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The CANADIAN GENERAL STANDARDS BOARD (CGSB),
under whose auspices this standard has been developed is a
government agency within the Federal Department of Supply and
Services. CGSB is engaged in the production of voluntary
standards in a wide range of subject areas through the media of
standards committees and the consensus process. The standards
committees are composed of representatives of relevant interests
including producers, consumers and other users, retailers,
governments, educational institutions, technical, professional and
trade societies, and research and testing organizations. Any given
standard is developed on the consensus of views expressed by
such representatives. The Minister’s Advisory Council on CGSB
reviews the results of the consensus process.

CGSB has been accredited by the Standards Council of Canada as
a national standards-writing organization. The standards that it
develops and offers as National Standards of Canada conform to
the criteria and procedures established for this purpose by the
Standards Council of Canada. In addition to standards it publishes
as national standards, CGSB produces standards to meet particular
needs, in response to requests from a variety of sources in both the
public and private sectors. Both CGSB standards and national
standards developed by CGSB are developed in conformance with
the policies described in the Policy Manual for the Development
and Maintenance of Standards by CGSB.

CGSB standards are subject to review and revision at any time, so
as to ensure that they keep abreast of technological progress.
Suggestions for their improvement, which are always welcome,
should be brought to the notice of the standards committees
concerned. Changes to standards are issued either as separate
amendment sheets or in new editions of standards.

An up-to-date listing of CGSB standards, including details on
latest issues and amendments, and ordering instructions, will be
found in the CGSB Catalogue, which is published annually and is
available without charge upon request.

Although the intended primary application of this standard is
stated in its Scope, it is important to note that it remains the
responsibility of the users of the standard to judge its suitability
for their particular purpose.

Many tests required by CGSB standards are inherently hazardous.
CGSB neither assumes nor accepts any responsibility for any
injury or damage that may occur during or as the result of tests,
wherever performed.

CGSB takes no position respecting the validity of any patent
rights asserted with any item connected with this standard. Users
of this standard are expressly advised that determination of the
validity of any such patent rights are entirely their own
responsibility.

Further information on CGSB and its services and standards may
be obtained from:

The Secretary

Canadian General Standards Board
Ottawa, Canada

K1A 1G6

The STANDARDS COUNCIL OF CANADA is the co-ordinating
body of the National Standards System, a federation of
independent, autonomous organizations working towards the
further ~development and improvement of voluntary
standardization in the national interest.

The principal objectives of the Council are to foster and promote
voluntary standardization as a means of advancing the national
economy, benefiting the health, safety and welfare of the public,
assisting and protecting the consumer, facilitating domestic and
international trade, and furthering international co-operation in the
field of standards.

A National Standard of Canada is a standard which has been
approved by the Standards Council of Canada and one which
reflects a reasonable agreement among the views of a number of
capable individuals whose collective interests provide, to the
greatest practicable extent, a balance of representation of
producers, users, consumers and others with relevant interests, as
may be appropriate to the subject in hand. It normally is a
standard that is capable of making a significant and timely
contribution to the national interest.

Approval of a standard as a National Standard of Canada indicates
that a standard conforms to the criteria and procedures established
by the Standards Council of Canada. Approval does not refer to
the technical content of the standard; this remains the continuing
responsibility of the accredited standards-writing organization.

Those who have a need to apply standards are encouraged to use
National Standards of Canada whenever practicable. These
standards are subject to periodic review; therefore, users are
cautioned to obtain the latest edition from the organization
preparing the standard.

The responsibility for approving National Standards of Canada
rests with the:

Standards Council of Canada
350 Sparks Street

Ottawa, Ontario

K1P 6N7

How to order CGSB Publications:

by Telephone — (819) 956-0425 or
— (819) 956-0426

by Fax — (819) 956-5644

by Mail — CGSB, Sales Unit
Ottawa, Canada
K1A 1G6

in Person — Place du Portage III, 9C1
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CAN/CGSB-157.3-M91

CANADIAN GENERAL STANDARDS BOARD
Preface to the National Standard of Canada

This National Standard gives requirements and recommendations concerning the establishment and operation of a
gauging station for the measurement of stage, discharge or both. It has been prepared by CGSB’s Standards
Committee on the Measurement of Liquid Flow in Open Channels. It is similar in content and layout to the
International Standard ISO 1100/1, “Liquid Flow Measurement in Open Channels — Part 1: Establishment and
Operation of a Gauging Station” published by the International Organization for Standardization (ISO).

ISO 1100/1 was reviewed by the Standards Committee to determine its suitability for Canadian use. An asterisk (*)
is used to indicate those sections which differ from ISO 1100/1. In addition, CGSB’s committee has made editorial
changes to the style of certain sections to make them more comprehensible to Canadian users.




1.1

1.2

1.3

*2.

2.1

2.1:1

CAN/CGSB-157.3-M91

CANADIAN GENERAL STANDARDS BOARD

LIQUID FLOW MEASUREMENT IN OPEN CHANNELS —
ESTABLISHMENT AND OPERATION OF A GAUGING STATION

SCOPE

The standard gives requirements and recommendations concerning the establishment and operation of a gauging
station on a lake, reservoir, river or artificial open channel for the measurement of stage or discharge or both. It is
based on the International Standard ISO 1100/1, having the same title. An asterisk (*) is used to indicate those
sections that differ from ISO 1100/1.

The requirements for a stage-measuring station are set out in section 5. The requirements for a discharge-measuring
station are classified under two headings:

a. Individual measurements — These include methods suitable for a single measurement of discharge or a limited
number of measurements often used to calibrate a station.

b. Regular measurements — These include methods suitable for relatively frequent measurements often made over
many years.

The testing and evaluation of a product against this standard may require the use of materials and/or equipment that
could be hazardous. This document does not purport to address all the safety aspects associated with its use. Anyone
using this standard has the responsibility to consult the appropriate authorities and to establish appropriate health
and safety practices in conjunction with any existing applicable regulatory requirements prior to its use.

APPLICABLE PUBLICATIONS
The following publications are applicable to this standard:

Canadian General Standards Board (CGSB)

CAN/CGSB-88.21-M — Graduations and Markings on Linear Measuring Instruments for Construction, Surveying
and Special Applications

CAN/CGSB-157.1-M — Liquid Flow Measurement in Open Channels — Vocabulary and Symbols
CAN/CGSB-157.2-M — Liquid Flow Measurement in Open Channels — Velocity Area Methods

CAN/CGSB-157.4-M/ISO 1100/2 — Liquid Flow Measurement in Open Channels — Part 2: Determination of
Stage Discharge Relation.

‘Canadian Standards Association (CSA)

CAN/CSA-Z234.1 — Canadian Metric Practice Guide.

International Organization for Standardization (ISO)

ISO 555/1 — Liquid flow measurement in open channels — Dilution methods for measurement of steady flow —
Part 1: Constant-rate injection method

ISO 555/2 — Liquid flow measurement in open channels — Dilution methods for the measurement of steady flow
— Part 2: Integration method

ISO 1070 — Liquid flow measurement in open channels — Slope-area method

ISO 1088 — Liquid flow measurement in open channels — Velocity-area methods — Collection and processing of
data for determination of errors in measurement

ISO 1100/1 — Liquid flow measurement in open channels — Part 1: Establishment and operation of a gauging
station




2.2

3.1

4.1

4.1.1

4.2

4.2.1

43

*4.3.1

ISO 1438/1 — Water flow measurement in open channels using weirs and Venturi flumes — Part 1: Thin-plate
weirs

ISO 2537 — Liquid flow measurement in open channels — Cup-type and propeller-type current-meters
ISO 3454 — Liquid flow measurement in open channels — Direct depth sounding and suspension equipment

ISO 3455 — Liquid flow measurement in open channels — Calibration of rotating-element current-meters in
straight open tanks

ISO 3846 — Liquid flow measurement in open channels by weirs and flumes — Free overfall weirs of finite crest
width (rectangular broad-crested weirs)

ISO 3847 — Liquid flow measurement in open channels by weirs and flumes — End-depth method for estimation
of flow in rectangular channels with a free overfall

ISO 4359 — Liquid flow measurement in open channels — Rectangular, trapezoidal and U-shaped

ISO 4360 — Liquid flow measurement in open channels by weirs and flumes — Triangular profile weirs

ISO 4366 — Echo sounders for water depth measurements

ISO 4369 — Measurement of liquid flow in open channels — Moving-boat method

ISO 4373 — Measurement of liquid flow in open channels — Water level measuring devices

ISO 4375 — Measurement of liquid flow in open channels — Cableway system for stream gauging

ISO 4377 — Liquid flow measurement in open channels — Flat-V weirs

ISO 5168 — Measurement of fluid flow — Estimation of uncertainty of a flow-rate measurement

ISO/TR 7178 — Liquid flow measurement in open channels — Velocity-area methods — Investigation of total

€I1Tor.

Reference to the above publications is to the latest issues, unless otherwise specified by the authority applying this
standard. The sources for these publications are shown in the Notes section.

TERMINOLOGY

For the purpose of this standard, the definitions and symbols given in CAN/CGSB-157.1-M apply.
WATER LEVEL (STAGE) GAUGING STATION

Principle

The stage of a stream or lake is the height of the water surface above an established datum plane. Water levels of
rivers, lakes and reservoirs are used directly in hydrological forecasting, in delineating flood hazard areas, and in the
design of structures in, or near, water bodies. When correlated with the discharge of streams, or with the volume of
storage in reservoirs and lakes, water levels are used as the basis for computation of records of discharge, or changes
in storage. Records of water level are obtained by systematic observations on a reference gauge, or from a water
level recorder.

Preliminary survey

A preliminary survey should be made of the physical and hydraulic features of the proposed site to ensure that it
conforms to the requirements necessary for the measurement of water level as specified in ISO 4373.

