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FOREWORD 

ISO (the International Organization for Standardization) is a worldwide federation 
of national Standards institutes (ISO Member Bodies). The work of developing 
International Standards is carried out through ISO Technical Committees. Every 
Member Body interested in a subject for which a Technical Committee has been set 
up has the right to be represented on that Committee. International organizations, 
governmental and non-governmental, in liaison with ISO, also take part in the work. 

Draft International Standards adopted by the Technical Committees are circulated 
to the Member Bodies for approval before their acceptance as International 
Standards by the ISO Council. 

International Standard ISO 2975/1 was drawn up by Technical Committee 
ISO/TC 30, Measurement of fluid flow in closed conduits, and circulated to the 
Member Bodies in October 1972. 

lt has been approved by the Member Bodies of the following countries : 

Australia Japan 
Belgium Netherlands 
Czechoslovakia New Zealand 
France South Africa, Rep. of 
Germany Spain 
Hungary Switzerland 

Thailand 
United Kingdom 
U.S.A. 
U.S.S. R. 

No Member Body expressed disapproval of the document. 

0 International Organkation for Standardkation, 1974 l 

Printed in Switzerland 
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INTERNATIONAL STANDARD ISO 2975/1-1974 (E) 

Measurement of water flow in closed conduits - 
Tracer methods - 
Part I : General 

0 IINTRODUCTION 

This International Standard is the first of a series of 
Standards covering tracer methods of water flow 
measurement in closed conduits. The complete series of 
Standards will be as follows 

- Part I : Genera/. 

- Part II : Constant rate injection method using 
non-radioactive tracers. 

- Part II I : Constant rate injection method using 
radioactive tracers. 

- Part IV : Integration (sudden injection) method 
using non-radioactive tracers. 

- Part V : Integration (sudden injection) method using 
radioactive tracers. 

- Part VI : Transit time method using non-radioactive 
tracers. 

- Part VII : Transit time method using radioactive 
tracers. 

1 SCOPE AND FIELD OF APPLICATION 

This International Standard deals with the measurement of 
water flow in closed conduits by using tracer methods; the 
flow of other liquids and of gases will be dealt with in 
subsequent International Standards 

These methods apply to flow measurement in conduits into 
which a Solution tan be injected and those cases where 
effective mixing of this solution with the water flowing in 
the conduit tan be achieved, this last condition being 
fundamental. 

Three fundamental procedures are used : 

Two procedures, known as the constant rate injection 
method and the integration (sudden injection) method, 
are based on the dilution principle : a tracer Solution is 
injected into the conduit and the dilution (ratio) of this 
tracer in the water flowing in the conduit is determined, 
this dilution being proportional to the rate of flow, 

The third is a method of measurement of the mean 
transit time (formerly called Allen velocity method) : 
the tracer is injected into the conduit and the time taken 
by the tracer to travel a specified length between two 
Cross-sections in each of which it is detected, is 
measured. 

In these three methods, the advantages and disadvantages of 
which are considered in clause 4, the distance between 
injection and measuring sections should be great enough to 
achieve adequate mixing of the tracer with the water 
flowing in the conduit; the Problem of an adequate mixing 
distance is considered in clause 6. 

A large number of different tracers may be used, such as 
radioactive or non-radioactive, mineral or organic materials. 
The choice of tracer depends on the circumstances of the 
measurement (clause 5). The error in measurements using 
tracers tan be iess than 1 % under good conditions 
(clause 7). 

2 VOCABULARY AND SYMBOLS 

The vocabulary and Symbols used in this International 
Standard will be defined in ISO . . . . Glossary of terms and 
Symbols relative to the measurement of fluid flow in closed 
conduits. 1 ) 

3 UNITS 

The basic units in this International Standard are SI units. 

4 CHOICE OF METHOD 

4.1 Comparison between dilution methods and methods 
based on transit time measurement 

4.1.1 Advantage of the dilution methods 

lt is not necessary to know the geometrical characteristics 
of the conduit. 

1) In preparation. 

1 
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4.1.2 Advan tages 
measuremen t 

of methods on transit time It is also preferable for the tracer to 
fo Ilowing requirements : 

comply with the 

lt is necessary only to determine the concentration-time 
distribution at two measuring Cross-sections separated by a 
known volume of Pipe. lt is not necessary to know 
volumes, masses, rates of flow or characteristics of the 
injected solutions. 

d) it should be cheap; 

e) it shou ld only be present in the water flowing 
conduit at a negligible or constant concentration. 

in the 

In addition, 
tracer 

for dilution methods, it is important that the 

4.2 Comparison between the two dilution methods 
(constant rate injection and integration (sudden injection) 
procedure) 

f) tan, at low concentrations, be analysed accurately; 

g) should not react with the water flowing in the 
conduit or with any other substance with which it may 
come into contact in such a way as to affect the 
measurement. 

