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Introduction

The Water Research Commission (WRC) appointed Stewart
Scott (CE) Inc. to undertake research to establish a flow reference
standard for the cost effective in situ calibration of large water
meters required for water audits and other test purposes. This
flow reference standard can be used to establish the accuracy of
permanently installed water meters by means of regular on-site
comparisons to ensure that these meters remain within the limits
of accuracy prescribed by local and international standards

This research established the accuracy of a flow reference
standard consisting of the combined accuracy of insertion point
velocity measurements, a velocity-area method and a velocity -
profile function which can be effectively applied in the field
through the insertion of a velocity probe into a common pipeline
in which a permanent large water meter has been installed.

Flow tests were carried out in compliance with the require-
ments of the specifications relating to large water meters such as
the International Standard ISO4064 (1993) and possible future
parts of the South African Standard SABS 1529 (1994). Velocity
profiles were measured within various pipe sections by means of
a single traverse of an insertion flow meter at the depths deter-
mined by the relatively more accurate log-linear velocity-area
method, with missing values (i.e. near the pipe wall) established

with the aid of an iterative process that included the modified Pao
equation and actual point velocity measurements.

Flows determined by means of these velocity profile meas-
urements were compared to those established by Eskom’s Flow
Laboratory, which has been accredited by the National Labora-
tory Accreditation Service (NLA). Test sections varied in diam-
eter from 250 mm to 800 mm in order to comply with the above-
mentioned standards. A comprehensive background to this re-
search is provided in Johnson (1995). This research project is
essentially as a result of the recommendations of that paper.

Flow laboratory

The Eskom Flow Laboratory used for this research project has
been accredited to measure flow rates in closed conduits for a
flow range of 20 to 1200 l/s. The total accuracy of the installation
is 0.1% of flow rate. This gravimetric flow laboratory can
accommodate piping from 150 to 1 000  mm dia.  A constant
water flow rate is provided either from a constant-head tower (at
lower flow rates) or by direct pumping from a constant-head
reservoir (at higher flow rates).  The flow passes through the
meter under test and then through a control valve and into the
diverter chute.  The diverter changes the flow stream into the
weigh tank in 0.1 s without causing any upstream disturbances.
The weigh tank has a 200 t capacity and stands on four calibrated
load cells. When sufficient water has been diverted to the tank,
the flow stream is returned to the normal direction, where it
discharges into an open channel and returns to a make-up
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reservoir.  A schematic layout of the laboratory situated at
Rosherville, Johannesburg is given in Fig. 1.

The quantity of water collected is obtained from the tank
weight before and after the diversion period. The time period is
obtained from a digital timer which is activated by sensing units
attached to the diverter chute.

Flow standards and ranges for large water
meters

Water meters have a flow range over which they have been
designed to operate; from their minimum flow rate (q

min
) up to

their maximum or overload flow rate (q
s
).

• q
min

 is the lowest flow rate at which the meter is required to
give indications within the permissible tolerance and is
specified as a ratio of the permanent flow rate (q

p
) for various

metrological classes of water meters.

Figure 1
Schematic layout of the laboratory

TABLE 1
CLASS/VELOCITY MATRIX IN COMPLIANCE WITH ISO 4064  (1993)

Flow Velocity @ Velocity @
range permanent  overload

points* Class C Class B Class A flow flow
qmin (0.006 qp) (0.03 qp) (0.08 qp) All classes All classes

qt Class C Class B Class A

(0.015 qp) (0.20 qp) (0.3 qp)

qp  qp

qs qs

Dia. (mm)
250 0.0136 0.0340 0.068 0.1811 0.4527 0.6791 2.2635 4.5270
300 0.0141 0.0354 0.071 0.1886 0.4716 0.7074 2.3579 4.7158
400 0.0133 0.0332 0.066 0.1768 0.4421 0.6632 2.2105 4.4210
500 0.0127 0.0318 0.064 0.1698 0.4244 0.6366 2.1221 4.2442
600 0.0147 0.0368 0.0737 0.1965 0.4912 0.7368 2.4561 4.9122
800 0.0133 0.0332 0.066 0.1768 0.4421 0.6632 2.2105 4.4210

*Note: q
min

= minimum flow rate Water meter metrological classes
q

t
= transitional flow rate Class A:  Value of q

min 
=

 
0.08 q

p
Value of q

t 
=

 
0.3 q

p

q
p

= permanent flow rate Class B:  Value of q
min 

=
 
0.03 q

p
Value of q

t 
=

 
0.2 q

p

q
s

= overload flow rate Class C:  Value of q
min 

=
 
0.006 q

p
Value of q

t 
=

 
0.015 q

p
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• q
p
 is the flow rate for which the meter is designed and at which

the meter is required to give indications within the permissi-
ble tolerance under normal conditions of use.

