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EXECUTIVE SUMMARY

The establishment of a flow reference standard for the cost-effective in siru calibration of large in-
line water meters consists of the combined accuracy of point velocity measurements within pipes, a
velocity-area method and a velocity-profile function.

Tests were carried out in compliance with the requirements of international and local standards
relating to large water meters. Velocity profiles were measured within pipe sections of 250, 300,
400, 500, 600 and 800 mm diameter and compared to the flow measured by Eskom's Flow
Laboratory. This flow laboratory has a best measurement capability of 0,1% uncertainty for the
95% confidence level as accredited by the National Laboratory Accreditation Service (NLA).

The physical dimensions of the pipes dictated at which position the turbine insertion meter should be
placed within the pipe in accordance with the Log-Linear method adopted for this research. This
resulted in the need to calculate the velocities near the pipe wall within pipes smaller than 700 mm
dia using a first approximation of the ratio of point velocity nearest the pipe wall 1o the maximum
(centre line) velocity. Second approximations of these velocities were derived using the actual
position of mean axial velocity and revised constants for the modified Pao equation for each profile,
only if the first approximation indicated a positive error.

Flow tests carried out on the 800 mm dia pipeline were used as a control because all the velocity
measuring points dictated by the Log-Linear method could be reached with the turbine insertion
meter. This control exercise was used to establish the meter's Calibration Factor (K) for the other
tests on the 300, 400, 500 and 600 mm dia pipelines. Another turbine insertion meter was used for
flow tests on the 250 mm dia pipeline and the manufacturers Calibration Factor (K) was applied.

Results of this research indicates that the method for the in situ calibration of large water meters can
achieve accuracies that comply with relevant standards, however, practical limitations of the meters
performance and the limitations of the hydraulic system in which they are installed could restrict the
flow range over which they can be tested/calibrated.

The recommendation is 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 siru calibration of large water meters. The following
specific recommendations have been made:

e The flow range over which the tests/calibrations are carried out should be from the
transitional flow rate (q,) or a mean velocity of 0,5 metres per second, whichever is
greater, up to the water meter’s permanent flow rate (q,) as defined by 1SO4064.

e The Organisation or Individual carrying out such site testing/calibration should be
accredited by the National Laboratory Accreditation Services in a manner similar to
that detailed in the UKAS NAMAS M8 manual to provide such a service.

e Future Parts of SABS 1529 applicable to water meters larger than 100 mm diameter
should incorporate the recommendations of this research.
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IN SITU CALIBRATION OF LARGE WATER METERS

Introduction

The Water Research Commission appointed Stewart Scott 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 camried out in compliance with the requirements of the specifications relating to
large water meters such as 1SO4064'"' and possible future parts of SABS 1529'". Velocity profiles
were measured within various pipe sections by means of a single traverse of an insertion flow
meter at the depths determined 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 measurements were compared to those
established by Eskom’s Flow Laboratory, which has been accredited by the National Laboratory
Accreditation Service (NLA). Test sections varied in diameter from 250 mm to 800 mm in order
to comply with the above-mentioned standards.

A comprehensive background to this research is provided in the paper titled “Field evaluation of
large in-line flow meters™™ a copy of which is given in Appendix A. This Research Project is
essentially as the result of the Recommendations of this 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 #/sec. The total accuracy of the
installation is 0,1% of flow rate. Details of the Flow Laboratory and a copy of its Certificate of
Accreditation are given in Appendix B.

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 (Qes) up to their maximum or overload flow rate () .The minimum flow
rale (Qes), 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 (gy) for various
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metrological classes of water meters. The permanent flow rate (q). is the flow rate for which
the meter is designed and at which the meter is required to give indications within the
permissible tolerance under normal conditions of use. The overload flow rate (qs), is the rate
that 1s equal to 2qgy 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 deterioration. This shor
period of time is usually specified as 24 hours in the life of the meter. Between the minimum
flow rate (g==) and permanent flow rate (g;), a transitional flow rate (q.) is specified dividing the
flow range into two separate accuracy zones. The transitional flow rate (q) is also specified as a
ratio of the permanent flow rate (gy) for various metrological classes of water meters

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

The minimum velocity that most electronic water meters can measure is 0,1 m/sec while the
mimimum velocity that most mechanical meters can measure is 0.3 m/sec. However, the
practical mimimum velocity limit usually used by most practitioners specialising in flow
metering is 0.5 m/sec. The derived velocity values in Table | indicate that generally most
permanent in-line water meters can practically only measure velocities specified by International
Standards as the transitional flow rate (q) for Class B meters. It is assumed that it would be
very unlikely that most meters currently available could measure the minimum flow rate at the
accuracies required and specified for Class A meters.

