the indicated stage is the same as the water level in the stream.

9.3.3 Graduation

The graduations of the float gauge shall be in millimetres and
shall be clearly and accurately marked.

9.5 Other direct reading gauges

There exist other direct reading gauges of various types, for ex-
ample, those where the water level is detected by one or several
points or by a small float, and where the sensing element is
positioned with a servo-mechanism.

However, these instruments are not so commonly used as to be
included in this International Standard.

10 Indirect water-level indication devices

Indirect water-level indication devices include those gauging
systems which convert a pressure or electrical signal to an out-
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put which is proportional to the water level. Of the indirect
devices available, those in most common usage are the
pressure type, such as the servo-manometer and the servo-
beam balance.

10.1 Pressure gauges

Pressure-gauges are frequently used at sites where it would be
too expensive to install stilling wells. They are also used on
sand-channel streams because the intake line can be extended
to foIIow a stream channel that shifts its location, and if the

pressure pt a fixed point below the water surface, and then
utilizing the hydrostatic principle that the pressure of a liquid is
proportiohal to the depth.

10.1.1.1 | Direct transmission of pressure

The methpd of transmitting pressure from the water column to
the sensof may be direct or indirect. When the sensor is located
below thd point in the water column at which the pressure is to
be measufed, the water pressure may be transmitted directly to
the sensor. However, if the sensor is located above. the water
column, the direct method is usually not satisfactory because
gases enfrained in the water can create air locks in the line.
Also, if the water is highly corrosive, it is undesirable tobring it
into direct contact with the sensor.

10.1.1.2 |Gas-purge (bubbler) technique

The most] successful and widely used(méthod of transmitting
pressure if the gas-purge techniqueThis technique may be us-
ed regardless of the elevation of-the pressure device with
respect tq the water column;and-because the water does not
come intd direct contact with\the pressure sensor, it is suitable
for use in| highly corrosive’waters.

In the gag-purge technique a small discharge of non-corrosive
gas or compressed.air is allowed to bleed into a tube, the free
end of which/has been lowered into the water and fixed at an
elevation elow the water column to be measured. For exam-
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conversely, a higher rate will provide a continuous
discharge of gas from the opening in the bottom of the
tube. The gas is usually supplied from a cylinder or by an air
compressor. In either case, the supply must have a delivery
pressure in excess of the range to be measured.

b} A pressure reducing valve must be provided so that a
pressure safely in excess of that of the maximum range can
be set. A flow control valve and some form of visual flow
rate indicator is necessary, so that the discharge of gas sup-
plied to the system can be properly adjusted. The pressure
should be set to prevent water from enterlng the tube, even

c)' Incorrect readings due to the friction|of the gas moving
through the tube should be minimizéd. Lgng lengths of tube
or very small diameter tubing aggravat¢ the friction pro-
blem. This problem is fréguently. solved by running two
tubes to a junction very near to the orificelwith one tube ser-
ving as a gas-supply Jine and the other as a pressure-
detection line. Undef this arrangement th¢ movement of gas
in the pressure detéction line is kept to a minimum, thereby
reducing the friction to a minimum.

d) The ‘tubing should be installed wiith a continuous
negative slope to the orifice (see figure 4).

101:1.3 Pressure bulb system

Where there is no gas supply available, a prgssure bulb system
is sometimes used to transmit pressure td the sensor. This
device, frequently referred to as an elastic| pressure bulb, is
usually made of a casting in the form of a short hollow cylinder
with one open end. The open end is sealed With a slack, highly
flexible diaphragm, and the cylinder is conngcted by means of
tubing to the pressure sensor. The whole uhit forms a closed
gas system with pressure initially equal to [atmospheric. The
cylinder is lowered into the water and fixgd at an elevation
below the water column to be measured. The slack diaphragm
permits water pressure to compress the gas in the cylinder until
the pressure within the system is proportiongi to the height of
the water column above. One of the major| disadvantages of
this device is that ultimately an excessive amount of gas will
escape from the system with a resultant |stretching of the
diaphragm. When this occurs the pressure within the system
will no longer be equal to the pressure head. [This disadvantage
can be overcome by periodic renewal of gas|within the system
or replacement of the pressure bulb and tubipg. It is difficult to
maintain the accuracy stipulated under dlause 7 with this
device.

ple, dry
located at the opposite end, detects the pressure of the gas re-
quired to displace the liquid in the tube; this pressure is directly
proportional to the head of liguid above the orifice.