• q
s
 is the rate that is equal to 2q

p 
and also represents the highest

flow rate at which the meter is required to operate in a
satisfactory manner for a short period of time without deterio-
ration. This short period of time is specified by some manu-
facturers as 24 h in the life of the meter.

• Between q
min

 and q
p
, a transitional flow rate (q

t
) is specified

dividing the flow range into two separate permissible toler-
ance zones.

• q
t
 is also specified as a ratio of q

p
 for various metrological

classes of water meters.

International Standards ISO 4064 (1993) specify the flow for
each nominal diameter and for each point on the flow range. The
velocities for the various diameters, flow range points and
metrological classes are given in Table 1.

Practitioners involved with the testing of large water meters
on permanent test facilities generally do not test electronic
water meters below 0.1 m/s and mechanical water meters below
0.3 m/s, although Class B and C meters are specified to measure
much lower velocities as indicated in Table 1.

The relevance of these findings to this research is that it would
be practical to undertake in situ calibration of in-line flow meters
over the flow range from q

t
 for Class B meters up to q

s
 as site

testing would not necessarily achieve the high performance
standards of a permanent test facility.

The log-linear velocity-area method

Velocity-area methods require that the velocity sensor should be
inserted at predetermined points across the flow plane for the
measurement of the local velocity. The mean of these local
velocities is the average (or mean axial velocity) of the water flow
in the pipe. Previous overseas research examined and mentioned
in the paper by Johnson (1995), shows that the greater the number
of measuring points per traverse the more accurate the flow
determination for that method. It was, however, found that the
log-linear method is more efficient in its application as it requires
fewer measuring points to achieve accuracies better than other
velocity-area methods with a greater number of measuring points.
Another important aspect of the aforementioned overseas re-
search is that it emphasised the relative accuracy of the various
velocity-area methods rather than the overall accuracy of the
measurement as in this project.

Six velocity measurement positions (defined by the log-
linear method), per traverse across the pipe diameter were
selected for this project. Analysis of Salami’s (1971) data given

in Table 2 indicates that six velocity measurements per traverse
of the diameter should achieve an accuracy of ±0.4% for the 95%
confidence level. (i.e. the accuracy of a six-measuring-point log-
linear method is ± 0.4%).

Research equipment, methodology and findings

Turbine insertion flow meters

The insertion flow meters used for this project were turbine
insertion meters that provide a frequency output proportional to
the velocity of the flowing water. The measuring head consists of
a small turbine of 32 mm dia. mounted in a cage together with a
magnetic pick-up that is used to count the turbine blade’s
revolutions. The manufacturer provided two of these meters for
this project. It is important to note that this research is aimed at
establishing a standard test method and not at establishing the
accuracy of the meter type per se, although in order to establish
the overall accuracy of the measurements, the accuracy of the
meters also needed to be established. The measuring head is
mounted on the end of a retractable probe, which is inserted
through a 45 mm dia. access tee and isolating valve into the
pipeline operating under normal conditions. The exact dimen-
sions of the meter, the access tee, valve, as well as the internal and
external pipe diameters were established in order to insert the
centre of the turbine to the positions prescribed by the log-linear
method. External measurement reference points on the meter’s
probe were used in conjunction with a steel measuring rule (that
had a resolution of 0.5 mm), to establish the prescribed depths of
penetration. In accordance with the British Standard BS1042
(Section 2.2, 1983) the diameter of the turbine dictates the
minimum pipe diameter within which the velocity profile can be
measured which, in this case is 300 mm.

A Certificate of Calibration provided by Eskom’s Flow
Laboratory for each flow test included the measured meter
frequency for each insertion depth.

The further the probe is inserted into the pipe the greater is the
area of pipe blocked, causing a greater velocity of the water
passing through the remaining unrestricted area. In order to
establish the actual point velocity each velocity measurement
was corrected by means of blockage and velocity factors that
used a ratio of areas to correct these local velocities. These
corrections were made during the analysis of the data as given in
Appendix A.