Selection of site

The site selected for observation of stage should be governed by the purpose for which the records are collected, the
accessibility of the site, and the availability of an observer if the gauge is non-recording. Gauges on lakes and
reservoirs are normally located near the outlet, but upstream from the zone where an increase in velocity causes a
drawdown in water level. Gauges on large bodies of water should also be located so as to reduce the effect of strong
winds which may cause damage or misleading data. Hydraulic conditions, such as channel slope, roughness, cross
section and straightness as well as the existence of backwater from downstream lakes, tributaries or obstructions are
important factors in site selection, particularly where water levels are used to compute discharge.

CAN/CGSB-157.3-M91




4.3.2

4.4

44.1

44.2

44.2.1

Gauging stations should conform to the requirements of the relevant sections of ISO 4373 which includes
recommendations for the design of the reference gauge, recorder, and stilling well.

Design and construction

A water level gauging station shall consist essentially of a reference gauge or gauges. Where a continuous record of
stage is not required, see par. 6.1.7.2. However, it is usual for a continuous record of stage to be required, and for
this purpose, a water level recorder is installed in addition to the reference gauge (see par. 6.1.7.3).

Reference gauge (see ISO 4373) — Reference 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 instruments. The significant feature of this group of water level indicators
is that the reading may be made directly in units of length, without any intervening influences. Indirect water level
indication devices include those gauging systems which convert a pressure or electrical signal to an output 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.

Vertical and inclined gauges — Such gauges comprise a scale marked on or attached to a suitable surface.
a. Functional requirements — These gauges should meet the following functional requirements:

i. They should be accurate and clearly marked.

ii. They should be durable and easy to maintain.

iii. They should be simple to install and use.

b. Material — The material of which a gauge is constructed should be durable, particularly in alternating wet and
dry conditions and also in respect to the resistance to wear or fading of the markings. The material should have a
low coefficient of expansion with respect to temperature or wetting effects.

c. Graduation

i. The graduations of a vertical gauge must be clearly and permanently marked directly on a smooth surface or
on a gauge board. The numerals shall be distinct and placed so that the lower edge of the numeral is close to
the graduation to which it refers.

ii. The graduations of an inclined gauge may be directly marked on a smooth surface or on a gauge board as
described in a. above, or may be carried on manufactured gauge plates designed to be set for particular
slopes. Except where use is made of manufactured gauge plates designed to be set to a specified slope, an
inclined gauge should be calibrated in situ by precise levelling from the station benchmark.

iii. Gauge plates should be manufactured in suitable lengths with the face of the scale not less than 50 mm in
width.

*iv. 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 normally be 5 mm.

v. The markings of the subdivisions shall be accurate to + 0.5 mm, and the cumulative error in length shall not
exceed 0.1% or 0.5 mm, whichever is greater.

d. Installation and use

i. General — The gauge should preferably be placed near the bank so that a direct reading of water level may
be made. If this is impracticable because of excessive turbulence, 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 water surface closely follows the fluctuations of the water level in the channel. 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 turbulence, or where there is
danger of damage by drift. Bridge abutments or piers are generally unsuitable locations. Wherever the gauge
is situated, it must be readily and conveniently accessible so that an observer may take readings as nearly as
possible to eye level. Where necessary, the construction of a flight of steps to give convenient access is
recommended. The gauge board or plate should be securely fixed to the backing but provision must be made

CAN/CGSB-157.3-M91 3




for removing the gauge board or plate for maintenance or adjustment. The edges of the gauge board should
be protected.

ii. Vertical gauges — A suitable backing for a vertical gauge is provided by the surface of a wall having a
vertical or nearly vertical face parallel to the direction of flow. The gauge board or backing plate should be
attached to the surface so as to present a truly vertical face to receive the graduations. The gauge board and
backing plate should be securely fastened to the wall. Gauges may be fixed to piles, either driven firmly into
the bed or banks, or set in concrete so as to be free from sinking, tilting, or being washed away. In either case
the anchorage should extend below the ground surface to a level free of disturbance by frost. In order to
avoid velocity effects which may hinder accurate reading, a pile may be shaped to be streamlined upstream
and downstream, or the gauge may be situated in a 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, additional sections
may be installed on the line of the cross section normal to the direction of flow. The scales on such a series
of stepped gauges should have adequate overlap. These stepped gauges should be installed at such intervals
as to ensure the measurement of water level at all stages of flow.

iii. Inclined gauges — An inclined gauge should be installed in such a manner as 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;
frequently however, it may be necessary to construct the gauge in several sections, each with a different
slope. The general installation requirements given in par. 4.4.2.1 apply.

4.4.2.2 Needle gauges

position relative to a datum. It is mainly used for checking or calibrating other gauges or recorders. The two types
of needle gauges are:

i. The point gauge, whose tip approaches the free surface from above.

ii. The hook gauge, which is hook-shaped, and whose tip is immersed and approaches the free surface from
below.

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. 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, apparently trying to pierce its skin. Setting a point exactly at the water surface may
be facilitated by electrical means.

The advantage of water-level needle gauges is their high measuring accuracy, whereas their disadvantage is their
small measuring range, usually about 1 m. However, this disadvantage can be overcome by installing a series of
datum plates at different levels.

b. Functional requirements

i. A needle gauge installation should permit measurement of stage to be made at all levels from below the
lowest to above the highest level anticipated.

ii. There must be good illumination of the place where the tip meets the free liquid surface.

iii. The hook or point should be made of material sufficiently strong to resist deformation in transport and under
field conditions of use. The tip should be tapered to a point having an included angle of approximately 60°
and the point shall be rounded to a radius of approximately 0.25 mm.

c. Material — A hook or point gauge and auxiliary parts should be made throughout with durable corrosion-

|
\
|
a. General — A needle water-level gauge consists of a point and some means of determining its exact vertical
resistant materials.

d. Graduation — The graduations of a hook or point gauge shall be in millimetres and shall be clearly and
accurately marked. A vernier or micrometer head may be provided which allows reading to 0.1 mm; however,
such a reading accuracy is normally only required for laboratory measurements.

e. Installation and use
i. A hook or point gauge may be mounted over an open water surface at the edge of a channel if conditions

permit. If this is not practicable because of turbulence, wind effect, or inaccessibility, a suitable permanent
stilling bay or stilling well should be installed.
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ii. The location of the hook or point gauge should be as close as possible to the measuring section and should be
conveniently accessible to the observer.

iii. The gauging point shall not be installed in a location where the water surface is disturbed by turbulence,
wind effect, or afflux. The vicinity of bridge abutments or piers is generally unsuitable.

iv. Where more than one datum plate or bracket is provided 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 channel; if this is not practicable
and it is necessary to stagger the points, all should lie within a distance of 1 m on either side of the cross-
section line.

v. Datum plates and brackets should be mounted on a secure foundation which extends below the frost line.

vi. The elevation of the datum plates, with reference to which the level of the free surface is determined, should
be established with great care. This elevation should be checked from the station benchmark (see par. 4.5.4)
at least annually. The uncertainty on the transfer of level from the station benchmark to each datum plate
shall not exceed + 1.0 mm.

4423 Float gauge

a. General — The float gauge is used chiefly as an inside reference gauge in water stage measurements. The typical

*c.

float gauge consists of a float operating in a stilling well, a graduated steel tape, a counterweight, a pulley, and a
pointer. The float pulley is grooved on the circumference to accommodate the tape, and mounted on a support.
The tape is fastened to the upper side of the float and runs slip-free over the pulley in the gauge shed above the
well. The tape 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.

. Functional requirements

i. A float gauge installation should permit measurement of stage to be made at all levels from below the lowest
or above the highest level anticipated.

ii. Float and counterweight dimensions and the quality of the elements of the mechanical device for remote
indication should be selected so that there is a sufficiently high indication accuracy and working reliability.

iii. The float should be made of durable corrosion-resistant and antifouling material. It should be leakproof and
function in a truly vertical direction. Its density should not change significantly.

iv. The float should float properly and the tape or wire should be free of twists or kinks.

Graduations — Unless otherwise specified (par. 9.1), the graduations of the float gauge shall be in millimetres
and shall be clearly and acccurately marked.

4424 Wire-weight gauge

@ :

to the end of the cable, a graduated disk, and a counter, all housed within a cast-aluminum box. The disk is
graduated and is permanently 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 pawl and ratchet for holding the weight at
any desired elevation. The gauge is set so that when the bottom of the weight is at the water surface, the gauge
height is indicated by the combined readings of the counter and the graduated disk.

a. General — A typical wire-weight gauge consists of a drum wound with a single layer of cable, a weight attached
| . Functional requirements
|

i. A wire-weight gauge installation should permit measurement of stage to be made at all levels from below the
lowest to above the highest level anticipated.

ii. The tape or wire should be free of twists or kinks.
iii. The weight should be made of durable corrosion-resistant material.

iv. The installation should be provided with a horizontal checking bar for checking the calibration datum of the
graduated disk or counter.

Installation and use

i. The wire-weight gauge is used as an outside reference gauge where other outside gauges are difficult to
maintain. The wire-weight gauge is normally mounted where there is a bridge, deck, or other structure over
the water.
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4.4.2.5

44.2.6

ii. The gauging point should not be installed in a location where the water surface is disturbed by turbulence,
wind effects, or afflux. The vicinity of bridge abutments or piers is generally unsuitable.

iii. The check-bar elevation of the wire-weight gauge should be read frequently to ensure reliability of correct
base elevation.

Crest stage gauge — The crest stage gauge is used to obtain a record of the peak level reached during a flood when
other methods of recording levels cannot be used. Peak discharges may be calculated from the water levels at two
gauges installed some distance apart in a stretch of channel, provided that the time lag between measurements is
negligible. These gauges do not meet the accuracy requirements of par. 4.6.

These gauges are locally made to different designs. Basically they may be a tube of about 50 mm internal diameter
down the centre of which runs a rod. The tube is perforated to permit rising water to enter, the perforations being
located to prevent drawdown or velocity head from affecting the static water level. The top of the tube must 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. Powdered cork in the bottom of the tube floats on the surface of the floodwater being deposited on
the centre rod as the water recedes. Alternatively the centre rod is coated with a paint whose colour is permanently
affected by water.