When using the gas-purge technique there are certain installa-
tion and operation requirements that should be observed. The
principal ones are as follows :

al An adequate supply of gas or compressed air must be
provided. A continuous flow of gas to the tube is necessary
to prevent the liquid from entering it when the water level is
rising. A particular rate of gas supplied will cause the
pressure in the system to rise at the same rate as the head. If
gas is supplied at a lower rate, liquid will enter the tube; and

10.1.2 Servo-manometer and servo-beam balance

Both the servo-manometer and the servo-beam balance are
pressure sensors that convert the pressure detected to a rota-
tional shaft position proportional to the height of the column of
water. The shaft position is used for driving a recorder and a
water-level indicator. As the name implies, the servo-
manometer is essentially a manometer with a servo-system
detecting and following the liquid differential within the
manometer. The servo-beam balance is a beam balance with a
pressure bellows on one side of the beam and a weight on the
other. Here the servo system positions the weight so that the
beam is in balance and detects this position.
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10.1.2.1 Water density compensation

Since the density of the water which the sensor is to measure
will vary with temperature and also with chemical and silt con-
tent, either automatic or manual means of compensating for
these changes should be provided.

10.1.2.2  Changes in gas weight

If one of the ga
made for compensating for changes in the
, as all gases vary in weight with temperature
Bnges.

10.1.2.3 Range

The range of the|instrument shall be adequate to accommodate
any anticipated fanges in water level.

10.1.2.4 Response

The response of the instrument shall be sufficiently rapid to
follow any expected rate of change in-water level.

10.1.3 Miscellaneous pressure sensors

There are numerous pressure sensors available commercially
operating on numerous principles. Most of these have an elec-
trical output which is proportional to the pressure sensed. They
are occasionally used for the detection of water level. The pro-

electioni peRdent— } application in-
volved. Their application is generally restricted tolimited ranges
because the accuracy requirements set out inclauge 7 are dif-
ficuit to meet over extended ranges.

10.2 Other indirect stage méasuring devjces

There are also a number of stage)measuring devicds based on
electrical, acoustic or opticalZprinciples. However,|since they
are not frequently used in.gpen channel measuremepts they are
not covered in this International Standard.



https://standardsiso.com/api/?name=8b36c539a1cdf8dab7416aaac23cd7a9

Section four :

11 Mechanical recorders

11.1 General

The mechanical recorder described in this section is the shaft-
angular-input type. Such a recorder can be classified as either
analog or digital, depending upon the mode used in recording
the rotational posmon of the |nput shaft The analog recorder

values wi h reSpect to time, whrle the drgltal recorder punches
coded pafameter values on paper tape at preselected time inter-
vals. Analog recorders can further be classified into two types,
those which record continuously for an indefinite period of time
or those which record continuously for a fixed period of time
(daily, weekly, monthly, etc.).

Regardlegs of the type, any mechanical water-level recorder

should sgtisfy the requirements enumerated in the following
paragraphs.

11.2 Dtiving torque

Angular movement of the input shaft drives. the stylus of an
analog regorder or the coding mechanism of the digital recorder
by the UJse of a mechanical linkage. Because mechanical
linkages generate some friction, sufficient driving torque shall
be supplled to overcome this friction. For a water-level
recorder, [this driving force is usually supplied by water displac:
ing a float and is transmitted by a float line and counterweight
to the driye pulley. If the friction is high, i.e., the driving torque
required o position the recording element is high, thenan ap-
preciable lag, following a change in the water ievel, will result.
It is therdfore desirable for the driving torque to be as low as
feasible, and in no case should it exceed 7.mN.m. .

11.3 Hysteresis {lost motion)

_ The mecHanical linkage mentioned’in the preceding paragraph
also resulks in some hysteresis) Usually either gear trains or
sprockets| and chains or."a Jcombination thereof form the
mechanicgl linkage, and. the play between the teeth of gears or
the slack in the sprogket chain is the cause of this hysteresis. If
the input $haft is rotated in one direction until the stylus follows
and then the diréction of rotation reversed, the total hysteresis
is that amount of motion required to cause the stylus to follow
in the revdrsed direction. It is desirable to keep such lost motion

1SO 4373-1979 (E)

Recording devices

however, both are of consequence. Therefore, best resuits will
be obtained if the ciock mechanism is of high quality. The clock
mechanism itself should be protected from dirt, corrosion, and
insects by its own housing.

