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Foreword

This Part of BS 3680 has been prepared under the direction
of the Industrial-process Measurement and Control
Standards Committee.

It is related to 1SO/DIS 555/2* on which the UK voted
against because of its reference to sodium dichromate as a
tracer. The use of this type of tracer is deprecated in the
UK because of its toxicity. The standard contains an
appendix on hydrometric considerations which is not
found in ISO/DIS 555/2,

Compliance with a British Standard does not of itself
confer immunity from legal obligations.
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Method

0 Introduction

The flow in open channels such as rivers and sewers can be
determined by the injection of a tracer, often by simply
emptying a flask of tracer into the channel. The method
described here is an alternative to the constant-rate injection
method (BS 3680 : Part 2A) and many of the requirements
regarding the tracers, the channel-and the type of flow are
similar for both methods, The method was formerly known
as the ‘sudden injection’ method but this term is being
replaced here because it can mislead. The method is valid
for an injection over an extended period of time and can
therefore be applied to some benefit where accidental spills
of soluble chemicals occur or where a constant-rate injection
has been arrested prematurely.

Open channels may be used to convey various liquids
including organic liquors and slurries, The text therefore
deals with the general case although it is realized that most
flow measurements by dilution methods (dilution gauging)
are carried out in aqueous flows in rivers or sewers.

1 Scope

This Part of BS 3680 gives the integration method for the
measurement of steady flow and describes several sampling
procedures that can be used to establish that the mixing of
the tracer is satisfactory at the cross-section where the
measurement of flow is required. The choice of tracer

is discussed and the channel characteristics necessary

for the application of the method are briefly outlined.

The procedures that may be required to inject the tracer,
to determine the quantity injected and to measure the
concentrations of tracer in the injection solution and in
the samples are given,

NOTE 1. The complexity of these procedures can vary considerably,
depending on the objectives, When only a rough estimate of the
discharge Is required in a remote area, or during spate flow condi-
tions, the experimental and analytical techniques can be less rigorous
than those required for the catibration of a gauging structure.

The analysis of samples is not dealt with in detail but a
numerical example is given to illustrate the calculation of
flow and the estimation of uncertainties.

NOTE 2. The titles of the publications referred to in this standard
are tisted on the inside back cover.

2 Field of application

For a given discharge the integration method generally
requires much less tracer than the constant-rate injection
method, It will therefore be more applicable when tracer
economy is important because of cost or local pollution
considerations (discharges of several thousand cubic metres
per second have been determined using the integration
method), The integration method may also be preferred for
sites where access is difficult, or when facilities are sparse,
because the field operations can be very simple. Where any
doubt exists on the steadiness of the flow the constant-rate
injection method should be used, since the integration
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method provides no information on the variation of flow
with time, and errors in the computed flow would occur.

The method can be applied only when the mixing processes
within the channel, whether caused by natural turbulence
or otherwise, are sufficient for the tracer to be thoroughly
mixed across the entire cross section of the channel.

NOTE 1. It is sometimes convenient to take samples downstream of
a flow division, e.g. from an abstraction pipe or intake channel
jeading to a works, in which case the computed discharge applies to
the cross section immediately upstream of the bifurcation,
Dilution gauging is particularly suitable for turbulent rivers
where other methods are difficult to apply, e.g. rock-strewn
shallow rivers of high slope.

NOTE 2. Measurement of flow in rivers presents special difficulties,
and hydrometric considerations should be taken into account (see
appendix A),

As difution gauging involves the determination of volumes
and times only, it is suitable for calibrating other methods
of flow measurement; tracer concentrations need only be
found as arbitrary relative readings. When calibrating other
methods the accuracy and cost of dilution gauging should
be compatible with the device or structure under examina-
tion and reference to the standards for the other methods
should be made for guidance on the consistency to be
expected between results,

3 Definitions and symbols

3.1 For the purposes of this Part of BS 3680 the definitions
given in BS 3680 : Part 1 apply, together with the following.

background concentration. The concentration of the tracer
substance in the liquid in the channel, not attributable to
the injection of the tracer for the gauging, i.e. present
upstream or before the injection.

3.2 The following symbols are defined where they occur in
the text but are also listed below with their corresponding
units of measurement.