4.2.1 Advan tages of the constant rate injection method 

- If the rate of flow of the injection is known to be of 
the required accuracy and constancy it is not necessary 
to measure any period of injection. Furtherm ore, 

necessary that 
for transit time meth 

tracer be such that 
ods, it is absolutely 

the 
- It is simple to check good mixing by using only one 
instrument when samples tan be taken at different 
locations in the plane of the Points of measurement. 
However, several instruments in parallel should be used 
when the same verification is required in the integration 
method. 

hl 
be 

its concentratio 
determined at an 

n 
Y 

in the measur 
moment. 

*ing cross- sections tan 

The following substances are given as examples, together 
with final minimum concentrations at which they tan be 
detected at the required levels after dilution in water : 

- It is simpler to determine random errors. 

5.1.1 Non-radioac tive tracers 

- sodium dichromate (Na,Cr,0,.2H,O) : 
2 x IO-I mg/l with direct analysis 
2 x 10v3 mg/l after reconcentration 

- lt is 
Solution. 

not necessary to know the volume of injected 

4.2.2 Advan tages of the in tegration method 
- sodium chloride (NaCI) : 1 to 10 mg/l depending on 
original conductivity 

- rhodamine B (C,,H,,CIN,O,) : 2 x Ir4 mg/1 

- This method requires a smaller mass of tracer 
time than the constant rate injection method. 

and 
less 

- Meth od of injection does not 
s is simple. 

matter and the 
apparatu - rhodamine Wt 

- Iithium chloride (LiCI) - With the same quantity of tracer it is possibl 
make the measurement over a greater length of Pipe. 

e to 

- fluorescein (CzoH,oO,Na,) : 5 x Ir3 mg/l 

Other tracers have been used, and in particular : 

- sodium nitrite (NaNO,) 

manganese sulphate (MnS04=4HzO) - 
5 CHOKE OF TRACER 

- sulfo-rhodamine G 

5.1 General 

5.1.2 Radioac tive tracers A large number of different tracers may be used, such as 
radioactive or non-radioactive, mineral or organic, but it is 
necessary for any tracer to comply with the following 
requirements : 

Dilution and transit time methods : 

- bromine 82 (half-life 36 h, y energies of 0,55 to 
1,48 MeV) 

4 it should mix easily with water; 
- sodium 24 (half-life 15 h, y energies of 1,37 to 
2,75 MeV) b) it should 

rate of flow; 
Cause only negl igible modifications of the 

Other isotopes such as : 
c) it should be detectable at a concentration lower than 
the highest permissible concentration while taking 
account of toxicity, corrosion, etc. 

- gold 198 (half-life 2,7 days, y energies of 0,41 to 
1,09 MeV) 

2 
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- iodine 131 (half-life 8,04 days, y energies of 0,25 to 
0,81 MeV) 

- chromium 51 (half-life 27,8 days, y energy of 
0,32 MeV) 

may be used if preliminary measurements tonfirm that no 
adsorption of tracer occurs on the Walls of the conduit or 
on the Walls of sampling and counting Containers. 

Tritium (half-life 12,26 years, fl energy of 0,018 MeV) may 
also be used. 

In addition, for transit time methods, because the effect 
of wall adsorption on the measurement is not as great as 
in the dilution methods, other isotopes may be used, in 
particular, isotopes obtained from radioactive cows, 
such as : 

137 caesium-137 m barium (half-life 2,6 min, y en- 
&jy of 0,66 MeV) 

- 113 tin-113 m indium (half-life 104 min, y energy 
of 0,39 MeV) 

5.2.1.3 ADVANTAGES OF NON-RADIOACTIVE TRA- 

CERS 

- It is not necessary for the Operators to be specially 
trained and classified. 

- Substances generally remain stable with time; delays 
and distances between the supply and the use of the 
substance do not matter. 

- Transport and injection of the substance do not 
require particular safety procedures; Containers tan be 
light. 

- Administrative authorizations are not necessary for 
each measurement. 

5.2.2 Comparison 
general use 

o f various n on-radioac tive 

5.2.2.1 ADVANTAGES OF DICHROMATE 

5.2 Advantages or disadvantages of the different tracers - lt is not present in natura1 waters. 

5.2.1 Comparison 
tracers 

between radioac tive and non-radioac tive 

5.2.1.1 ADVANTAGES OF RADIOACTIVE TRACERS 

- These tan be detected by means of probes located 
outside the conduit (for tracers emitting y radiation). 