Initial flow results as well as examination of the turbine
indicated problems with ‘sticking’ of the turbine at the lower
velocities The turbine cage was stripped and hair-like fibres were
found to be fouling the turbine’s small bearings. In an attempt to
minimise the effect of this problem on the results of this research

TABLE 2
METHOD-ACCURACY COMPARISON

Method Log-linear Tangential

Traverse points per diameter 6 10 6 10
% Error -0.24 -0.15 +1.03 +0.56
SD (%) ±0.171 ±0.107 ±0.245 ±0.107
Accuracy @ 95% Conf. (%) ±0.367 ±0.242 ±0.554 ±0.242

SD:  Standard deviation
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the meter (No.30193/90) was only used for the measurements on
the 250 mm dia. pipeline and was not used again.

Meter No. 31901/96 was used for measuring flows on the 300,
400, 500, 600 and 800 mm dia. pipelines. This meter was also
stripped, oiled and its bearings cleaned by removing hair-like
fibres. As all the measuring points could be measured on the 800
mm dia. pipe these flow tests were used to establish the meter’s
calibration (K) factor. (See Appendix A1).

Methodology

As previously mentioned the aim was to measure the six positions

dictated by the log-linear velocity area method. Two additional
point velocity measurements were taken and these were at the
centre line of the pipe and at a rough approximation of the depth
of the mean axial velocity as described in previous research
(Johnson, 1995).  The reason for taking these two additional
velocity measurements was that they facilitate the process of
establishing revised constants for the modified Pao equation in
order to establish an approximation for velocity measurements of
the inaccessible measurement positions on the pipes smaller than
700 mm dia. Greater details of the velocity profile function
known as the modified Pao equation are provided in Johnson
(1995) where it is noted that the equation is independent of
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TABLE 3
SUMMARY OF RESULTS

Nominal Internal Percentage difference in measured flow to
dia. (mm) dia. (mm) laboratory flow standard

% @ qt % @ qp % @ qs Mean
difference (%)

800 793.0 -3.111 -0.174 1.044 -0.7471
600 597.8 -6.305 -0.435 1.137 -1.8677
500 492.3 -0.336 -0.517 -5.455 -2.1027
400 396.0 -3.496 -0.533 -3.329 -2.4527
300 306.06 -1.168 -1.959 0.447 -0.8933
250 257.8 -16.344* -1.333 0.494 -0.4195

Mean -2.8833 -0.8252 -0.9436 -1.4723
SD 2.322 0.6782 2.7686 2.1842
Student’s t 2.7765 2.5706 2.5706 2.1199
Accuracy (%) 6.447 1.743 7.117 4.630

* Notes:  Outlier and therefore, omitted from further analysis.

Figure 2
Test results



ISSN 0378-4738 = Water SA Vol. 25 No. 2 April 1999 127Available on website http://www.wrc.org.za

temperature changes.  Although this research was conducted on
horizontal pipes it is applicable to pipes installed on a slope
because the geometry of the velocity profile is related to the
roughness of the inside pipe wall and Reynolds number and not
the gradient of the pipe per se.  The relevant criteria are that the
probe is inserted perpendicular to the flow stream and within the
tolerances dictated by the British Standard BS1042 (Section 2.2
1983).

The access point was situated at a position between 18 and 30
diameters of straight length of pipeline downstream from any
turbulence-causing devices such as 90° bends and tapers. These
positions were indicated on the Calibration Certificates provided
by Eskom.

Where possible flow tests were conducted at q
t
, q

p
 and q

s
 but

not at q
min

 because of the extremely low velocities.
  
In accordance

with International Standards ISO4064 (1983) tests were con-
ducted within 10% of these specified flow rates.

Research findings

Analysis of the results for the tests carried out on the 800 mm dia.
pipeline and for the velocity range of 0.4654 to 2.1455 m/s was
used to establish the meter’s calibration constant of 113.2170
pulses/m. As Eskom’s Flow Laboratory has NLA accreditation
for a maximum flow of 1 200 l/s, q

s
 for an 800 mm dia. pipeline

with a flow rate of 2 222.2 l/s could not be reached. However, two
flow tests were carried out at q

p
 (see Appendix A1).