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 follow a stream
channel that shifts its location, and if the gas-purge technique is used, the gas flow tends to keep the orifice from
becoming plugged with sand.

a. General — One widely-used method of measuring water level is to measure the height of a column of water with
respect to some datum plane. This can be accomplished indirectly by sensing the water pressure at a fixed point
below the water surface, and then utilizing the hydrostatic principle that the pressure of a liquid is proportional to
the depth.

b. Functional requirements — The range of the instrument must be adequate to accommodate any anticipated ranges
in water level and the response must be sufficiently rapid to follow any expected rate of change in water level.

The method of transmitting pressure from the water column to the sensor may be direct or indirect. When the
sensor is located below the point in the water column at which the pressure is to be measured, 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 entrained in the water can create air locks in the line. Also, if the
water is highly corrosive, it is undesirable to bring it into direct contact with the sensor.

c. Gas-purge (bubbler) technique — The most successful and widely used method of transmitting pressure is the
gas-purge technique. This technique may be used regardless of the elevation of the pressure device with respect
to the water column; and because the water does not come into direct contact with the pressure sensor, it is
suitable for use in highly corrosive waters.

In the gas-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 below the water column to
be measured. For example, dry nitrogen is frequently used. The sensor, which is located at the opposite end,
detects the pressure of the gas required to displace the liquid in the tube; this pressure is directly proportional to
the head of liquid above the orifice.

When using the gas-purge technique there are certain installation and operation requirements that should be
observed. The principal ones are listed below:

i.  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 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.

ii. 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 are necessary, so that the
discharge of gas supplied to the system can be properly adjusted. The pressure should be set to prevent water
from entering the tube, even under the most rapid rates of change expected.
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iii. Incorrect readings due to the friction of the gas moving through the tube should be minimized. Long lengths
of tube or very small diameter tubing aggravate the friction problem. This problem is frequently solved by
running two tubes to a junction very near to the orifice with one tube serving as a gas supply line and the
other as a pressure detection line. Under this arrangement the movement of gas in the pressure detection line
is kept to a minimum, thereby reducing the friction to a minimum.

*jv. The tubing should be constructed with a continuous down slope to the orifice to prevent the development of
undesirable back pressure due to condensation or intrusion of water from the stream.

. Pressure bulb system — Where there is no gas supply available, a pressure bulb system is sometimes used to

transmit pressure to the sensor. This device, frequently referred to as an elastic pressure bulb, is usually made of
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 connected by means of tubing to the pressure sensor. The whole unit
forms a closed gas system with pressure initially equal to atmospheric pressure. The cylinder is lowered into the
water and fixed 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 proportional 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 the gas in the system by opening and re-sealing under atmospheric pressure and checking the
calibration. It is difficult to maintain the accuracy stipulated in par. 4.6 with this device.

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 rotational shaft position proportional to the height of the
column of water. The shaft rotation 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 balance 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.

Water density compensation — Since the density of the water in which the sensor operates will vary with
temperature and also with chemical and silt content, automatic or manual means of compensating for these
changes should be provided.

. Changes in gas weight — If one of the gas techniques is used to transmit pressure, provisions should be made for

compensating for changes in the density of the gas, as all gases vary in volume with temperature and pressure
changes.

Miscellaneous pressure sensors — There are numerous pressure sensors available commercially operating on
numerous principles. Most of these have an electrical output which is proportional to the pressure sensed. The
proper selection is dependent upon the particular application involved. Their application is generally restricted to
limited ranges because the accuracy requirements set out in par. 4.6 are difficult to meet over extended ranges.

443  Stilling well

4.4.3.1 Functional requirements of a stilling well

a.

b.

General — The function of the stilling well is:

i. to accommodate the instrument and protect the float system;

ii. to provide within the well an accurate representation of the water level in the channel;

iii. to damp out oscillations of the water surface.

Specific

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

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

iv.

vi.

vii.

viii.

ix.

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 enough upstream to be outside the area affected by the control.

The well shall be firmly founded when placed in the bank and firmly anchored when standing in the stream
so as to remain stable at all times.

The well and all construction joints of the well and intake pipes shall be watertight so that water can enter or
leave only by the intake itself.

The well shall be vertical within acceptable limits and have sufficient height and depth to allow the float to
travel freely over the full range of water levels.

The dimensions of the well shall be such as to allow unrestricted operation of all equipment installed in it.
Clearance between the 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 advantage to have the
well large enough to be entered and cleaned.

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.

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 time of low
flow.

4.4.3.2 Functional requirements of intakes

a. General — The functions of the intakes to the stilling well are:

i.

ii.

to allow water to enter or leave the stilling well so that the water in the well is maintained at the same
elevation as that in the stream under all conditions of flow;

to permit some form of control to limit lag and oscillating effects within the well.

b. Specific

8

ii.

iii.

iv.

*y,

vi.

vii.

viii.

1X.

Intakes may take the form of one or more pipes connecting the well to the river when the well is set back into
the bank or a series of holes or slots cut into the well itself 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 hopper-shaped bottom to serve as an intake
and also as a means of self-cleansing.

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

The dimensions of the intakes shall be small enough to damp oscillations caused by wave action or surges.

Two or more intakes may be installed, one vertically above the other, to ensure operation of the system if the
lowest pipe becomes blocked.

Depending on anticipated surface conditions and sediment loads, a stilling well set into a bank shall have its
lowest intake at least 150 mm below the lowest anticipated stage and the intake shall enter the pipe at least
300 mm aboyve the well bottom.

Intake pipes shall be laid at a constant gradient on a suitable foundation which will not subside.

The intake 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 significant, the intake
shall incorporate a static pressure sensing device (wall piezometer, piezometer in a plate, surface parallel to
flow, static tubes etc.).

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

Means of cleaning the intakes shall be provided, either by a flushing system where water under 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.

Where velocity past the stream 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 stream end of the intake.

4.4.3.3 Protection under ice conditions — For precautions to be taken under ice conditions, see section 8.
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4.4.4

*4.4.4.1

*4.4.4.2

4443

4444
45

4.5.1

4.5.2

4.5.3

4.5.4

4.6

Water level recorders (see ISO 4373)

Mechanical recorders — Mechanical recorders can be classified as either analog or digital, depending upon the
mode used in recording the rotational position of the input shaft. The analog recorder produces a graphic record of
the rise and fall of parameter values with respect to time, while the digital recorder records coded parameter values
at preselected time intervals. Analog recorders can further be classified into two types, those which record
continuously or at intervals for a fixed period of time (daily, weekly, monthly, etc).

Pressure-actuated recorders — Pressure-actuated recorders are simple in design and relatively rugged in
construction. They are, however, susceptible to errors and, consequently, are not frequently used in recording water
level.

They usually consist of a pressure-sensing element (i.e. pressure transducer) connected to a cassette/hard disk or to a
stylus and chart. The stylus is linked to the pressure element by a lever arrangement, and a chart driven by a clock.
The stylus/chart system, while common, is now giving way to the cassette/hard disk.

Electronic recorders — The electronic recorder consists of a case, an operating mechanism, a stylus, and a chart
transport mechanism. The function of the operating mechanism is to position the stylus at 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
much wider motion capability.

The operating mechanism is the heart of the electronic recorder. Its quality and the techniques employed in its
design determine the characteristics of the entire recorder.

Regardless of the type of recorder used it should satisfy the requirements enumerated in ISO 4373.
Gauge datum

The datum of the gauge may be a recognized datum, such as mean sea level, or an arbitrary datum plane selected for
the convenience of using gauge readings of relatively low numbers. It is generally desirable to avoid negative values
for these readings, therefore, the datum selected for operating purposes should be below the elevation of zero flow
on the control. At sites that are subject to severe scour, care must be taken to select a datum that is sufficiently low.

If an arbitrary datum plane is used, it should be referred to a benchmark of known elevation by accurate levelling so
that the arbitrary datum may be recovered if the gauge and reference marks are destroyed. A permanent datum must
be maintained so that only one datum for the stage record is used for the life of the station.

Gauge zero — The zero of the gauge should be correlated with a national datum through a station benchmark. The
relation between the gauge zero and the station benchmark shall be checked at least annually. The relation between
the gauge zero and other gauge sections shall be checked from time to time. As far as possible the gauge zero shall
be kept the same. The uncertainty in the transfer of the level from the station benchmark to the gauge shall not
exceed * 1.0 mm.

Station benchmark — The station benchmark shall be set in a position offering ‘maximum security against
disturbance. It should be securely fixed in a concrete block or similar mounting that extends below the ground
surface to a level free from disturbance (e.g. frost). It should be correlated with a national survey datum by accurate
levelling. To facilitate accurate levelling between the station benchmark and the gauge zero, the benchmark should
be located in such a position 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. Where it is not feasible to correlate the benchmark
with the national survey datum, more than one (preferably three) station benchmark shall be established in
significantly different locations.

Accuracy — For the measurements of stage in certain installations, an uncertainty of + 10 mm may be satisfactory;
in others an uncertainty of + 3 mm or better may be required; however, in no case should an uncertainty be worse
than + 10 mm or +0.1% of the range, whichever is the lesser.
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STATION FOR THE MEASUREMENT OF DISCHARGE — INDIVIDUAL MEASUREMENTS
The methods which follow are most suitable for a single measurement, a limited number of measurements or
infrequent measurements of discharge.

Velocity area method

Principle of the method of measurement — The principle of the method is to measure the velocity and area of cross
section of flow in an open channel, the product of which is the discharge. The recommendations which follow
restrict the application of the method to the case in which velocity is measured using current meters or floats.

Preliminary survey — A preliminary survey should be made to ensure that the physical and hydraulic features of
the proposed site conform to the requirements of CAN/CGSB-157.2-M. Several such surveys under different flow
conditions may be required to ensure that the site is not subject to, for example, standing waves at high flow, weed
conditions, adverse ice conditions, and so forth.

Selection of site

The site selected should be such that it is possible to measure the whole range and all types of flow which may be
encountered or which it is required to measure.