- The measurements are less affected by turbidity of 
the water than are those made with non-radioactive 
tracers. 

- If the basic substance of tracers with a short half-life 
is inoffensive, any contamination danger disappears very 
quickly and there is no permanent pollution. 

- The tost of the tracer is not proportional to the rate 
of flow to be measured, and this makes its use attractive 
in the case of large rates of flow. 

5.2.1.2 PARTICULAR ADVANTAGES OF RADIO- 

ELEMENT GENERATORS 

- A practically inexhaustible quantity of radioactive 
tracer of short half-life is availabe at the measuring place 
from a small quantity of “mother” substance of long 
half-life at a very low tost. 

- lt is possible to make repeated measurements in 
recirculating Systems when the “daughter” substance has 
a suff iciently short half-life, 

in 

- lt is very stable when in crystalline form and 
relatively stable when in Solution in pure waters, even in 
sunshine. 

- lt is very soluble in water (more than 600 g/l). 

- lt is relatively cheap. 

5.2.2.2 DISADVANTAGES OF DICHROMATE 

- Instability in certain reducing conditions. 

- Need of a reagent. 

- Toxic in concentrated solutions. 

5.2.2.3 ADVANTAGES OF 

- They tan be anafyzed 
tan dichromate. 

- Their concentration 
measurements as they do 
analysis. 

RHODAMINES 

in smaller concentrations than 

tan be recorded during 
not need any reagent for the 

- They are not present in natura1 waters. 

- They are not significantly toxic and do not affect 
animal life. 

5.2.2.4 DISADVANTAGES OF RHODAMINES 

- Not very soluble. 

- Rather expensive. 
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- The characteristics of certain rhodamines are 
affected by sunlight, temperature or the presence of 
certain silts in water (Problems due to adsorption 
effects). 

- Residual colour is difficult to remove. 

5.2.2.5 ADVANTAGES OF SODIUM CHLORIDE 

- The resistivity of the sodium chloride Solution is 
proportional to concentration over a wide range. 

- lt is relatively cheap. 

5.2.2.6 DISADVANTAGE OF SODIUM CHLORIDE 

- lt cannot be used at very low concentrations. 

6 CHOICE OF MEASURING LENGTH AND 
ADEQUATE MIXING DISTANCE 

6.1 I ntroduction 

When a tracer is used to measure the flow of water in a 
conduit, there should be sufficient distance between the 
region in which the tracer is injected or produced and the 
region in which concentration or transit time measurements 
are made. The distance which is required in Order to allow 
the tracer to mix with the water in the conduit is known as 
the mixing distance. 

The mixing distance is defined as the shortest distance at 
which the maximum Variation (x), over the Cross-section, of 
s,f C,dt for the integration method is less than some 
predetermined value (for example 0,5 %); this corresponds 
to the concentration of tracer for the constant rate 
injection method. Thus, the mixing distance is not a fixed 
value, but varies according to the allowed concentration 
variations : the smaller the acceptable Variation the greater 
the mixing distance. 

For highest accuracy in flow measurement it is necessary to 
ensure the smallest possible values of x at the measuring 
Cross-section. However, in practice higher values of x may 
have to be tolerated when sufficiently long lengths of 
conduit are not available. 

A multipoint sampling or detection arrangement should be 
used where possible, particularly when a systematic 
Variation in concentration or in @,dt may exist at the 
sampling Cross-section. 

Depending on the tracer and the method of detection used, 
the mixing requirements for the transit time method may 
not be so stringent as for dilution methods. 

Several techniques have been developed to reduce the 
mixing distance and these should be used whenever possible 
(see 6.3). 

6.2 Mixing distance 

6.2.1 Theore tical deriva tion o f mixing distance 

6.2.1.1 XENTRAL INJECTION 

The following equations relating mixing distance (UD) in 
terms of the varying concentration of tracer across the 
conduit, Reynolds number (Re) and Pipe friction, have 
been developed. Equation (1) is derived on the basis of a 
constant radial diffusion coefficient and uniform flow 
velocity; equation (2) is derived on the basis of a parabolic 
distribution of radial diffusion coefficient and uniform flow 
velocity; equation (3) assumes a parabolic distribution of 
radial diffusion coefficient and a logarithmic velocity 
Profile. 

$= 1,18$(2,94-z) . . . (1) 

. . (2) 

b = [20,5-2,85 lnx) Rel/lo [ ‘czr] “* 
l (3) 

x is the maximum Variation, in percent, across the Pipe, 
of concentration C2 for the constant rate injection 
method, or of Jh C2dt for the integration method, at a 
distance L from the Point of injection; 

D is the diameter of the conduit; 

X is the specific coefficient of resistance of the conduit. 

