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REWORD 

0 (the International Organization for Standardization) is a worldwide federation 
national Standards institutes (ISO Member Bodies). The work of developing 

International Standards is carried out through ISO Technical Committees. Every 
ember 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 
PO the Member Bodies for approval before their acceptance as International 

tandards by the ISO Council. 

h-rternational Standard ISO 2975/lll was drawn up by Technical Committee 
ISO/TC 30, Measurement of fluid flow in closed conduits, and was circulated to 
the Member Bodies in April 1975. 

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

Australia Italy 
Belgium Netherlands 
Czechoslovakia Romania 
France Spain 
Germany Switzerland 

Turkey 
United Kingdom 
U.S.S.R. 
Yugoslavia 

The Member Body of the foliowing country expressed disapproval of the 
on technical grounds : 

U S.A. 

document 

~3 D nternational Organkation for Standardkation, 1976 l 

Printed in Switzerland 
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INTERNATIONAL STANDARD ISO 2975/lll-1976 (E) 

Measurement of water flow in closed conduits - 
Tracer methods - 
Part Hl : Constant rate injection method using radioactive 
tracers 

6 INTRODUCTIION 

This International Standard is the third of a series of 
Standards covering tracer methods of water flow measure- 
ment in closed conduits. The complete series of Standards 
will be as foliows : 

- Part I : Genera/. 

- Part I I : Constant rate injection method using non- 
radioac tive tracers. 

- Part I I l : Konstant rate injection method using radio- 
ac tive tracers. 

- Part IV : ln tegra tion (sudden injec tion) me thod 
using non -radioae tive tracers. 

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

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

- Part VII : Transit time me thod using radioac tive 
tracers. 

1 SCOPE AND FIELD Oß APPLICATION 

This International Standard specifies the constant rate 
injection method using radioactive tracers for the measure- 
ment of water fiow rate in closed conduits. 

2 PRINCIPLE 

Flow rate measurement by a constant rate injection method 
is based on a comparison between the concentration C, of 
a tracer continuously introduced with a known volume 
rate of flow g, and the concentration of samples C2 taken 
at some place beyond the distancel 1. The mixing distance 
is defined as the shortest distance at which the Variation in 
concentration of the tracer over the Cross-section is less 
than some pre-determined value (for example 0,5 % ). (See 
clause 6 of part I .) 

The tracer rate at the injection Point is equal to the rate at 
which it Passes the sampiing Point : 

qc, +clc,= K=q)C2 

Where Cc is the initial concentration in the stream which 
is flowing at the rate Q. 

Hence : 

Q=q 
Cl -c2 

c2 -Co . 0 . 0) 

Generaily C1 is much greater than C2 which leads to a 
simpiification of equation (1) as foliows : 

Cl 
Q=q--- 

c2 - Co 

When C2 is much greater than Co, the equation tan be 
reduced still further to 

Cl 
Q=q- 

c2 

Flow rate Q tan thus be determined by comparing the 
concentration of the injected Solution with the concen- 
tration of samples removed from the conduit. 

3 REQUIRED CONDITIONS 

3.1 Tracer 

For the constant rate injection method the tracer shail meet 
the general requirements defined in 5.1 of part 1. A list of 
generally used tracers is given in 5.1.2 of part l and their 
advantages with respect to non-radioactive tracers are stated 
in 5.2.1 .l and 5.2J.2. 

3.2 Duration of injection 

The duration of injection shail be such that stable concen- 
tration conditions are established at all Points of the 
measuring Cross-section over a sufficient period of time. 

1) Another method tan be contemplated which would not involve sampling. 
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l 2975/111-1976 (E) 

QUonstant concentration shall be obtained for a period sf at 
least several minutes. 

l2e termina tion o f the in jec tion dura tion 

A suitable duration of injection may be determined by a 
preliminary investigation involving the instantaneous 
injection of a dye such as fluorescein or a radioactive 
tracer. Curves 1 and 2 of figure 1 may be plotted for a 
given flow rate from the Observation of the moment when 
the tracer (dye or activity) appears and disappears in each 
cross-section. 

1-F it is required to achieve steady conditions for a period of 
time At in a selected measuring Cross-section S, it is 
sufficient to add this period of time At to the time tl 
corresponding to the disappearance of the tracer at this 
point (i.e. on curve 2) and to plot through the resulting 
point C a curve 1’ similar to curve 1 characteristic of the 
appearance of the dye (or activity). The Ordinate at the 
origin sf this curve gives the duration of the injection to 
obtain a concentration level of duration At at cross- 
section S. 