Particular attention should be paid to the following features:

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

b. There should be no vortices, dead water or other abnormalities of flow.

c. Sites where poor ice conditions are prevalent should be avoided, if possible.

d. Access to the site should be feasible under most conditions.
Survey for a permanent gauging station

After a preliminary survey, a topographical survey should be made when selecting a permanent site for a suitable
measuring section. This should include a plan of the site indicating the width of the water surface at a stated stage,
the edges of the natural banks of the channel(s), the line of any definite discontinuity of the slope of these banks and
the toe and crest of any artificial flood bank.

The detailed survey of the reach should be extended through the floodway to an elevation well above the highest
anticipated flood level. The spacing of levels or soundings should be close enough to reveal any abrupt change in the
contour of the channel.

The bed of the reach should be examined carefully for the presence of rocks or boulders, particularly in the vicinity
of the measuring section.

Where velocities are to be measured by current meter, exploratory measurements of velocities should be made in the
proposed measuring section and in the cross section immediately upstream and downstream. When possible, the
method of velocity distribution described in CAN/CGSB-157.2-M should be used for these measurements to
determine the feasibility of using reduced point methods.

When floats are to be used for velocity measurements trial runs of floats should be closely spread across the width of
the channel.

Design and construction

The positions of each cross section should be defined on the banks of the river by clearly visible and readily
identifiable permanent markers, and a station benchmark shall be established to conform to par. 4.5.4.

The design of the station should be based on the features disclosed by the survey described in par. 5.1.4.

A water level gauge should be installed for checking changes in the water level which may occur during a gauging.
The gauge should be located as closely as possible to the measuring reach, unless floats are used to measure
velocities in which case the gauge should be located near the midpoint of the measuring reach.
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3.1.5.5

3.1.5.6

5.1.5.7

5:1.5:8

5:1:59

Where the main requirements necessary for a suitable gauging site as specified, are not present, conditions may be
improved as described below:

a. The loss of water from the main channel by spillage can often be avoided by constructing flood banks to confine
the flow in a defined floodway.

b. Where feasible, minor irregularities in the bank or bed causing local eddies may be eliminated by trimming the
bank to a regular line and stable slope and by removing from the bed any large stones or boulders.

c. Unstable banks should be protected wherever possible. Such protection should extend upstream and downstream
of a measuring section for a distance equal to at least onc quarter of the bankfull width of the channel in each
direction. In the case of float gauging the whole of the mcasuring reach should be protected.

Where in the normal measuring section there is insufficient depth to comply with the requirements of
CAN/CGSB-157.2-M, or where there is excessively low velocity at low stages, these discharges may often be
measured in the same reach of the channel at another section which is more suitable under these conditions but
which may not be satisfactory for higher flows.

Where feasible and required, trees obstructing the clear vicw of the measuring section or measuring reach should be
trimmed or removed. The field of view of a measuring section should extend sufficiently upstream to enable floating
debris, which might damage any measuring instrument, to be seen in sufficient time to permit the removal of the
instrument from the stream.

Where not already existing, a suitable access to the site should be constructed, where possible, to provide safe
passage at all stages of flow and in all weather conditions for personnel and for any vehicles used for the
conveyance of instruments and equipment.

All key points at the site should 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 set on the line of the cross section to
facilitate the repetition of levels or soundings when the section is checked.

Reference gauge — The reference gauge shall conform (o par. 4.4.2 and to ISO 4373.

5.1.5.10 Station benchmark — A station benchmark shall be established to COnforfn to par. 4.54.

5.1.5.11 Stilling well — The stilling well shall conform to par. 4.4.3 and to ISO 4373.

5.1.5.12 Water level recorder — The water level recorder shall conform to par. 4.4.4 and to 1SO 4373.

5.1.5.13 Cableway and suspension — Cableways and methods of suspension of the current meter shall conform to ISO 4373

5.1.6
5.1.6.1

*5.1.6:2

5.1.6.3

5.1.64

5.1.6.5

and ISO 3454.
Definitive survey
After the gauging station has been constructed, a definitive survey should be made.

For current meter stations, a standard profile on the measuring cross section should be drawn, indicating the position
of the cross-section markers. On this standard drawing the positions selected for the measuring verticals may be
recorded (see CAN/CGSB-157.2-M). The bed levels of the cross section should be frequently checked and the
profile revised if necessary.

For float-gauging stations a standard plan should be preparcd on which the lines of the selected float runs and the
release points for floats should be indicated. A copy of this plan should be kept in the instrument house at all times.

The definitive survey, repeated as required at not less than annual intervals, should include the accurate
determination of the elevations and the relative positions of all the station installations and any other key point or
significant features of the site. It is desirable to correlate the clevations with the national survey datum through the
station benchmark.

The distance between cross-section markers should be carcfully determined.
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*5.1.6.6 Where conditions permit the width of the channel should be measured by a steel tape, by a suitably marked wire or
by other direct means, care being taken to apply the necessary corrections (see CAN/CGSB-157.2-M).

5.1.6.7 Where direct measurement is not possible, the width may be determined by tachometry, by electronic distance
measuring, or by any other suitable surveying method.

5.1.6.8 The estimated uncertainty in the measurement of width shall not exceed 0.5% of the true value.

5.1.6.9 The distance between successive cross sections used for the measurement of velocity by floats shall be determined
by methods similar to those described above and to a similar degree of accuracy.

5.1.6.10 The bed profile of the channel shall be carefully determined along the line of each cross section preferably when the
flow is at low stage (see CAN/CGSB-157.2-M and ISO 3454).

5.1.6.11 At least two level readings, or soundings by rod or line, shall be taken at each point and the mean value adopted,
unless the difference between the two values is more than 5% (by reference to the lower of the two) or 10 mm
(whichever is the greater) in which case a third reading shall be taken.

5.1.6.12 Where an echo sounder is used, it should be regularly and frequently calibrated under the same conditions of water
salinity and temperature as those in which it is employed. The bed profile should be determined from the mean of
two traverses. Individual depths may be taken from a single reading of the instrument (see ISO 4366).

5.1.6.13 When depths are determined by soundings referred to the water surface, frequent readings of water level should be
made on the reference gauge to ensure that all measurements may be corrected to the same plane.

5.1.6.14 Inaccuracies in soundings are most likely to occur due to the conditions below.

a. The departure from the vertical of the sounding rod or line, particularly in deep water. A sounding line may
deviate from the vertical owing to the force exerted by the stream on the line itself and on the sounding weight.
The amount of deviation (drift) may be minimized by using a fine wire line (2.5 mm diameter or less ) and a
streamlined weight. Corrections to the indicated depth should be applied to compensate for such deviation (drift)
in accordance with the provisions of CAN/CGSB-157.2-M.

b. The penetration of the bed by the sounding weight or rod. This difficulty may be alleviated by fitting a base plate.

c. The presence of boulders or large stones. The influence of these may be reduced by taking a number of soundings
as described above.

d. When an echo sounder is used, the presence of soft deposits may give rise to a double echo. The upper echo will
normally give the effective depth but further investigations would be required to determine the cause. This
difficulty may be eliminated by using an echo sounder whose operating frequency is 200 kHz or higher.

5.1.6.15 The profile should be determined in accordance with the foregoing to ensure an accuracy within + 2.5% throughout
the range of depths. An assessment of accuracy should be made at the time of measurement.

5.1.7  Measurement by stationary meter

5.1.7.1 A current meter is used to measure the speed of flow in the channel. The meter is held stationary in the desired
position in any vertical by means of a wading rod in the case of shallow channels, or by suspending it from a cable

or rod from a bridge, stationary trolley on a cable way, or stationary boat in the case of larger channels. (See
ISO 3454 and ISO 4375).

5.1.7.2 The meter used to measure the streamflow may be a rotating element current meter (see ISO 2537), an ultrasonic
(acoustic) current meter, an electromagnetic current meter, a pendulum current meter, a pitot tube or any other

suitable measuring instrument.

5.1.7.3 The procedure for measuring the width, depth and velocity, and the computation of the discharge are described in
CAN/CGSB-157.2-M.
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5.1.8  Measurement by moving boat

5.1.8.1 A current meter is used to measure the speed of flow in the channel. The meter is suspended from a boat which
traverses the channel normal to the streamflow. During the traverse, an echo sounder records the geometry of the
“ cross section and a continuously operating current meter senses the resultant of the stream and boat velocities. At
intervals, the angle between the current meter which aligns itself in a direction parallel to the movement of the water
past it, and the preselected path of the boat or the distance to a fixed point on the bank are measured.

The component of the velocity in the direction of the stream at points across the channel is computed from the
measured resultant velocity and either the angle of the resultant or the distance of the boat from a fixed point. The
discharge is the sum of the products of the stream, velocity, depth and distance between observation points.

5.1.8.2 The meter should be a propeller type current meter suspended either from a rod with means of measuring the angle
of the meter relative to the boat, or from a cable when the distance of the boat and meter from the fixed point on the
bank is measured at intervals. No angle indicator is required, if both distancé from a fixed point and time of
observation are recorded at intervals.

5.1.8.3 The procedure for measuring the width, depth and velocity and computing the discharge are described in ISO 4369.
5.1.9  Measurement by floats

5.1.9.1 The speed of the current is measured by recording the time taken for.a float to travel a known distance along the
channel. Observations are made using floats at different positions across the channel. The width and depth are
measured at the same time in shallow channels which may be waded, or at some other convenient time in deeper
channels.

5.1.9.2 The floats used may be surface, subsurface, double or rod floats as described in CAN/CGSB-157.2-M.

5.1.9.3 The procedure for the measurement of the width, depth and velocity, and the computation of discharge are described
in CAN/CGSB-157.2-M.

‘ 52 Dilution gauging methods

*5.2.1  Principle of method of measurement — A tracer liquid is injected into a stream and at a point farther downstream,
where turbulence has mixed the tracer uniformly throughout the cross section, the water is sampled. The change in
concentration between the solution injected and the water at the sampling station is a measure of the discharge. The
dye selected shall be approved for in-stream use by the appropriate authorities.