11.4.1 ‘Accuracy

The accuracy of the clock shall be wrthln 1 30 s per day (ac-
3 ed : f at least 30 days.

11.4.2 Movement adjustment

A movement adjustment is to be'provided tq permit regulation
within the accuracy requirements set forth gbove.

11.5 Paper (chart-ortape)

Paper expands and-contracts with changes irl both temperature
and humidity; the amount of change depenjs upon the quality
of the papef.“A great portion of the accufacy of an analog

recorder depeénds upon the accuracy with

printed on the chart paper and the stability
paper. tape from a digital recorder is maching
errors only if the paper is stable within reas

vhich the scale is
of the paper. The
-readable without
bnable tolerances.

The paper supplied should therefore remain stable within

relatively close tolerance throughout the ran
and humidity conditions expected.

11.6 Stylus

The stylus of an analog recorder is usually a
pen is used, the pen and ink shall be su
readable trace is produced without blotting

a readable trace. A pencil too hard wili fail t

ge of temperature

pen or pencil. If a
ich that- an easily
br otherwise runn-

produce a legible

ing. If a pencil is used, it shall be of proper hqrdness to produce

trace and may tear the.chart paper. A pencil
rapidly and quickly fail to produce a legible

11.7 Errors

There are several sources of errors. when wi

too soft will wear
race.

ter level is sensed

by fioat and transmitted to a shaft-angular-ifput recorder by a
fioat line and counterweight. Some of thesd sources of errors
have been discussed in the preceding paragnaphs, others have
not been previously mentioned. All will be simmarized below.

to a minimum but in no case should it exceed limits of ac-
curacy, that is, 3 mm.

11.4 Timing mechanism

The timing mechanism consists essentially of a clock element
which shall be both sturdy and reliable. In the case of analog
recorders, the timing mechanism either rotates the chart paper
past the stylus or governs the rate at which the chart paper
moves past the stylus. In the case of the digital recorder, the
timing mechanism programs the interval at which data are
recorded.

High precision in time is not as important as reliable operation;

11.7.1  Friction

The error, E, caused by friction in the driving mechanism can
be calculated, in metres, from the following formuia :

F
E = ——e—
nR12Ro08
where
F _is the driving torque in newton metres;

¢ is the density in kilograms per cubic metre;
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R, is the radius of the float, in metres;
R, is the radius of the pulley, in metres;

g is the acceleration due to gravity in metres per second
squared.

This error applies fully — both to the rising stage and to the fall-

ing stage. it can be reduced by increasing the diameter of the
float.

11.7.2 Hysteresis

11.8 Environmental requirements

The recorder shall

operate satisfactorily over

ambient

temperature and relative humidity ranges applicable to local

conditions.

11.9 Material

All parts of the recorder shall be manufactured

of materials

which will resist corrosion under conditions of field usage.

1110 Housing

The error causgd by the lost motion in the driving mechanism is
fixed and can lbe determined as described in 11.3. The recorder
can be adjusted so that equal amounts of slack exists in each
direction of rofation when all elements are in equilibrium, then
half the error Will apply when the stage is falling and half when
the stage is risjng.

11.7.3 Line ghift

As the stage clianges the amount of float line on one side of the
float pulley versus that on the opposite side aiso changes. This
change of line| hence weight, changes the depth of floatation
of the float which causes an error in the indicated stage. This

error, E, may be calculated, in metres, from the following for-
mula :

where
ANh o is the|difference in stage, in metres;
W is the mass (in kilograms) of the float line-per metre;
R is the rddius of the float in metres;
@ is the d¢nsity in kilograms per cabic metre.

As can be seer), the error may be _plus or minus from the point
of equilibrium, |depending on_whether the stage rises or falls.

11.7.4 Paper

The recorder shall be housed in a drip-proof
weather-resistant case. It is desirable thatthecass
a window so that visual inspection ofrthe record
without opening the case.

11.11 Levelling of the input shaft

If the input shaft is not horizontal, then binding o
with the pulley will ocedr; and, if sufficiently ou
line will jump off the'pulley. Means of horizontal I4

input shaft shall be provided. This is usually acc
providing adjustable feet to the recorder.

11.12_(©Operational manual

Atgeneral operational manual shall be provid
descriptions and diagrams as necessary for pro
and maintenance of the recorder.