Symbols Units of
measurement
A Independent estimates of unspecified —
B quantities
A Activity of tracer injected Ci
c Chezy coefficient m1/2.57
. Ly Mixing length m
Q Discharge, flowrate m1/3.-1
4 Volume of tracer solution injected m?
as Area under extrapolated concentration-
time curve m?
b Mean width of channel at liquid
surface over the measuring reach m
Ct Concentration of last sample mg/L
Co Background concentration of tracer
in channel mg/L
c Concentration of tracer in injection
solution mg/L
Cs Concentration of tracer in channel
at sample cross-section Documeiyts
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mg/L

Cy Mean of ¢, over the sampling interval

d Mean depth of liquid in channel over
the measuring reach m

g Acceleration due to gravity mes 2

m Mass of tracer injected mg

n Number of observations and Manning's
roughness coefficient ) s'm~3

N Hydraulic radius, hydraulic mean depth m

2 Approximate mean of sequence of -
variances s ,

Sb ‘Between samples’ standard error -

s;i2  Variance of a term in a sum of -
results x;

::} Standard errors of estimates A, B -

t Time elapsed from start of injection 3

tg Sampling interval s

ty2  Half-time of decay of concentra-
tion ¢, s

X Result of an observation —

4 Principle

4.1 General

A quantity of tracer solution of concentration ¢y, in mg/L,,
and volume V, in m3, is injected into the channel, often by
a simple steady decantation from a flask over a period of
time that is relatively short compared to the estimated
period for the tracer to pass the sampling station. At a
sampling station downstream the passage of the entire
tracer cloud is monitored to determine the concentration-
time relationship as accurately as required for the purpose
of the gauging.

Provided the sampling cross section is far enough down-
stream for the tracer to have mixed uniformly with the
entire flow, then the quantity of tracer injected can be
equated to the product of the discharge Q and the integral
with time of the tracer concentration at any point in the
sampling cross section as follows:

c; V=0 f: {cz - o) dt
where
Q is the discharge (in m/3:s71)

¢, is the concentration of tracer in channel at sample
cross section {in mg/L)

¢o is the background concentration of tracer in channel”

{in mg/L)

t s the time measured from the start of injection of the

tracer {in s)

4.2 Monitoring the passage of the tracer

4.2.1 General, As the cloud of tracer passes the sampling
cross section or cross sections, the concentration ¢, follows
a curve of the form shown in figure 1. For the purposes of
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dilution gauging, it is necessary to plot the curve and find
the area under it. For this purpose, a variety of methods
exists, as outlined in 4.2,2 t0 4.2.4.

4.2.2 Continuous recording. Detection probes are used at
the sampling cross section to establish the entire concentra-
tion against time curve, e.g. conductivity or ion-selective
electrodes for chemical tracers, fluorimeters for dye tracers
and scintillation detectors for radioactive tracers. The area
under the curve can be integrated by electronic means at
the time of recording, or by later analysis of the recordings,
¢.g. by use of a planimeter or desk calculator,

4.2.3 Multiple samples. Discrete samples are taken to
establish the form of the concentration-time curve. The time
at which each sample is taken is known accurately but equal
intervals of time between samples are not essential.

4.2.4 Constant-rate sampling. Samples are collected at
constant rate from given points in the cross section in

order to obtain bulk samples which, in effect, integrate the
tracer curve by a physical process. The most economical
technique is to take a single bulk or average sample,

of concentrationc,, in mg/L, over a period t,, in s, which is
longer than the entire period for which the tracer is passing.
NOTE. Too long a sampling period results in excessive dilution of
the sample and consequent loss of precision in the gauging.

The discharge, Q, in m"/3-s7!
following equation: '

Ve
ts (c2 - ¢co)

, is then calculated from the

5 Tracers

“5.1 Selection of tracers

The three types of tracer in common use are chemicals,
fluorescent dyes and radioactive isotopes. The choice of
tracer for each gauging depends on a number of factors
including background levels, the analytical equipment
available to the gauging team and the magnitude of the
flow. Wastewater effluents may already contain chemical,
fluorescent or radioactive substances, and information on
effluents, general water quality and any application of
tracers by others in or upstream of the measuring reach is
obtained in order to select the most appropriate tracer.

b.2 General characteristics

An ideal tracer solution complies with the following
requirements;

(a) it shall not give any reaction with the liquid, with any
matter carried in solution or suspension, with the
materials which form the channel or with the sampling
systems and containers used in the analysis of the tracer;

(b) it shall be stable under environmental influences
existing along the channel, s.g. sunlight, pH changes,
over the envisaged time of travel between injection and
sampling stations;
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{c) it shall have no harmful effects on people, including
the gauging team, or on any flora and fauna that might
come into contact with the tracer;

NOTE, Advice should be obtained from qualified persons on the
handling and use of tracers, particularly when they are used for
the first time,

{d} it shall be readily detectable at concentrations
compatible with the accuracy desired, and the quantity
of tracer it is convenient to inject.