The tracer may be injected gradually (constant rate method) or suddenly (gulp, pulse or integration method), and
may be a chemical or fluorescent dye. The procedure is described in ISO 555, Parts 1 and 2.

52.2  Preliminary survey — A preliminary survey shall be carried out to determine the hydraulic and mixing
characteristics of the site, paying due regard to the need to establish a stable stage-discharge relation, and the
requirement of obtaining a satisfactory measuring reach necessary to obtain good mixing of the tracer.

5.2.3  Selection of site

5.2.3.1 The site selected should be such that it is possible to measure the whole range and all types of flow which may be
encountered or which it is required to measure. Great care is required to make a satisfactory choice of a site suitable
for the measurement of discharge by the dilution method.

5.2.3.2 There shall be no loss or gain of water in the measuring reach (for example, by a tributary joining or leaving the
main flow, or by overflow from or to the banks of the stream). Its length shall be such that, allowing for the natural
mixing action of the stream, the solution injected at its beginning is uniformly diluted throughout the sampling cross
section.

5.2.3.3 In addition to the requirements of par. 5.2.3.2, it is desirable that the distance between the injection and sampling
sections be as short as possible. This reduces the time required to obtain a measurement and decreases the quantity
of tracer needed.
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To comply with the requirements of par. 5.2.3.2 and 5.2.3.3, a reach should be chosen in which the river is as narrow
and as turbulent as possible, free of dead water zones, with numerous transverse currents to promote lateral mixing.
Grassy and vegetation-growth zones, as well as separation zones of the river into arms, should be avoided. Mixing
may be improved by disturbances such as bends, narrows, shelves, falls etc. Very wide channels should be avoided,
and reaches where the stream divides into a number of branches should not be used.

When examining a potential measuring reach, it is advisable to make preliminary tests to ensure that efficient
mixing in the river will be achieved, to choose the injection and sampling cross sections, and, once these have been
chosen, to determine the duration of the injection period. In most cases the sampling cross section will be chosen for
the water level recorder.

For determination of length of measuring reach, a concentrated solution of tracer may be injected for a relatively
short time at a point on the potential injection section. Study of the diffusion of the solution will show whether there
are any dead zones or similar side tracking of the tracer and be a rough guide on the minimum distance between the
injection and sampling cross sections.
A guide to the length of the measuring reach is given by the following formulae:
a. If the injection rate across the channel is proportional to the flow through the panels forming the section
l=10xrxd
where:
! is the mixing length
r is the ratio of mean velocity to friction or shear velocity
d is the mean depth.
b. If the injection is at a point in the channel

| = 013 BC (0.7C + 2Vg)

re in SI units

where:

b is the mean width of the wet section in the measuring reach (metres)
d is the mean depth of the water in the reach (metres)

C is the Chezy coefficient

g is acceleration due to gravity (m/s?).
Design and construction
The gauging station shall consist of a measuring reach and a reference gauge.
In many instances the equipment necessary to make a measurement of discharge will be transported to and from the
permanent installation. Details of such equipment necessary for this purpose are given in ISO 555, Parts 1 and 2 to
which reference should be made.
A station benchmark shall be established to conform to par. 4.5.4.
The reference gauge shall conform to par. 4.4.2 and to ISO 4373.
The design and construction of the stilling well shall conform to par. 4.4.3 and to ISO 4373.

Slope area method

Principle of method of measurement — The water surface slope and the mean area of cross section of the channel
are measured in a selected reach which is as straight and uniform as possible. Assuming a coefficient of roughness,
the mean velocity is computed using a flow formula relating velocity, roughness, hydraulic mean radius and slope.

The discharge is then the product of mean velocity and mean area of cross section of flow. The slope area method
does not provide an accurate measurement but merely an estimate of flow. The method is covered in ISO 1070.
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Preliminary survey — A preliminary survey should be made to ensure that the physical and hydraulic features of
the proposed site conform to the requirements of ISO 1070.

Selection of site

The stream should be fairly straight and uniform in section, be free from obstructions and vegetation, show no
progressive tendency to scour or accrete, and be free of the effect of tributaries.

The length of the reach should be such that the difference in water levels is not less than ten times the uncertainty in
the difference in water levels.

The flow should be contained within defined boundaries.
Survey for a permanent gauging station

After the preliminary survey, a topographical survey should be made when selecting a permanent site. This should
include a plan of the site indicating the width of the water surface at a stated stage, the edges of the natural banks of
the channel, the line of any definite discontinuity of the slope of these banks and the toe and crest of any artificial
flood bank.

All obstructions in the channel or floodway should be indicated.

Where possible, a longitudinal section of the channel should be drawn from a point downstream of a control to the
upstream limit of the reach showing the level of the deepcst part of the bed and water surface gradients at low and
high stages.

The reach containing the measuring section should be checked to ensure that it contains no discontinuities that may
affect the measuring results. At least five cross sections should be surveyed in the measuring reach, two cross
sections upstream from the measuring section and two downstream, at distances upstream and downstream of not
less than one bankfull width of the channel.

The detailed survey of the reach should be extended through the floodway to an elevation well above the highest
anticipated flood level. The spacing of levels or soundings should be close enough to reveal any abrupt change in the
contour of the channel.

Where feasible, the bed of the reach should be examined carcfully for the presence of rocks or boulders, particularly
in the vicinity of the measuring section.

Design and construction
The gauging station shall consist of a natural or artificial mcasuring section and two reference gauges.

The positions of the cross sections shall be marked on thc banks and the sections surveyed at intervals, and before
and after floods.

The loss of water from the main channel by spillage can oftcn be avoided by constructing flood banks to confine the
flow in a defined floodway.

Where feasible, minor irregularities in the bank or bed causing local eddies may be eliminated by trimming the bank
to a regular line and a stable slope, and by removing from the bed any large stones or boulders.

Where not already existing, a suitable access to the site should be constructed, where possible, to provide safe
passage at all stages of flow and in all weathers for personnel and for any vehicles used for the conveyance of
instruments and equipment.

All key points at the site should be permanently marked on the ground by markers sunk to such a depth below the
surface as to ensure them against movement. Cross-section markers should be set on the line of the cross section to
facilitate the repetition of levels or soundings when the section is checked.
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Definitive survey

After the gauging station has been constructed a definitive survey should be made.
The gauges should be precisely levelled and the levels related to a common datum.
The distance between the gauges should be accurately measured.

STATION FOR THE MEASUREMENT OF DISCHARGE — REGULAR MEASUREMENTS

The methods which follow are most suitable for relatively frequent measurements often made over a relatively long
period.

Stage-discharge station

Principle of method of measurement — In a stable channel with satisfactory downstream control of water level,
there may be a unique relation between stage and discharge. In such channels it is more economic to establish the
relation between stage and discharge and thereafter to deduce the discharge from measurements of stage only. The
station may be calibrated by the velocity area method using a stationary current meter (CAN/CGSB-157.2-M),
moving boat (ISO 4369), floats (CAN/CGSB-157.2-M), or by dilution gauging methods (ISO 555, Parts 1 and 2).

Preliminary survey

A preliminary survey should be made to ensure that the physical and hydraulic features of the proposed site conform
to the requirements for the method selected to measure discharge for the calibration of the station.

The survey should establish that the proposed site is in a stable stretch of stream and free from standing waves at a
high flow, weed growth and adverse ice conditions.

Selection of site

The site selected should be such that it is possible to measure the whole range and all types of flow which may be
encountered or which it is required to measure. The whole range of measurement may be referred to one reference
gauge, or certain ranges of discharge may be referred to different gauges. Different methods of calibration may be
employed for separate parts of the range.

The operation of a station depends upon the assumption that the elevation of the free surface for practical purposes is
a unique function of the discharge. In the case of stations affected by hysteresis, the rise and fall should be calibrated
separately by discharge measurements.

It is desirable to select a site where the relationship between stage and discharge is substantially consistent and
stable, there should not be any variable backwater effect and the channel itself should be stable. However, this may
not be possible on all alluvial rivers. For such streams, the stage-discharge relation is generally applicable only for
the period for which it has been determined.

The site should be sensitive, such that a significant change in discharge, even for the lowest discharges, should be
accompanied by a significant change in stage. Small errors in stage readings during calibration at a non-sensitive
station can result in large errors in the discharges indicated by the stage-discharge relation.

A comparison should 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 measurements are required.

Sites where weed growth is prevalent should be avoided if possible.
There should be no vortices, dead water or other abnormalities in flow.

Sites where poor ice conditions are prevalent should be avoided if possible unless there is a need to determine the
effect of such conditions on flow.

Access to the site should be feasible under most conditions.
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Survey for a permanent gauging station

After the preliminary survey, a topographical survey should be made when selecting a permanent site for a suitable
measuring section. This should include a plan of the site indicating the width of the water surface at a stated stage,
the edges of the natural banks of the channel(s), the line of any definite discontinuity of the slope of these banks and
the toe and crest of any artificial flood bank.

All obstructions in the channel or floodway should be indicated.

A longitudinal section of the channel should be drawn from a point downstream of a control, where this exists to the
upstream limit of the reach showing the level of the deepest part of the bed and water surface gradients at low and
high stages.

The reach containing the measuring section should be checked to ensure that it contains no discontinuities that may
affect the measurement results. At least five cross sections should be surveyed in the measuring reach; two cross
sections upstream from the measuring section and two downstream, at distances upstream and downstream of not
less than one bankfull width of the channel.

The control should be defined by one or more cross sections or by a close grid of levels over the area.

The detailed survey of the reach should be extended to an elevation well above the highest anticipated flood level.
The spacing of levels or soundings should be close enough to reveal any abrupt change in the contour of the channel.

The bed of the reach should be examined carefully for the presence of rocks or boulders, particularly in the vicinity
of the measuring section.

When the station is to be calibrated using current meters to measure velocities, exploratory measurements of
velocities should be made in the proposed measuring section and in the cross section immediately upstream and
downstream. When possible, the method of velocity distribution described in CAN/CGSB-157.2-M should be used
for these measurements to determine the feasibility of using reduced point methods.