12 Pressure actuated recorders

12.1 General

Pressure-actuated recorders described in this clayl

in design and relatively rugged in construction.

however, susceptible to errors and, consequently
quently used in recording water level.

They usually consist of a pressure sensing elem

linked to the pressure element by a lever arrangg
chart driven by a clock.

12.2 Pressure range

dust-proof,
shall contain
can be made

the float line
of level, the
velling of the
bmplished by

with such
er operation

e are simple
They are,
, are not fre-

ent, a stylus
ment, and a

As mentioned jn11.5, paper expansion and contraction is also
a source of err

to the amount of change in paper between the base line and the
indicated change.

Any error caused by paper expansion in punched paper tape
cannot be predicted. If the change is great enough, the tape
may not be machine-readable at all.

11.7.5 Ambiguity

In digital recorders, if the stage is between digits, the recorder
shall be forced to the nearest digit before the tape is punched in
order to prevent ambiguity. Therefore, an error of plus or minus
one half digital unit may be introduced.

10

The pressure range of the recorder shall be selected to closely

coincide with the total range of the pressure of the water ex-
pected since the accuracy of such a device is a function of its
full scale value. Care, however, shall be exercised to allow for
any extreme condition since over-pressure may cause damage
to the pressure sensing element.

12.3 Hysteresis

The lever type mechanical element used in pressure actuated
recorders usually has very little lost motion, however, the
pressure sensing element itself may have considerable
hysteresis. Consequently, only those of high quality, both in
material and workmanship should be used.
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12.4 Timing mechanism
The clock mechanism which rotates the chart plate shall be of

high quality to obtain the most reliable operation. It shall be
protected from dirt, corrosion, and insects by its own housing.

12.4.1 Accuracy

The accuracy. of the clock shall be within £ 30 s per day (ac-
cumulative) to the measured over & period of at least 30 days.

12.4.2

1SO 4373-1979 (E)

12.7.3 Change in calibration

Several sources do cause changes in the calibration of pressure
sensing elements.

12.7.3.1 Temperature

Changes in temperature cause expansion and contraction of
the material of which the pressure sensing element is made as
well as changes in the flexibility of the material. Expansion or
contraction causes ‘a displacement in the ““zero’’ or reference
point of the recorder. A change in flexibility causes a change in

H $pncy Saanak
JaItrmeTnt

A movempnt adjustment shall be provided to permit regulation
within the requirements set forth above.

12.5 Paper

Paper exgands and contracts with changes in both temperature
and humigity; the amount of change depends upon the quality
of the pdper. A great portion of the accuracy of an analog
recorder flepends upon the accuracy with which the scale is
printed on the chart paper and the stability of the paper. The
paper sugplied should therefore remain stable within relatively
close tolgrance throughout the range of temperature and
humidity ponditions expected.

12.6 Stylus

The stylu$ of an analog recorder is usually a pen or pencil_if a
pen is uged, the pen and ink shall be such that aneasily
readable {race is produced without blotting or otherwise runn-
ing. If a pgncil is used, it shall be of proper hardness’to produce
a readablé trace. A penci! too hard will fail to\produce a legible
trace and|may tear the chart paper. A penciktoo soft will wear
rapidly and quickly fail to produce a legible’ trace.

12.7 Ejrors

The sourges of errors and‘their causes are summarized below.

12.7.1 Hysteresis

the range or calibration o1 ihe recorder. Bpth errors can be
quite significant. Sometimes bimetal strips)jor other methods
are used to counteract the effects of témperdature changes and
should be incorporated for compensation.

12.7.3.2 Atmospheric pressure

A change in atmospheyic.pressure causes a djsplacement in the
“zero” or reference poibt of the recorder. Since changes in at-
mospheric pressuré. are occurring continugusly and can be
quite large the/offset is varying continuouslyl and the error can
also be very/significant.

12.7.3.3\ Altitude
Plaging the recorder at an altitude other than the one it is
calibrated for has the same effect as a change in atmospheric
pressure. This, however, is a constant offsgt and can be cor-

rected. It is desirable that a means be inforporated in the
recorder for adjusting for altitude.

12.8 Environmental requirements
The recorder shall operate satisfactori:ly over ambient

temperature and relative humidity ranges gpplicable to local
conditions.

12.9 Materials

All parts of the recorder shall be manufactufed from materials
which will resist corrosion under conditions of field usage.