NOTE, It is important that the background level of tracer,
or substances with similar analysis characterlistics existing in the
flow, shall be relatively low and stable.

5.3 Tracers for aqueous flows

5.3.1 Chemical tracers are as follows:

{a) chloride, used as sodium chloride, solubility
350 kg'm™3;

{b) lithium, used as lithium chloride, solubility
600 kg'm™;

(c) iodide, used as sodium or potassium {odide,
solubility 1270 kg'm™

NOTE. Bromide and fluoride are satisfactory but are not in
common use. Chromium as sodium dichromate has been used
successfully but is regarded as a pollutant to avoid if alternatives
are avallable, Other substances such as manganese sulphate and
sodium nitrate have been used, Under some conditions lithium
may suffer temporary adsorption delays, and special checks are
required when lodide Is used If organic debris is present because
tracer losses by adsorption may be considerable.

5.3.2 Radioactive tracers are as follows:

{(a) bromine-82, halflife 36.3 h, used as potassium
bromide;

(b) sodium-24, halflife 16.0 h, used as sodium
bicarbonate;

{c) tritiated water, halflife 12,3 years.

NOTE. Although tritiated water can be considered as the
reference water tracer it might be regarded as an unacceptable
pollutant because of its long halflife, Its use should therefore be
justified In relation to the importance of the gauging, long times
of travel or ease of carriage. (It requires no shielding,) Bromire-82
may be regarded as a secondary standard. The use of radloactive
tracers for dilution gauging is the subject of BS 3680 : Part 2C.

6.3.3 Fluorescent tracers are as follows:

(a) rhodamine WT;

{b) sulphorhodamine B (also named lissamine red 4B,
pontacyl brilliant pink B, kiton rhodamine B and acid
rhodamine B);

(c) pyranine.

NOTE. Checks for possible adsorption reactions, chemical inter-
ferences and photochemical decay should be made (see 8.2),
These tracers are not recommended for use in sewers or natural
channels where high concentrations of suspended solids occur.

B.4 Tracers for non-aqueous flows

In commonly occurring non-aqueous flows in open channels,
which tend to be either organic or acidic in nature,

the following radioisotopes are the most satisfactory tracers.
(a) Organic flows:

(1) sodium-24, used as sodium salicylate or
naphthenate;
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(2) bromine-82, used as paradibromobenzene;

(3) tritium, used as the most appropriate organic
material readily available in the labelled form.

NOTE 1. Whare possible, the tracer solution should be prepared
by using liquor drawn from the flow to be measured,

NOTE 2. In general the chemical compounds listed in 6,3.2 are
not suitable for use in the presence of organic materlals,

(b) Acidic flows:

{1} sodium-24 as sodium carbonate.

NOTE. Bromine-82 may not be conserved when used as
potassium or ammonium bromide because of losses of bromine
in volatile form mostly as hydrobromic acid.

5.5 Quantity of tracer

The quantity of tracer it is necessary to use can be decided
only after the following factors have been established:

{a) the accuracy required for the gauging;
{b) the background levels and their variation;

{c) the sensitivity and repeatability with time of the
analytical equipment;

{d) safety clearance and possible effects on the local
environment.

NOTE. As a very general guideline on the order of magnitude
required for short times of travel of the tracer, when background
levels are reasonably low and stable, approximately 10” Ba

(27 mCi) of radiotracer, 1 g of fluorescent tracer, 100 g of lithium
or iodide and 100 kg of sodium chloride (for the conductivity
method) per cubic metre per second of flow would be required.

6 Selection of measuring reach

6.1 General considerations

Check that the measuring reach is as short as possible,
consistent with satisfactory mixing, as this achieves
economies in sampling time and quantity of tracer and
reduces the likelihood of loss of tracer to the bed. For the
same reasons check that dead water zones in the reach are
as small as possible, and zones with heavy aquatic growth
are avoided.

The condition of satisfactory transverse mixing is that the

area of the concentration-time profile {f {c; - ¢o) dt) taken
at any point in the sampling cross section shall not vary by

more than a predetermined tolerance, decided by the
application. For rivers, this condition is easier to satisfy in
relatively narrow channels where the degree of turbulent
diffusion is high,

NOTE 1. Bends improve mixing, but apparent mixing by falis, rapids,

shelves, etc, can be deceptive.

Whe(e the natural turbulence in the reach is inadequate to
ensure uniform and homogeneous mixing either

{a} increase the length of the measuring reach usually by

moving the injection point upstream, a centre injection
being preferred to an injection at one bank;

or

{b) reduce the mixing length by distributing the injection

over the whole width of the channel,
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