The calibration factor (K) was then applied to all flow tests for
the 300 mm, 400 mm, 500 mm, 600 mm and 800 mm dia.
pipelines. The calibration factor originally provided with the
turbine meter by the manufacturer and used for flow tests on the
250 mm dia. pipeline was adopted. However, because of the
problems encountered with the turbine ‘sticking’ at low flows,
the results from the q

min
 test were considered an outlier and

omitted from further analysis.
Analysis of the data for the flow tests on the 800 mm dia.

pipeline included the establishment of the ratios of each point
velocity to the maximum (centre line) velocity. The means of
these ratios nearest the pipe wall were then used to establish a first
approximation of these velocities for the pipes smaller than the
800 mm dia. pipe.

The position of mean axial velocity as well as the constants
for the modified Pao equation were established for every velocity
profile measured. Where necessary these derived constants were
used to establish a second approximation of the velocities near the
pipe wall (i.e. if the percentage error for the first approximation
of flow determination was positive).

The percentage difference in the flow measured by the Flow
Laboratory and that derived from the velocity profiles was
established for each flow test. (See Appendices A2 to A7). A
summary of these results is given in Table 3 and Fig. 2.

Examination of these results indicates that the mean percent-
age difference for all the tests is –1.4623%, which translates to an
accuracy of ±4.630% (i.e. SD x Student’s t). The best result at a
particular flow rate for all the pipe sizes was that for the
permanent flow rate (q

p
) with an accuracy of  ±1.743%.

When undertaking flow tests in the field with the pipeline
operating under normal conditions the flow within the pipe will
rarely be at one of the prescribed flow rates for testing. Probably
the best situation for in situ testing would require a throttling of
a valve on the pipeline to achieve the desired flow rate so that
there would be minimum interference with the supply. As it
probably would be very unlikely that q

s
 could be achieved in the

field at a predetermined time, flow tests could be practically
conducted only in the region of the in-line meter’s q

t
 and q

p
.

It is interesting to note that the South African Standard SABS
1529-1 (1994) allows for the verification of used water meters
(not exceeding 100 mm dia.) when tested in the installation in
which they are used in trade at q

min
,q

t
 and q

s
. The permissible

tolerances given by SABS 1529-1 (1994) for these tests are 8%
for flow rates less than q

t 
and 3,5% for flow rates not less than q

t
.

These specifications would need modifying to be relevant for
future Parts of SABS 1529 applicable to water meters larger than
100 mm dia. because of the previous observation that the in situ
testing cannot necessarily replicate the performance standards of
a permanent test facility.

Practical application of site calibration and site
testing

The practical application of the in situ calibration of large flow
meters will require the organisations offering this service to be
accredited for site calibration and site testing by an agency such
as the NLA if there is to be any credibility in the field tests as well
as to ensure traceability.

The United Kingdom Accreditation Service (UKAS) has
published the NAMAS M18 Accreditation for Site Calibration
and Site Testing -Assessment Procedures and Criteria of Compe-
tence (1996). This publication details the various site calibration/
testing categories together with their respective criteria and
assessment procedures. Site calibration or testing performed on
site by organisations (or individuals) that do not have a permanent
calibration or testing laboratory (Category III) may perform
calibration or testing according to the following methods:

• using portable calibration or testing equipment;
• in a site laboratory;
• in a mobile laboratory; or
• using equipment from a mobile or site laboratory.

Criteria of competence to be met by applicants for accreditation
include aspects such as keeping and maintaining a quality manual;
documented detailed procedures that are available for regular
auditing; ensuring staff are properly trained and competent;
procedures for operating, maintaining and calibrating of equip-
ment used; the holding of reference standards; having calibration/
test procedures; maintenance of a record system as well as the
requirements for test results and issuing of certificates.

The flow range over which the water meter can be calibrated/
tested in the field is limited by practical limitations such as the
maximum operating capacity of the hydraulic system at the time
of testing and the ability of the system to be throttled to the lower
flows without interrupting the supply.

Other types of insertion flow meters with smaller measuring
heads would be able to measure at the velocity measurement
positions near the pipe wall on pipes smaller than 700 mm dia. and
thereby possibly achieve an improvement in the accuracy of the
method.