1210 Housing

The recorder shall be housed in a drip-proof ) weather-resistant

The error[caused by the lost motion in the lever system connec- case. It is desirable that the case shall contain a window so that
ting the stylus to the pressure sensing element added to the visual inspection of the record can be madl without opening

hysteresis (dead zone) in the pressure sensing element itself ac-
count for the total lost motion. This error can only be determin-
ed by carefully controlled and measured changes in pressure.

12.7.2 Paper

As stated in 12.5, paper expansion and contraction is also a
source of errors in analog recorder records. This error is equal
to the amount of change in paper between the base line and the
indicated change.

Any error caused by paper expansion in punched paper tape
cannot be predicted. If the change is great enough, the tape
may not be machine-readable at all.

the case.

12.11 - Operational manual
A general operational manual shall be provided with such
descriptions and diagrams as necessary for proper operation
and maintenance of the recorder.
13 Electronic recorders

13.1 General

The electronic recorder -consists of a case, an operating

"
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mechanism, a stylus, and a chart transport mechanism. The
function of the operating mechanism is to position the stylus to
the proper location on the chart in response to a signal.
Although there is an extremely wide assortment of electronic
recorders available, there are basically only two types, those
with a direct acting operating mechanism and those with a
servo-operated mechanism. The low torque and -relatively
limited output motion of a direct acting mechanism will position
only a light, low friction stylus over a limited range, whereas the
sturdy servo-operated mechanism has ample power and a
much wider motion capability.

13.3.2 Adjustment

If the timing mechanism is of the escapement type, a move-
ment adjustment shall be provided to permit regulation within
the accuracy requirement set forth above.

13.4 Paper

Paper expands and contracts with changes in both temperature
and humidity; the amount of change depends upon the guality
of the paper. A great portion of the accuracy of the record

13.2 Operating mechanism

The operatind mechanism is the heart of the electronic
recorder. lts quality and the technigues employed in its design
determine the characteristics of the entire recorder.

13.2.1 Accuracy

The accuracy ¢f the recorder is usually expressed as a percen-
tage of full scdle. The error of a good quality recorder should
not exceed 0,3 % of its full scale reading. Usually the servo-
operated mecHanism employing a null balance technique, cor-
rectly called a[servo-balanced potentiometer, will provide the
greatest accurgcy.

13.2.2 Readdgbility

The overall mpvement of the operating mechanism (stylus)
should be adequate to allow discrimination of the smallest in-
crement to belread. Of course, the width of the chart papet
shall be as gredt as the stylus movement.

13.2.3 Stabilfty

The stability of the recorder is the ability of the-recorder to
maintain the sane reading within a given tolerance for the same
input signal. Al recorder used for the recording of water level
should be stable within plus or minus two readability divisions
over a 30 day period.

13.3 Timing mechanism

The clock whigh drives the/chart mechanism should be both
sturdy and religble.

13.3.1 Accurpcy

dep is printed on
the chart paper and the stability of the paper., Pager of only the

best quality and with an accurate scale printing shpuld be used.

13.5 Stylus

The stylus of an analog recorder is usuaily a pen jor pencil. If a
pen is used, the pen and-ink’ shall be such that an easily
readable trace is producediwithout blotting or otherwise runn-
ing. If a pencil is used, jt.shall be of proper hardneks to produce
a readable trace. A¢encil too hard will fail to produce a legible
trace and may tear the chart paper. A pencil too $oft will wear
rapidly and quickly fail to produce a legible trace

13.6 Environmental requirements

The, recorder shall operate satisfactorily oyer ambient
temperature and relative humidity ranges -applidable to local
conditions,

13.7 Materials

The recorder shail be constructed of materials ang housed in a
manner as to function satisfactorily under conditions of field
usage for prolonged. periods of time.

13.8 Housing

The recorder shall be housed in a drip-proof| dust-proof,
weather-resistant case. It is desirable that the case[shall contain
a window so that visual inspection of the record fan be made
without opening the case.

13.9 Operational manual

The accuracy of the timing mechanism shall be within + 30 s
per day (accumulative) to be measured over a period of at least
30 days and should perform within the requirements of 13.6.

12

A general operational manual shall be provided with such
descriptions and diagrams as necessary for proper operation

. and maintenance of the recorder.
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Figure 2 — Arrangement of hook, point and electrical depth gauges
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