The relevance of these findings to this research is that it would only be feasible to undertake in
situ calibration of permanent in-line flow meters over the flow range from the transitional flow
rate (q) for Class B meters up to the overload flow rate (q.).

The Log-Linear Velocity-Area Method

Velocity-area methods require that the velocity sensor should be inserted at predetermined
points across the 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 in Appendix A, show that the greater
the number of measuring points per traverse the more accurate is 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 research 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 'Y data given in Table 2
indicates that a 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%)
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TABLE 1 : CLASS/VELOCITY MATRIX IN COMPLIANCE WITH ISO 4064

Flow Velocity @ Velocity @
Range Class C Class B Class A permanent overload
Points* fMow Now
Qon (0,006 qp) (0,03 gp) (0,08 qy) All classes All classes
q Class C Class B Class A
(0,015 gy) (0,20 gp) (0,3 go)
LN 9
| Dia (mm)
| 250 0,0136 0,0340 0.068 0,1811 0,4527 0,6791 2,2635 4,5270
300 0,014]1 0,0354 0,071 0, 1886 0,4716 0,7074 2,3579 47158
400 0,0133 0,0332 0,066 0,1768 0,4421 0,6632 2,210 4,4210
500 0,0127 0,0318 0,064 0,1698 00,4244 0,6366 2,1221 4,2442
600 0,0147 0,0368 0,0737 0,1965 0,4912 0,7368 2,4561 49122
800 0,0133 0,0332 0,066 0,1768 0,4421 0,6632 2,2105 4,4210
Velocity
(m/s) 0,1 03
Minimum Minimum
velocity of velocity of
electronic | turbine insertion
meters meter
*Note: Qms = minimum flow rate Water meter metrological classes
q = (ransitional flow rate Class A: Value of quwa - 0,08 gy Value of ¢ -0,3 ¢
Qs = permanent flow rate Class B: Value of gme - 0,03 gp Value of ¢ -0,2 ¢
Qs = overload flow rate Class C: Value of gue - 0,006 g  Value of ¢ - 0,015 g




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
Sud Dev. (%) +0,171 | £0,107 +0,245 +0,107
Accuracy @ 95% Conf. (%) | £0,367 +0.242 | £0,554 +0,242
5. Research Equipment, Methodology and Findings
s 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 diameter mounted in a cage
together with a magnetic pick-up that is used to count the turbine blade’s revolutions
(see Appendix E). 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 dimensions 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 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 (See Appendix C).

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 D.
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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 auempt to
minimise the effect of this problem on the results of this research the meter
(N0.30193/90) was only used for the measurements on the 250 mm dia pipeline and
was not used again. A photograph of this turbine is given in Appendix E.

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 D1).

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. (See Appendix A). 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.

The access point was situated at a position between 18 and 30 diameters of straight
length of pipeline downstream of any turbulence-causing devices such as 90” bends
and tapers. These positions are indicated on the Calibration Certificates (See
Appendix C).

Where possible flow test were conducted at g, g, and g, but not at g, because of the
extremely low velocities. In accordance with International Standards'’ tests were
conducted 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/sec was used to establish the meter’s calibration
constant of 1132170 pulses per metre. As Eskom's Flow Laboratory has NLA
Accreditation for a maximum flow of 1200 é/sec the overload flow rate (q,) for an
800 mm dia meter of 2222.2//sec could not be reached. However, two flow tests were
carried out at the permanent flow rate (q,). (See Appendix D1).




The Calibration Factor (K) was then applied to all flow tests for the 300mm, 400mm.
500mm, 600mm and 800mm diameter 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... test was considered an outlier
and omitted from further analysis. (See Appendix E)

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 diameter

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 ermror 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
D2 10 D7). A summary of these results is given in Table 3.