When floats are to be used for velocity measurements, trial runs of floats should be closely spread across the width
of the channel.

6.1.4.10 When dilution techniques are to be used to calibrate the station, trial measurements should be made to check the

efficiency of mixing (ISO 555, Parts 1 and 2).

6.1.4.11 The velocity measurements described in par. 6.1.4.8, 6.1.4.9 and 6.1.4.10 should be repeated at more than one stage

6.1.5

6.1.5.1

6:1.52

6.1.5.3

6.1.54

to ensure that any abnormality of flow is detected.
Design and construction

The gauging station shall consist of one or more natural or artificial measuring sections and a reference gauge.
Normally a water level recorder is installed to produce a continuous record of stage. It may be desirable to establish
gauges at both banks particularly when there is any risk of differential level.

The positions of each cross section should be defined on the banks of the stream by clearly visible and readily
identifiable permanent markers, and a station benchmark shall be established to conform to par. 4.5.4.

If a control regulates the stage at low discharge at the gauges’ section, it should be situated at the downstream end of
the reach, and any measuring section should be sufficiently remote from it to avoid any distortion of flow which
might occur in that vicinity. It should be close enough to ensure that a variable stage-discharge relation will not be
introduced through the effect of wind or weed growth in the channel. Higher discharges are most often controlled by
the general characteristics of the channel for a considerable distance downstream.

The reference gauge and water level recorder should be located as close as possible to the measuring reach unless
floats are used to measure the velocities in which case the reference gauge and water level recorder should be
located near the midpoint of the measuring reach.
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6.1.5.5

6.1.5.6

6.1.5.7

6.1.5.8

6.1.5.9

Where the main requirements necessary for a suitable gauging site as specified are not present, conditions may be
improved as described below:

a. The loss of water from the main channel by spillage can often be avoided by constructing flood banks to confine
the flow in a defined floodway.

b. Where feasible, minor irregularities in the bank or bed causing local eddies may be eliminated by trimming the
bank to a regular line and a stable slope and by removing from the bed any large stones or boulders.

c. Unstable banks should be protected wherever possible. Such protections should extend upstream and downstream
of the 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 measuring reach should be protected.

d. Instability of the bed may sometimes be corrected by introducing an artificial control (Note 1) which may also
serve to improve the stage-discharge relation (sensitivity) or to create conditions in the measuring section for
instruments to be effectively used. Occasionally, it may be possible to eliminate variable backwater effect by
introducing an artificial control. Artificial controls, are, however, not practicable in large alluvial rivers.

Where not already existing, a suitable access to the site should be constructed, where possible, to provide safe
passage at all stages of flow and in all weather conditions for personnel and for any vehicles used for the
conveyance of instruments and equipment.

All key points at the site should be permanently marked on the ground by markers, sunk to such a depth below the
surface as to secure them against movement. Cross-section markers should be set on the line of the cross section to
facilitate the repetition of levels or soundings when the section is checked.

The reference gauge shall conform to par. 4.4.2 and to ISO 4373.

The stilling well shall conform to par. 4.4.3 and to ISO 4373.

6.1.5.10 The water level recorder shall conform to par. 4.4.4 and to ISO 4373.

6.1.6

6.1.6.1

6.1.6.2

6.1.7
6.1.7.1
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Definitive survey

The definitive survey, repeated as required at not more than annual intervals, should include the accurate
determination of the elevations and the relative positions of all the station installations and any other key point or
significant features of the site. It is desirable to correlate the elevation with the national survey datum through the
station benchmark.

Bed profiles shall be checked after a flood.
Operation of station

The production of a satisfactory record depends on the station being maintained in full operating order at all times.
This requires efficient attendance on the recorder and proper maintenance of the station, its equipment and its
calibration.

Note 1: An artificial control is a simple structure built in a channel. It may be a low dam or a contraction which is seldom
designed to function as a control throughout the entire range of stage. Artificial control structures should be designed in
accordance with the conditions at the site where they are to be built. In the design of controls the following major points should
be considered:

a. The shape of the structure should permit the passage of water with minimum disturbance of the flow regime upstream or
downstream of the control.

b. In order to provide adequate sensitivity, the profile of the crest of a control should be designed so that a small change in
discharge at low stages will cause a measurable change in stage.

c. The control should have structural stability and be permanent.

d. If any alterations are made to the natural conditions, the subsequent re-establishment of stability may take some time.

e. Care should be taken to monitor the stability effect of a control by periodic surveys.
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6.1.7.2

6.1.7.3

6.1.7.4

6.1.7.5

6.1.7.6

6.2

6.2.1

6.2.2
6.2.3

6.2.3.1

6.2.3.2

6.2.33

6.2.3.4
6:2.3.5

6.2.3.6

Where a station is only fitted with one or several reference gauges (vertical, inclined, wire weight or hook) and no
water level recorder, the local observer should be required to furnish readings at specified intervals of all the gauges
in his care. Preferably the readings should be made at fixed hours. The intervals between the readings should be
determined by the rate at which the water level at the site usually changes, but arrangements should be made to have
additional readings when the water level is changing more abruptly than usual. It is essential that the gauge observer
records the exact time of each gauge observation.

When a recorder is provided, visits by the observer may be made throughout the period to verify that the recorder is
operating satisfactorily. The observer should be required to record observations of the water level by the reference

gauge and also the exact time for comparison with the recorder clock. To relate the readings to a chart trace, the

observer may mark the chart by slightly raising or lowering the float wire in the case of a float-operated recorder. At

all stations, the observer should record any obstruction of the channel, for example by weeds or ice, should note any

casual obstruction of the channel, inlet pipe(s), measuring structure or transducer mountings by flood debris or from

any other cause and keep the site and equipment generally clean and tidy, paying particular attention to the legibility

of the reference gauge. The observer may be required to dispatch all records, tapes or charts to the record office for
processing immediately after they have been completed together with any relevant notes or observations.

Every gauging station should be inspected whenever any incident which might affect its accuracy is noted by the
observer.

All recorders and recorder clocks should be cleaned and lubricated in accordance with the manufacturers’
instructions or as indicated by experience under prevailing operating conditions.

The elevation of all key points (including particularly the zero of the reference gauge) which were surveyed in the
definitive survey (see par. 6.1.6) should be checked by reference to the station benchmark at least annually or
following any flood when equipment might have been damaged by debris or by ice. At the same time any vertical
gauge should be tested for verticality. Where feasible the correlation of the station benchmark with the national
survey datum should be checked at intervals of not greater than five years.

Slope-stage-discharge or fall-discharge

Principle of method of measurement — In a stable channel with a varying downstream control of water level when
there is no unique relation between stage and discharge, there may be a relation between the water surface slope,
stage and discharge. In such channels it is economic to measure both water surface slope and water level from which
the discharge is deduced. The station may be calibrated using a stationary current meter (see CAN/CGSB-157.2-M),
moving boat (see ISO 4369), floats (see CAN/CGSB-157.2-M), or by dilution gauging methods (see ISO 555,
Parts 1 and 2).

Preliminary survey — See par. 6.1.2, stage-discharge station.
Selection of site

The site selected should be such that it is possible to measure the whole range and all types of flow which may be
encountered or which it is required to measure. Different methods of calibration may be employed for separate parts
of the range.

At any gauging station with twin gauges, the site should be sensitive such that a significant change in discharge,
even for the lowest discharges, should be accompanied by a significant change in fall between the two gauges. Small
errors in stage readings during calibration at a non-sensitive station can result in large errors in the discharge
indicated by the slope-stage-discharge relation.

A comparison should 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 measurements are required.

Sites where weed growth is prevalent should be avoided if possible.
There should be no vortices, dead water or other abnormalities in flow.

Sites where poor ice conditions are prevalent should be avoided if possible.
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Access to the site should be feasible under most conditions.
Survey for a permanent gauging station — See par. 6.1.4, stage-discharge station.
Design and construction

The gauging station shall consist of one or more natural or artificial measuring sections and two water level gauges
one of which is the reference gauge. Water level recorders may be installed to produce a continuous or an
intermittent record of stage.

The positions of each cross section should be defined on the banks of the river by clearly visible and readily
identifiable permanent markers and a station benchmark shall be established to conform to par. 4.5.4. It may be
desirable to establish gauges at both banks particularly when there is any risk of differential level.

The length of the reach should be sufficient to make any obscrvational error negligible relative to the fall of level
between the two gauges. Further, there should be no additions to, or withdrawals from, the flow between the two
gauges.

If a control regulates the stage at low discharges at the gauging sections, it should be situated at the downstream end
of the reach, and any measuring section should be sufficicntly remote from it to avoid any distortion of flow which
might occur in that vicinity. It should be close enough to cnsure that a variable stage-discharge relation will not be
introduced through the effect of wind or weed growth in the channel. Higher discharges are most often controlled by
the general characteristics of the channel for a considerablce distance downstream.

The reference gauge and water level recorder should be located as closely as possible to the measuring section
unless floats are used to measure the velocities in which case the reference gauge, the auxiliary gauge and water
level recorder should be located near the midpoint of the mecasuring section.

Where the main requirements necessary for a suitable gauging site are not present, conditions may be improved as
described in par. 6.1.5.5.

Where not already existing, a suitable access to the site should be constructed, where possible, to provide safe
passage at all stages of flow and in all weather conditions for personnel and for any vehicles used for the
conveyance of instruments and equipment.

All key points at the site should be permanently marked on the ground by markers, sunk to such a depth below the
surface as to secure them against movement. Cross-section markers should be set on the line of the cross section to
facilitate the repetition of levels or soundings when the scction is checked.

The reference gauge shall conform {0 par. 4.4.2 and to 1SO 4373.

6.2.5.10 The stilling wells shall conform to par. 4.4.3 and to ISO 4373.

6.2.5.11 The water level recorders shall conform to par. 4.4.4 and 10 ISO 4373.

6.2.6

6.2.6.1

6.2.6.2
6.2.7
6.3

6.3.1
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Definitive survey

The definitive survey, repeated as required at not Icss than annual intervals, should include the accurate
determination of the elevations and the relative positions of all the station installations and any other key point or
significant features of the site. It is desirable to correlate the clevations with the national survey datum through the
station benchmark.