Conclusion and recommendations

The in situ calibration of large in-line water meters with the aid
of a portable insertion flow meter can achieve accuracies that
comply with relevant standards. However, practical limitations
of the meter’s performance and the limitations of the hydraulic
system in which they are installed could restrict the flow range
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over which they can be tested/calibrated, to between q
t
 and q

p
. The

findings of this project are, that when testing at q
t
, q

p
 and q

s
 for

diameters 250, 300, 400, 500, 600 and 800 mm, accuracies of
better than ±5% were achieved. Tests carried out at q

p
 for all the

pipe diameters achieved accuracies of better than ±2%.
It is therefore recommended that the flow reference standard

consisting of insertion flow meter measurements, a velocity-area
method and a velocity profile function detailed in this report be
adopted as an accepted test method for the in situ calibration of
large water meters. The following specific aspects are also
recommended:

• The flow range over which the tests/calibrations are carried
out should correspond with the performance capabilities of
the portable meter adopted for in situ testing and the limita-
tions of the hydraulic system in which the tests are conducted,
which, would generally be from q

t
 up to the water meter’s q

p

as defined by ISO 4064 (1993).
• The organisation or individual carrying out such site testing/

calibration should be accredited by NLA in a manner similar
to that detailed in the UKAS NAMAS M18 manual (1996) to
provide such a service.

• Future parts of SABS 1529 (1994) applicable to water meters
larger than 100 mm dia. should incorporate the recommenda-
tions of this research.

Acknowledgements

The research results detailed in this report are the result of a
project funded by the WRC, entitled In situ calibration of large
water meters (Report No. 871/1/98)

The financing of the project by the WRC is gratefully
acknowledged.

The following organisations also assisted with equipment:
- BEP Bestobell South Africa
- KDG Mobrey Limited UK
The service provided by Eskom’s TRI Flow Laboratory is also
gratefully acknowledged.

References

BRITISH STANDARDS INSTITUTION BS1042 (1983) Measurement of
Fluid Flow in Closed Conduits. Part 2 Velocity Area Methods.
Section 2.1 Method using Pitot static tubes.
Section 2.2 Method of measurement of velocity of one point of a

conduit of circular cross section.
INTERNATIONAL ORGANISATION FOR STANDARDISATION

(1993)  Measurement of Water flow in Closed Conduits Meters for
Cold Potable Water (ISO 4064) Part 1 :  Specifications.

INTERNATIONAL ORGANISATION FOR STANDARDISATION
(1978)  Measurement of Water flow in Closed Conduits Meters for
Cold Potable Water (ISO 4064) Part 2:  Installation Requirements.

INTERNATIONAL ORGANISATION FOR STANDARDISATION
(1983)  Measurement of Water flow in Closed Conduits Meters for
Cold Potable Water (ISO 4064) Part 3:  Test Methods and Equipment.

JOHNSON EH (1995) Field evaluation of large in-line flow meters. Water
SA 21 (2)131-137.

SALAMI LA (1971) Errors in the velocity-area method of measuring
asymmetric flows in circular pipes. In: Clayton CG (ed.) Modern
Development in Flow Measurement.  Peter Perregrins Ltd.

SOUTH AFRICAN STANDARD SPECIFICATION SABS 1529-1 (1994)
Water Meters for Cold Potable Water. Part 1:  Metrological Charac-
teristics of Mechanical Water Meters of Nominal Bore not Exceeding
100 mm.

UNITED KINGDOM ACCREDITATION SERVICE (1996) NAMAS M18
Accreditation for Site Calibration and Site Testing -Assessment Proce-
dures and Criteria of Competence (edn. 2).



IS
S

N
 0378-4738 =

 W
ater S

A
 V

ol. 25 N
o. 2 A

pril 1999
1

2
9

A
vailable on w

ebsite http://w
w

w
.w

rc.org.za

ecnerefeR
m(wolf 3 )s/

ecnerefeR
)s/m(levnaem

.aidepiP fohtpeD
)mm(retem

morfecnatsiD
llawepippot

derusaeM
)zH(ycneuqerf

egakcolB
rotcaf

yticoleV
rotcaf

detsujdA
)zH(ycneuqerf

retemenibruT
rotcafK

tnioP
yticolev

fonoitisoP
.levnaem AtnatsnoC BtnatsnoC fonoitisoP

.aid:levnaem
fooitaR

naem:levtP

fooitaR
xam:levtP

24761.0 0933.0 397 8.541 64.52 51.23 7022.0 2200.1 0970.23 4292.0 7268.0 3787.0

3.722 89.601 46.83 6036.0 3600.1 3693.83 0053.0 33.19 3051.0 2511.0 6230.1 3249.0