In practice, to obtain a concentration level of duration At 
at Cross-section S, a calculation is made of the minimum 
required period of injection by adding to the value of At 
the time t2 = AB taken by the instantaneously injected 
tracer to pass through S. 

The time interval tl between the beginning sf the injection 
and the establishment of stable conditions tan be read from 
curve 2 (Ordinate of Point B) and is directly obtained by 
measuring the time interval between the instantaneous 
injection and the tracer disappearance in Cross-section S. 

c 0 .- + \FJ 
5 T3 
0 <- 
,: 2 
.E + 
5M 
E a 
‘r II 
5 =, 

Time 

Mixing 
distance 

In the case of central injection, straight measuring length 
and turbulent flow, t2 = AB may be estimated from the 
relationship 

6 DX 
f2 Ir- 

=- 
u 2 

where 

U is the mean velocity of the flow; 

X is the distance to the injection Point; 

D is the conduit diameter. 

The fraction of maximum concentration remaining after 
time t2 as given by this formula is 0,3 %. 

It is possible, when no preliminary injection is made, to 
check the appearance of the concentration level, and 
therefore the minimum injection time, by continuously 
sampling the flow and measuring its count rate, with the 
apparatus used for the measurement. This procedure 
enables the concentration Variation to be determined as a 
function of time. 

4 CHOKE OF MEASLJRING LENGTH 

4.1 Mixing distance 

This is defined in 6.1 of part l and may be calculated 
theoretically according to 6.2.1 of part i. Figure 3 of part I 
indicates the measured Variation of the actual mixing 
distance according to the required accuracy in the case of 
central injection and in the case of three other injection 
methods. Methods for reducing the mixing distance are 
described in 6.3 of part 1. 

Time I 

Concentration 

FIGURE 1 - Qeterrnination of the duration of injection 

2 
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ISO 2975/lll-1976 (E) 

4.2 Experimental checking 

It is seldom possible in conduits to check experimentally, 
in a large number of Cross-sections, the homogeneity of 
the mixture and the duration of the tracer passage resulting 
from an instantaneous injection. 

In practice, therefore, the experimentation consists of 

a) deter m ining the mini mum period of injection in the 
me lasurin Cl length Chosen bv a preliminar ‘y test (see 3.2) ; 

b) checking, where possible, at the time of the measure- 
ment, that the mixture is homogeneous by taking 
samples from at least two Points of the measuring cross- 
section. In the case of high accuracy measurements (for 
example 0,2 %), it is necessary to check the homogen- 
eity of the mixture, Prior to the measurement itself, 
when a doubt exists on the quality of this mixture; 

c) studying, whenever possible by taking samples from 
another Cross-section further downstream, whether there 
are any systematic differentes between the mean 
concentrations at the two measuring Cross-sections. In 
particular, this method permits verification that the 
injected tracer is not absorbed in the measuring length 
either by entrained products in the liquid or by the 
conduit walls.1 ) 

case of an injection of long duration, Provision shall be 
made as required to avoid a Variation in time of the solution 
concentration (for example by evaporation under the 
influence of the ambient temperature). 

To minimize possible adsorption effects with the 
radioactive tracer it is advisable to add to this solution a 
carrier constituted by a certain amount of non-radioactive 
substance identical to that containing the radioactive tracer. 

5.3 lnjection of the concentrated solution 

The concentrated Solution shall be injected into the conduit 
at a constant rate and for a sufficient duration to ensure a 
satisfactory period of constant concentration at the 
measuring Cross-section. 

5.4 
4.3 Losses and additisns 

The injection may be made by means of a positive 
displacement pump. lt shall be possible to check the 
following : 

- that the injection System is always free from leaks; 

- that the injection 
injection duration. 

rate is constant over the whole 

Measurement of injection rate 

The Bosses and additions of the same liquid as that in the 
measuring length do not affect results provided certain 
conditions are met as described in 6.5.1 of part 1. 

The measurement of injection rate shall be based on the 
measurement 0% the basis quantities sf mass, length, time,, 
directly involved in the definition of the quantity of flow. 

5 PROCEBURE 

5.% Handling of radio-isotopes 

The use of radio-isotopes (storage, transporta tion, ha 
shal I comply with any existing statutory regu lations. 