Bed profiles should be checked after a flood.

Operation of station — See par. 6.1.7, stage-discharge station.

Notches, weirs and flumes

Principle of the method of measurement — The principlc of the method of measurement is to establish a relation

between head and discharge usually in the laboratory and to apply this relation to the field installation. A
measurement of head only is therefore required at the gauging station and this value is inserted in the appropriate
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6.3.4
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formula to obtain a value of discharge. The particular formula and conditions of application governing each
measuring structure are specified in the relevant publications given in section 2. Wherever possible the laboratory
calibration should be verified in the field.

Preliminary survey — A preliminary survey shall be made of the physical and hydraulic features of the proposed
site to check that it conforms (or may be constructed or modified so as to conform) to the requirements necessary for
measurement of discharge by the structure as specified in the relevant publications given in section 2.

Selection of site

Particular attention should be paid to the following features in selecting the site:
. The adequacy of the length of channel of regular cross section available (see par. 6.3.3.5)

a
b. The uniformity of the existing velocity distribution

[¢]

. The avoidance of a steep channel (Froude number should not exceed about 0.5)

(=%

. The effects of any increased upstream water levels due to the measuring structure

e. The conditions downstream (including such influences as tides, confluences with other streams, sluice gates, mill
dams and other controlling features, including seasonal weed growth) which might cause drowning

f. The impermeability of the ground on which the structure is to be founded and the necessity for piling, grouting or
other means of controlling seepage

g. The necessity for flood banks, to confine the maximum discharge to the channel
h. The stability of the banks, and the necessity for trimming and/or revetment

i. The uniformity of the section of the approach channel.

If the site does not possess the characteristics necessary for satisfactory measurements, or if an inspection of the
stream shows that the velocity distribution in the approach channel deviates appreciably from uniformity, the site
may have to be rejected unless suitable improvements are practicable. Alternatively, the performance of the
installation should 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 publications listed in section 2. Construction of a measuring structure in a river
or stream may alter conditions and cause scouring downstream of the structure.

If the flow in the approach channel is disturbed by irregularities in the boundary, (e.g. large boulders 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 affected. The flow in the approach channel should have a symmetrical velocity
distribution and this can most readily be ensured by providing a long straight approach channel of uniform cross
section.

A length of approach channel five times the water surface width at maximum flow will usually suffice, provided
flow does not enter the approach channel with high velocity via a sharp bend or angled sluice gate.

Conditions in the approach channel can be verified by inspection or measurement for which several methods are
available such as floats, velocity rods, or concentrations of dye, the latter being useful in checking conditions at the
bottom of the channel. A complete and quantitative assessment of velocity distribution may be made by means of a
current meter.

Design and construction

The gauging station shall consist of an approach channel, a measuring structure including its associated upstream
gauges, a downstream channel and a reference gauge. Normally a water level recorder is installed to produce a
continuous record of head.

The structure shall be rigid and watertight and capable of withstanding flood flow conditions without damage from
outflanking or from downstream erosion. The axis shall be in line with the direction of flow of the upstream channel,
and the geometry shall conform to the dimensions given in the relevant publications (see section 2).
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6.3.4.8

6.3.4.9

The surfaces of the flume throat and the immediate approach channel shall be good. They may be constructed in
concrete with a smooth cement finish or surfaced with a smooth non-corrodible material. In laboratory installations,
the finish shall be equivalent to rolled sheet metal or planed, sanded and painted timber.

Vertical side walls to effect a contraction in plan shall be symmetrically disposed with respect to the centre line of
the channel and should preferably be curved in plan with a radius not less than 2H..x where H is the total head. The
tangent point shall be at least Hyx upstream of the head measurement section, and the lined section of the approach
channel from the end of the curved wing walls to the entrance transition of the structure shall be of a prismatic
section.

In a channel where the flow is free from floating and suspended debris, good approach conditions can also be
provided by suitably placed baffles formed of vertical laths, but no baffle should be nearer to the point at which head
is measured than ten times the maximum head.

Under certain conditions, a hydraulic jump may occur upstream of the measuring structure; for example, if the
approach channel is steep. Provided this wave is at a distance upstream of not less than about thirty times the
maximum head, flow measurement will be feasible, subject to confirmation that an even velocity distribution exists
at the gauging station.

In order to obtain an acceptable uncertainty in the discharge, the tolerances in construction, which are given in the
relevant publications (see section 2), should be followed. The structure shall therefore be measured on completion,
and average values of relevant dimensions and their standard deviations of 95% confidence limits computed. The
former shall be used for computation of discharge and the latter shall be used to obtain the overall uncertainty in the
determination of discharge.

The reference gauge shall conform to par. 4.4.2 and to ISO 4373.

The location of the head measurement section is dealt with in the relevant publications (see section 2).

6.3.4.10 As the size of the structure and the head on it reduce, small discrepancies in construction and in the zero setting and

reading of the head measuring device become of greater relative importance.

6.3.4.11 Initial setting of the zero of the head measuring device accurately with reference to the level of the invert of the crest

or throat, and regular checking of this setting thereafter, are essential if overall accuracy is to be attained.

6.3.4.12 An accurate means of checking the zero shall be provided. The instrument zero should be obtained by a direct

reference to the crest level or throat invert, and a datum plate set on the wall of the approach channel and in the
stilling well accurately levelled with reference to the crest or throat.

6.3.4.13 A station benchmark shall be established to conform to par. 4.5.4.

6.3.4.14 The design and construction of the stilling well shall conform to par. 4.4.3 and to ISO 4373.

6.3.4.15 The water level recorder shall conform to par. 4.4.4 and to ISO 4373.

6.4

6.4.1

6.4.2
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Ultrasonic (acoustic) gauging station

Principle of the method of measurement — The principle of the ultrasonic (acoustic) method is to measure the
velocity of flow at a certain depth in the channel by simultaneously transmitting pulses in both directions through
the water from transducers located in the bank on each side of the stream. The transducers may be designed to
transmit and receive pulses. They are not located directly opposite each other, but are staggered so that the angle
between the pulse path and the direction of flow is between 30° and 60°. The difference between the time of travel
of the pulses crossing the river in an upstream direction and those travelling downstream is directly related to the
average velocity of the water at the depth of the transducers. This velocity can then be related to the average velocity
of flow of the whole cross section and, if desirable, by incorporating an area factor in the electronic processor, the
system can give an output of discharge.

Preliminary survey — A preliminary survey should be made to ensure that the physical and hydraulic features of
the proposed site conform to the requirements for the application of the method.
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6.4.3  Selection of site — The site selected should conform to the requirements of par. 5.1.3. It should be such that it is
feasible to measure the whole range and all types of flow which may be encountered or which it is required to
measure. The following factors should be considered:

“ *a. A substantial power supply should be available.
b. There should be good access to the site, preferably to both banks.

c. Abrupt bends in the channel should be avoided if possible but these may be acceptable provided that condition d. .
| is satisfied.

d. At cross sections taken in the area between the upstream and downstream transducer mountings, the velocity
distribution should be similar.

e. The bed should preferably be stable. If it is not, regular bed surveys should be carried out to determine the change
in area in order to compute the discharge.

f. The section should be free of weed growth which attenuates the acoustic signal.

g. Table 1 gives approximate minimum required depths of flow for streams for three different frequencies. It is
based on consideration of the refraction problem only and shows that the depth of water required increases as the
path length increases. The table is based on the “first zero crossing” method of signal detection.

TABLE 1

Required Depth of Flow for
Ultrasonic Gauging

Frequency, kHz
Path
length 100 200 500
Minimum depth necessary
m m
‘ 50 0.8 0.6 0.4
100 1.2 0.8 0.5
200 1.7 1.2 0.8
300 2.1 15 0.9
400 24 1.7 1.1
500 2.9 1.9 1.2
600 3.0 2.0 1.3

This method is based on the time (t) required for a burst of acoustic energy to return to its “zero” or initial release
point. Water depth (d) is then calculated as follows:

d = ; c

where:

t = time required for acoustic energy to return to its “zero” point, s

¢ = velocity of sound in water, m/s

d = water depth, m

Further information on acoustic gauging may be obtained from ISO 4366.

h. Refraction of the acoustic signal can be caused by temperature gradients as low as 0.01°C per 30 mm depth and
. the signal may be lost due to this cause alone. A water temperature survey should therefore be made at the
proposed site particularly during extremes of temperature. )
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i. Attenuation of the acoustic signal may also be caused by reflection and scatter of the propagated pressure wave
from entrained air bubbles. Sites immediately downstream of dams, weirs or waterfalls should therefore be
avoided.

j- Suspended solids may have a significant effect on the signal attenuation, caused by both reflection and scatter
from sediment particles suspended in the stream. Generally sections having concentrations of over 1000 mg/L for
significant periods of time should be avoided. Due regard should be given to the operating frequency used, the
size of sediment, distribution, water temperature and length of acoustic path.

Design and construction

The gauging station consists of:

a. one or more pairs of transducers installed on each bank and fixed permanently in position or one or more pairs of
transducers installed on each bank and having a facility of movement in the vertical or on an incline;

*b. an electronic console containing an electronic data processor and recorder;

c. a water level recorder interfaced with the electronic data processor where an output of stage or discharge or both
is required;

d. an armoured cable, to transmit the signals from the transducers and the water level recorder (where part of the
system), normally installed in the bed;

e. a reference gauge.

For the method of fixed transducers (see par. 6.4.4.1 a.), 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 designed to move on a vertical or inclined assembly (see par. 6.4.4.1 a.),
the system is self-calibrating. This is performed by establishing vertical velocity curves by moving the transducers to
the various paths and obtaining a series of path velocities in the vertical. This should be performed 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 should be
determined from a preliminary examination of vertical velocity curves obtained by a current meter. The transducers
should then be either fixed or installed on an assembly as in par. 6.4.4.1 a.