The above equations presented graphically in figure 1 show 
the increase in mixing distance with decrease of x for a 
Reynolds number of Re = IO5 and a smooth conduit. 

The slight dependance of mixing distance on Reynolds 
number (see equation (3) for example) is shown in 
figure 2. For a Change in Re from IO5 to 106, atx = 1 %, 
the mixing distance increases by only 25 %, approximately. 

6.2.1.2 RING IN JECTION 

For uniform injection over a ring with a radius of 0,63 of 
the conduit radius, the mixing distances are reduced to 
about one third of the values derived for a central injection. 
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6.2.2 Experimental deriva tion o f mixing distance 

Values of mixing distance obtained experimentally for a 
central injector in an unobstructed, straight, circular 
conduit are about twice the values predicted theoretically. 
This differente is attributed to several Causes but 
particularly to the differente between the actual flow 
conditions and those assumed in the theoretical analysis. 
Care shall therefore be exercised in the treatment of 
theoretical results. 

The measured Change in mixing distance with x for a 
central injection and for three other methods of injection is 
shown as an example in figure 3. It should be noted that the 
flow turbulente level influences these results. 

6.3 Examples of methods of reducing mixing distance 

6.3.1 Multi-orifice injectors 

When the tracer is injected equally through a number of 
orifices spaced across the conduit, a reduction in mixing 
distance tan be achieved compared with the mixing 
distance associated with a central injector. 

An example of the reduction in mixing distance that tan be 
achieved by using four injectors, equally spaced around the 
wall of a conduit and a radius of 0,63 for the conduit 
radius, is shown in figure 3. 

6.3.2 High Vetocity jets 

If the tracer is injected against the flow with a velocity 
which far exceeds the mean velocity of the water in the 
conduit, impact mixing occurs at the termination of the jet. 
The reduction in mixing distance depends on the number 
and the momentum of the jets and their inclination to the 
direction of flow. 

Accurate quantitative information on the effect of the 
above Parameters is not yet available but reductions in 
mixing distance to approximately 30 % of that for a Single 
central injector tan be obtained by using a simple 
configuration of jets. 

6.3.3 Vortex generators 

A turbulent wake which stimulates mixing and reduces the 
mixing distance tan be obtained by flow deflection plates 
built into the conduit close to the injection region. 

For example, the mixing distance has been reduced to 
one-third of that with a Single central injector by injecting 
the tracer through three triangular plates set at an angle of 
40” to the direction of flow?) 

6.3.4 Pumps and turbines 

A considerable reduction in mixing distance may be 
effected by injecting the tracer upstream of a pump or 
turbine. Information on mixed-flow Pumps indicates that 
this type of pump reduces the mixing distance by about 
100 diameters. 

6.3.5 Bends, valves and other obsttuctions 

Obstructions in the conduit introduce additional turbulente 
and thus tend to reduce the mixing distance. Quantitative 
information on these types of mixing promotors is not 
available but measuring sections that include these devices 
at-e to be preferred. In the transit time method, however, 
the length of conduit between detectors should be straight 
and free of obstruction if the highest accuracy is required. 

6.4 Multi-orifice sampling 

The error due to the use of a distance between the injection 
Cross-section and the sampling Cross-section less than the 
mixing distance tan be reduced if samples are recovered 
simultaneously from a number of positions across the 
conduit and are then mixed Prior to measurement. 

For example, at Re = 105, six sampling Points having the 
same discharge equally spaced across the conduit at 
50 diameters downstream from the Point of injection were 
found to be equivalent to a Single sampling Point at the wall 
at about 100 diameters from the Point of injection. 

6.5 Choke of measuring length 

6.5.1 Dilu tion me thods 

For constant rate injection and integration methods, the 
measuring length is defined as the length of conduit 
between the injection Position and the sampling Point. This 
length should be determined after consideration has been 
given to 6.2, 6.3 and 6.4 about the mixing of the tracer. 

The addition of fluid of the Same nature as that in the 
measuring length does not affect the result, provided that 
the mixture remains homogeneous at all Points of the 
measuring cross-section. The flow measured is the total 
flow through the measuring Cross-section. 

If the measuring length includes losses or sampling Points, 
the result obtained is valid only if it is possible to estimate 
or to verify that the mixture is homogeneous UPstream of 

the IOSS Zone. In this case, the flow measured is the flow in 
the conduit immediately upstream of the loss Zone. 

1) See on this subject Triangular plate vortex generators in flow measurement by G.V. Evans (Fluid FloW - March 1g68 - voL l3 - No= 3 - 
pp. 375 - 376). 
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