5.2 Preparation of the concentrated Solution 

it is essential for the injected Solution to be homogeneous. 
Homogeneity of the Solution tan be obtained by vigorous 
mixing, by means of a mechanical stirrer or a closed-circuit 
pump. lt is advisable to prepare the injection Solution in a 
separate Container from the supply container with water 
filtered using an appropriate procedure. However, Cf mixing 
is carried out in the supply Container, the latter shall have 
sufficient capacity sc that it is not necessary to add liquid 
or tracer during the injection. The Solution shall be taken at 
a certain level above the bottom of the container-, and every 
precaution shall be taken so that undissolved particles sf 
the tracer are not carried in the solution injected. In the 

The injection System shall be calibrated before and after 
the tests. The mean value of injection rate shall be used in 
the calculation of flow rate provided that the two 
calibrations do not differ by more than a value consistent 
with the Overall required accuracy of flow measure- 
ment (for example 1 %). 

ndling) 

When the injection is carried out by means of a positive 
displacement pump driven by a synchronous motor, which 
is the normal method, the checking of flow rate consists in 
fact in the measurement of the frequency of the electrical 

SUPPlY l 

5.5 Sampling 

5.5 e 1 Samples 

Samples shall be taken : 

- from the conduit, to verify th at the background 
con centration of tracer in the flow System is constant; 

1) See51 of part 1. 
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- from the conduit, to determine the tracer concen- 
tration in the measuring Cross-section, to check that the 
tracer concentration is homogeneous in the sampling 
cross-section and to check the concentration level 
(see 4.2); 

eit 
from 

y of th 
the injected solution, 
e tracer concentration 

to check 
(see 5.2); 

the homogen- 

- from the injection Solution, to compare the concen- 
tration of tracer in the injected Solution with the 
concentration of tracer in the samples taken from the 
conduit. 

% n practice, 
conditions : 

samples shall be taken under the. following 

- two or three samples of the liquid flowing in 
the conduit upstream from the injection section 
during injection or, when variations of the background 
concentration along the meaning length are suspected, in 
the sampling Cross-section before and after the passage 
of the solution; 

- three to five samples of the injected Solution at the 
outlet of the injection equipment immediately before 
and after the injection period; 

-- at least five samples of the diluted Solution in the 
conduit, if possible from at least two Points in the 
measuring Cross-section (at least three at the same 
Point), distributed in time during the passage of the 
solution. 

S.5.2 Smpling equipmen t 

Smpling shall be carried out during the period of constant 
concentration, the beginning of which may be determined 
by continuously measuring the count rate of the water in 
the conduit. 

5.6 Diluted solutions 

The concentration of the injected Solution cannot be 
measured directly and it is necessary to reduce it approxi- 
mately to that of the samples taken from the conduit. 

To this effect a Sample of the concentrated injection 
solution is diluted by gravimetric methods (precision 
balances) or volumetric methods (flasks, calibrated pipettes 
or micro-burettes) with water taken from the conduit 
upstream from the injection section or before the tests. 

From the product of the measured count rates and dilution 
factors, it is possible to estimate the magnitude of any 
random errors in the dilution and measurement procedures. 

6 METHODS OF ANALYSIS AND COMPUTATION 

6.1 Determination of flow rate 

T-he dilution ratio of the injected Solution in the water 
flowing in the conduit is determined by measuring the 
count rates from the diluted solutions and the samples 
under the same conditions of detector geometry and with 
the same count rate measurement equipment. 

As ratio C, /C, may for example have a value between 104 
and 106 it is necessary to dilute the injected Solution 
Sample to compare neighbouring concentration samples, 
situated in the linear operating range of the detection unit. 

ff D is the dilution factor defined by the ratio of 
the concentration C1 to the concentration of tracer in the 
diluted Solution, the dilution ratio of the injected Solution 

Nl in the water flowing in the conduit CI/C2 is given by D- 
N2 

where NI and N2 are the mean count rates from the diluted 
solutions and samples respectively. 

The flow rate tan then be determined from : 

0-h e injection 
with the flow r 

NI 
Q=qD- 

N2 . . . (3) 

flow ra te being very small in comparison 
te to be measured.) 

Due to the half-life of the isotope, the count rates N, and 
N, vary with time according to an exponential law. 
However, this decay does not affect the ratio NJN,. 

lf N, and N2 are measured 
for the decay must be made. 

at different times, corrections 

In practice the count rates NI and N2 are not obtained 
directly; a background count rate is obtained from the 
natura1 radioacitivity in the water from the conduit, from 
cosmic radiation and from electrical “noise” in the 
detection System. 

This backgound count rate (no) tan be measured directly 
from samples of water taken from the conduit preferably 
upstream of the injection section during the test or 
possibly before the tests. 

lf the measurement of count rates from the diluted sol- 
utions and the samples containing the tracer results in 
count rates nl and n2. 