Where the transducers are to be permanently fixed in position, they should be mounted on a rigid pile driven into the
river bed in a vertical position. Where they are designed to slide on an assembly, the construction of the mountings
and guides should be such as to withstand damage from debris and from any accumulation of silt etc. The guides
should be securely fastened to the bed or banks and set in concrete so as to be free from sinking, tilting or washing
away. The anchorages should extend below ground surface to a level free of disturbance by frost.

In both methods (see par. 6.4.4.1 a.), the construction should be sufficiently rigid as to be capable of withstanding
the effects of floods.

A detailed level survey should be made of the bed and the banks extending for one channel width upstream of the
proposed upstream transducer mounting and one channel width below the downstream transducer mounting.
Depending on the result of this survey, consideration should be given to the improvement of the bed and the banks
by cleaning or dredging after which the local survey should be repeated.

When the positions of the transducer mountings have been decided, the angle between the mountings should be
carefully surveyed for ultimate wiring into the electronic processor. A level survey should be made of the bed
between the transducer mountings along the path length and the average bed level obtained also for wiring into the
electronic processor where discharge is being processed on site. This survey should be repeated periodically as an
operation requirement.

CAN/CGSB-157.3-M91




6.4.4.8

6.4.4.10 The reference gauge shall conform to par. 4.4.2 and to ISO 4373.

6.4.4.11 A station benchmark shall be established to conform to par. 4.5.4.
6.4.4.12 The design and construction of the stilling well, if used, shall conform to par. 4.4.3 and to ISO 4373.

6.4.4.13 The water level recorder shall conform to par. 4.4.4 and to ISO 4373.

7.

7

7.4

75

*7.6
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The output from an ultrasonic station may be recorded in any one of the following modes:
a. Path velocity (or an index which is numerically proportional to the path velocity)

b. Path velocity and stage

c. Discharge and stage

d. Velocity and discharge

e. Velocity, discharge and stage.

If stage is not included in the mode, it should be recorded separately by water-level recorder for subsequent off-site
processing.

When operating in the discharge mode, a keyboard should be provided with the electronic processor to make any
adjustment necessary for a change in bed level (see par. 6.4.3 e.).

COMPILATION OF RECORDS

The collection of field data in the form of records of gauge readings, charts or tapes taken from recorders and of
velocity or discharge measurements is only the first step in the compilation of a station record. While it is important
that field observation should be accurately made, no less importance should be attached to the work of reducing the
information. Both operations must be performed with meticulous care as negligence in either operation can vitiate
the value of the records. All field data should be examined critically and promptly with the objective of uncovering
any anomalies which may exist.

Where recorders are installed, readings of water levels from instrument charts or tapes should be taken at such
intervals as may be necessary to define the hydrograph adequately. The conversion from water level to discharge by
the use of the stage-discharge curve and station rating table 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, making all necessary
corrections, and the daily mean discharge 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 observations of a gauge or readings from an instrument chart or tape, vary linearly with time. This is not
necessarily the case. Readings should therefore be taken at frequent enough intervals to ensure that the assumption
of linearity is valid.

The extrapolation of discharges from rating curves should be avoided, if possible, otherwise it should be done as
indicated in Appendix D of CAN/CGSB-157.4-M/ISO 1100/2. Discharges derived by extrapolation shall be
distinguished from those derived by interpolation. Notwithstanding, a record may be considered a standard record
provided the sum of the estimated quantities does not exceed 5% of the total run-off for the year.

Annotations of the record should also indicate any day on which the flow suffered interference through weed
growth, ice or flood debris.

Fall-discharge method — For the compilation of records for the fall-discharge (twin gauge) method, reference
should be made to CAN/CGSB-157.4-M/ISO 1100/2.

Ultrasonic gauging station — The instructions given in the manufacturer’s operation manual should be followed in
carrying out checks on the display unit on the electronic console to ensure that the day, time, level, velocity or
discharge are displayed correctly. The data output tape should be checked to ensure that the punching or printing
corresponds to the display on the console. Indicator lights should be checked and any sign of malfunction reported.
The water level should be checked as described in par. 6.1.7.3.
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MEASUREMENT AND COMPUTATION OF DISCHARGE UNDER ICE CONDITIONS
Design and construction

Stilling well — The stilling well and inlet pipes shall be constructed in such a manner that the system will remain
operational during extended periods of freezing temperaturcs. Mcthods of achieving this include those listed below:

a. Construct the well of non-conductive materials, or insulatc to prevent frost penetration.

b. Where necessary and feasible, the lower inlet pipe shall bc wrapped with electrical heat tape, or the heat tape
placed inside the inlet pipe, so that it maybe kept frce of ice using a commercial power source or portable
generator. A steaming apparatus having the necessary Iength of steam hose may also be used to thaw an inlet
pipe.

c. Inlet pipes shall be positioned such that the lower pipe is below the bottom of the ice sheet, and the upper pipe is
above the ice sheet. In this way the recorder will operatc on the lower inlet during the freezing period, and should
the lower inlet become frozen, the upper inlet will becomc opcrative during the snowmelt freshet while the lower
intake thaws.

d. Stilling wells which are constructed far enough into the bank to be below the frost line may be kept free of ice
through the use of a removable insulated subfloor. The subfloor shall be positioned below the frost line but above
the maximum likely water level during the freezing period. Provision shall be made for free passage of the float
and counterweight wires. The subfloor must be removed prior to the snowmelt freshet.

e. As an alternative to d., an open-ended waterproof cylinder, larger than the float diameter shall be fixed vertically
in the well and partially filled with a non-volatile petrolcum distillate. The cylinder shall be of sufficient length
and installed such that the lower end will be substantially lower than the minimum anticipated water level and the
upper end higher than the maximum anticipated watcr level for the period over which freezing temperatures
occur. Care should be taken to ensure that the float will ridc freely in the cylinder and travel of the counterweight
is not impeded. The cylinder and petroleum distillatc should be removed before the spring freshet. If the
petroleum distillate escapes from the cylinder, errors in stage record will result because of the specific-gravity
difference between water and the distillate.

f. Stilling wells may be heated by means of electrical or propane (bottled gas) heaters. In some instances, it may be
necessary to mount the heater on a separate float systcm or (0 incorporate an electric immersion heater into the
recorder float to prevent freezing of the well. The quantily 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 water vapour which
will condense as frost in the recorder shelter 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 instruments will operatc at temperatures of -45°C if special cold-temperature
lubricants are used.

The pneumatic recorder

The orifice from which the compressed gas exits into the stircam shall be mounted at an elevation below that of the
bottom of the ice sheet that would normally form at the gauging station.

The orifice shall be located away from locations where anchor ice will form, such as above rapids, to prevent
blockage of the orifice.

Where the possibility of the orifice becoming frozen in the ice exists, the gas feed pressure shall be reduced to a
value less than the pressure equivalent of the full scale rangce of the instrument. This will prevent possible instrument
damage in the event of the orifice becoming blocked.

The line to the orifice shall be buried in the bank to a depth sufficient to prevent damage from ice scour during the
freshet.

The mercury used in some instruments solidifies at approximately -40°C, preventing collection of water level
information at colder temperatures. The instrumentation shall be heated to the minimum operating temperature
stated by the manufacturer if uninterrupted operation is rcquired. Battery power supplies may be waterproofed and
placed in the stream to obtain satisfactory performance during cxtremely low temperatures.
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9:2.2

9.2.3

Notches, weirs and flumes — Where necessary and feasible, these structures shall be heated during the freezing
period to ensure that the head-discharge relation is applicable during the winter. This may be accomplished by
suspending an array of electric or propane radiant heaters from a hood over the structure, or by enclosing the entire
structure, leaving openings for the free inflow and outflow of water. The space enclosed in this manner may then be
heated. The elevation of the structure shall be checked with an engineer’s level during the ice period to ensure that
the structure has not heaved due to freezing of the soil.

Compilation of records

Daily discharge record, computed for periods when ice conditions affect the stage-discharge relation, is normally
subject to a greater error than under open water conditions. However, ice effects at a given gauging station tend to
follow a similar pattern and reliable computations can normally be made by careful interpretation of the type of ice
regime, hydrometric data, meteorological data and a knowledge of previous ice effects.

Methods of computation for streams having continuous ice cover — Many methods exist but most depend on the
calculation for each discharge measurement of the effective gauge height, or gauge height from the open water
stage-discharge relation that corresponds to the discharge measured under ice cover. The backwater or difference
between the effective gauge height and the recorded gauge height at the time of measurement may also be
calculated. Values of either effective gauge height or backwater between discharge measurements are interpolated
using air temperatures, ice thickness, or other hydrologic information as a guide and hence daily discharge may be
computed.

Methods of computation for streams having intermittant ice cover — Some streams do not form a permanent ice
cover and are subject to cycles of formation and dissipation of ice cover, frazil ice and anchor ice throughout the
winter. These cycles can occur on a daily basis and will result in a highly irregular water stage record.

Frequent discharge measurements are necessary, especially at new gauging stations, to develop a better
understanding of the stage-discharge interactions that occur under varying climatic conditions. Continuous operation
of a recording current meter at a point in the cross section or time lapse photography may provide useful information
for interpretation of the stage record.

NOTES

Option — The following option must be specified in the application of this standard:

a. Graduations on a float gauge, if not in millimetres (par. 4.4.2.3 c.).
Sources of Referenced Publications

The publications referred to in par. 2.1.1 may be obtained from the Canadian General Standards Board, Sales Unit,
Ottawa, Canada, K1A 1G6. Telephone (819) 956-0425 or 956-0426. Fax (819) 956-5644.

The publication referred to in par. 2.1.2 may be obtained from the Canadian Standards Association, 178 Rexdale
Blvd., Rexdale (Toronto), Ontario MOW 1R3.

The publications referred to in par. 2.1.3 may be obtained from the Standards Council of Canada, Standards Sales
Branch, 350 Sparks Street, Suite 1200, Ottawa, Ontario K1P 6N7.

CAN/CGSB-157.3-M91 27




	157_series_2011w-b.pdf
	157.3-M91_AUG_1991_E.pdf