2.262 59.141 17.93 6708.0 1800.1 3983.93 1953.0 3950.1 7669.0

6.473 23.452 30.34 4673.1 0410.1 7734.24 9683.0 3141.1 5140.1

8.615 05.693 26.14 1690.2 4120.1 6747.04 5173.0 8590.1 0000.1

0.956 86.835 34.24 8518.2 0920.1 3532.14 9573.0 0901.1 0210.1

3.608 20.686 43.93 6165.3 9630.1 9839.73 9543.0 90.89 0851.0 7321.0 3020.1 1139.0

8.788 45.767 03.23 2479.3 4140.1 3610.13 8282.0 1438.0 2167.0

3496.901 0933.0 8590.1

268922.0 4564.0 8.541 64.52 42.54 7022.0 2200.1 1041.54 4993.0 2858.0 8477.0

3.722 89.601 48.45 6036.0 3600.1 2494.45 2284.0 74.09 8761.0 1411.0 0630.1 3539.0

2.262 59.141 31.55 6708.0 1800.1 8486.45 9384.0 6930.1 6839.0

6.473 23.452 26.95 4673.1 0410.1 4997.85 3025.0 9711.1 2900.1

8.615 05.693 15.95 1690.2 4120.1 6262.85 5515.0 7701.1 0000.1

0.956 86.835 51.95 8518.2 0920.1 5484.75 6805.0 9290.1 6689.0

3.608 20.686 91.55 6165.3 9630.1 4422.35 9074.0 54.99 2971.0 4521.0 9110.1 5319.0

8.788 45.767 83.84 2479.3 4140.1 3754.64 1114.0 2388.0 4797.0

8910.311 4564.0 7701.1

776950.1 5541.2 8.541 64.52 76.512 7022.0 2200.1 9391.512 1188.1 7678.0 5087.0

3.722 89.601 79.942 6036.0 3600.1 8393.842 3171.2 57.99 7502.0 8521.0 0210.1 9009.0

2.262 59.141 84.262 6708.0 1800.1 2063.062 9572.2 8060.1 3449.0

6.473 23.452 11.772 4673.1 0410.1 9592.372 0983.2 5311.1 3199.0

8.615 05.693 16.182 1690.2 4120.1 2707.572 0014.2 3321.1 0000.1

0.956 86.835 96.672 8518.2 0920.1 0998.862 5053.2 5590.1 3579.0

3.608 20.686 36.952 6165.3 9630.1 0383.052 7881.2 90.59 8891.0 9911.0 1020.1 1809.0

8.788 45.767 94.522 2479.3 4140.1 5825.612 7298.1 2288.0 4587.0

5993.411 5541.2 3321.1

8850.1 8341.2 8.541 64.52 51.602 7022.0 2200.1 9496.502 8238.1 9458.0 4157.0

3.722 89.601 01.052 6036.0 3600.1 9225.842 4412.2 98.19 1712.0 9511.0 9230.1 8709.0

2.262 59.141 64652 6708.0 1800.1 8488.83452 9366.622 6137.501 4429.29

6.473 23.452 28.572 4673.1 0410.1 7320.272 8324.2 6031.1 7399.0

8.615 05.693 26.972 1690.2 4120.1 9857.372 2934.2 8731.1 0000.1

0.956 86.835 34.872 8518.2 0920.1 0095.072 0114.2 7421.1 4889.0

3.608 20.686 19.642 6165.3 9630.1 1611.832 6121.2 32.611 6852.0 6641.0 7989.0 8968.0

8.788 45.767 82.712 2479.3 4140.1 8446.802 1958.1 2768.0 1267.0

7132.211 8341.2 8731.1

:ROTCAFNAEM 0712.311 .FORPPOT 1611.1 2581.0 7711.0 1368.0 3818.0

:NOITAIVEDDTS 2790.1 192944281.3 .FORPPOT 3810.0 4130.0 4500.0 6900.0 7990.0

:LAVFOREBMUN 3 4 4 4

.FORPTOB 7891.0 9821.0 7668.0 5677.0

.FORPTOB 3340.0 0210.0 9220.0 8710.0

Appendix A1

In situ calibration of large water meters         Determination of constants and calibration factors
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