We have 

N, =nl -no 

N, =n2-no 

and equation (3) now becomes : 

. . . (4) 

This method of calculation assumes that the conduit water 
taken upstream from the injection Point is used to 
constitute the injection Solution and its dilution for the 
determination NI. If water from another Source is used, the 
corresponding background noise n, shall be determined as 
indicated above, and equation (4) becomes : 

f-JzzqD”1 -ne 
n2 -“o . . . (5) 
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If the dilution factor (D) is obtained gravimetrically, a 
correction is required for the density differentes of the 
conduit water, the injected Solution and the samples. 

If the di lution of an al iquot Sample of the original sol- 
ution is carried out wi th wa ter at temperature ti, the 
general equation shall be used : 

+qDn,- (P ) i ti (P ) c b-T-l -x- 
n2 -“o (Pd& (P ) c t, - ’ 

(6) 

where 

Pi is the density of the injected Solution; 

Pc is the density of the conduit water; 

Pd is the density of the water used for the dilution 

ti is the temperature of the injected solution; 

t c is the temperature sf the conduit water; 

4n is the tem peratur 
during its measu rement 

.e of the conduit water Sample 

fd is the temperature sf the diluted Solution during its 
measurement. 

The introduction sf this correctiorr entails the determina- 
tion of densities at given temperatures. The most 
appropriate method shall be adopted for this determination 
with regard to the required accuracy of measurement under 
the test conditions and with the available equipment. 

When the count rates from all the diluted solutions are 
measured on one apparatus and if one of these solutions is 
measured on the apparatus used to measure the count rates 
from the samples, a correction factor (ß) may be necessary 
in the calculation of flow rate if there is evidente that an 
error has baren in,troduced in the dilution procedure. 

This correction factor shall be the ratio of the mean 
product of dilution factor and count rate obtained from 
measurements of all the diluted solutions to the product of 
dilution factor and count rate obtained from measurement 
of the diluted solution transferred to the apparatus used for 
the Sample measurement. 

6.2 Counting equipment 

The choice of the counting equipment for the volume sf 
Sample to be measured and the type of shielding necessary 
to allow for the background count rate shall be made with 
the view to obtaining the best Signal to noise ratio (Ni/nc) 
consistent with the required accuracy of measurement. 

For y-emitting tracers the counting equipment shall 
preferably include a scintillation detector containing a Nal 
crystal connected to a scaler to record the counts obtained 
over the measurement period. 

Measurements of NI, Nzr no shall be carried out under the 
same geometric conditions of samples relative to the 
detector, the Same sensitivity of detector and at the same 
temperature. 

Thermal equilibrium of the detector shall be attained 
before commencement of the measurements and account 
must be taken of any electronie dead time sf the 
equipment. 

The use of a Single set of counting equipment avoids 
certain systematic errors in the comparison of count rates. 
The use, when possible, of several sets of counting 
equipment to measure count rates from both the samples 
and diluted solutions enables a check to be made on the 
measurements. 

6.3 Method of counting 

The samples taken upstream from the injection Point or 
before the tests shall be counted before, during and after 
the measurement of samples containing tracer in Order to 
determine the background count rate no and to check that 
the counting equipment is r-rot contaminated. 

The constancy of sensitivity of the detector shall be 
checked by periodically measuring the count rate from a 
radioactive Source (for example Cobalt-60) throughout the 
period of measuring the count rates from the samples and 
diluted solutions. 

lt is recommended that at least three dilutions (and 
preferably more) be made sf the injected solution and that 
at least five conduit samples (and preferably more), taken 
at different times during the test, shall be measured. lt 
should also be checked that a constant concentration level 
was achieved. 

For the most accurate measurements, a ~2 test should be 
carried out before the measurements using an auxiliary 
radioactive Source sf long half-life (for example Cobalt-60) 
in Order to check the Stahle Operation sf the detection unit. 

6.4 Measurement 0% half-life 

The count rate from one sf the diluted solutions (see 5.6) 
shall be measured periodically (at least four times) during 
the period of the tests, in Order to determine the half-life 
of the radioactive tracer for use in the calculation of flow 
rate. 

6.5 Presence of silt 

lf silt is present in the conduit water, preliminary tests 
shall be carried out to establish that adsorption of tracer 
on to the silt does not occur (see 5.1 sf part 1). 

lf adsorption of tracer is feared, the measurement may be 
possible in certain cases subject to special precautions to 
achieve in particular the same accuracy. 

Experiments carried out to establish the effect of silt in 
Suspension in the conduit water on the measured count rate 
from a Sample, have shown that the count rate is unaffected 
by a small percentage of silt. Larger amounts sf suspended 
silt may be allowed if water from the conduit is used in the 
diluted solutions (see 5.6) and as dar as possible, any silt 
present in the Sample bottles shall be allowed to settle or be 
removed by decanting the water in the counting bottles; silt 
removed in this way is not included in the flow 
measurement 
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