TABLE 3: SUMMARY OF RESULTS

| Percentage difference in measured flow to
' laboratory flow standard
Nominal | Internal % @ q, % @q, % @ q, Mean
Dia Dia Difference
(mm) (mm) | (%)
[ 800 793.0 -3.111 0.174 1.044 -0.7471
| 600 5978 -6.305 0.435 1.137 -1.8677
| 500 4923 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 2578 -16.344 | -1.333 0.494 -0.4195
Mean -2.8833 -0.8252 -0.9436 14723
Std Dev 2322 06782 2.7686 2.1842
Student’s t 2.7765 | 2.5706 2.5706 2.1199
Accuracy (%) 6.447 1.743 7.117 4.630 |

Examination of these results indicates that the mean percentage difference for all the
tests is -1,4623%, which translates to an accuracy of £4,630%. The best result at a
particular flow rate for all the pipe sizes was that for the permanent flow rate (q,) 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 sitw testing would require a throttling of a
valve on the pipeline to achieve the desired flow rate such that there would be
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minimum interference with the supply. As it probably would be very unlikely that the
overload flow rate (q,) could be achieved in the field at a predetermined tme, flow
tests could be practically conducted only in the region of the in-line meter's transitional
(q,) and permanent (q,) flow rates.

It is interesting to note that SABS 1529-1:1994""" Annex C 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,,,.q, and q,. The permissible tolerance given by SABS
1529.1 ' for these tests are 8% for flow rates less than g, and 3,5% for flow rates not
less than q,. These specifications would need modifying to be relevant for future Pans
of SABS 1529 applicable to water meters larger than 100 mm dia. because of the
previous observation that the larger water meters cannot generally measure the low
velocities associated with the minimum flow rates (Qu.) and the probable inability 1o
achieve the overload flow rates (q,) in the field.

Practical Application of Site Calibration and Site Testing

The practical application of the in sitw 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 National Laboratory Accreditation Services (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 MIS8
Accreditation for Site Calibration and Site Testing -Assessment Procedures and Criteria of
Competence '“. 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 IIT) may perform calibration or testing according to the following methods:

e 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 the
keeping and maintaining of a quality manual; documented detailed procedures that are available
for regular auditing; ensuring staff are properly trained and competent; procedures for operating,
maintaining and calibration of equipment 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.
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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 over which they can be tested/calibrated, to between the transitional (g,)
and permanent (q,) flow rates. The findings of this project are, that when testing at the transitional
(). permanent (q,) and overload (q,) flow rates for diameters 250, 300, 400, 500, 600 and 800
mm, accuracies of better than £5% were achieved. Tests carried out at the permanent flow rate
(qg) 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:

e The flow range over which the tests/calibrations are carried out should be from the
transitional flow rate (q,) or a mean velocity of 0,5 metres per second, whichever is greater, up
to the water meters permanent flow rate (q,) as defined by 1S04064“.

e The Organisation or Individual carrying out such site testing/calibration should be accredited
by the National Laboratory Accreditation Services (NLA) in a manner similar 1o that detailed
in the UKAS NAMAS M18 manual™ to provide such a service.

o Future Parts of SABS 1529'" applicable to water meters larger than 100 mm diameter should
incorporate the recommendations of this research.
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Field evaluation of large in-line flow meters*

EH Johnson*
Stewart Scoft Inc., PO Box 784508, Sanctan 2146 South Afca

Abstract

The combined application of 2 portable insertion Mow meter, a velocity-area method of flow determination together with the use
of a velocity profile function provides a cost-effective method for the in siax evalustion of the accuracy of larpe in-line flow meters

within the water supply and distnbuion network.

The calibeation of karpe in-line flow meters in the field is required because of differing site conditions which affect a ow meter's
performance, the expense of testing ca off-site faciliies and the practical problems associated with the removal and resting of some

types of flow meters.

Research has indicated the relative sccuracy of velociry-area methods foe both axisymmetric and asy mimetrc flow profiles. The
log-limear method appears to be relanively more accurale and cost-effective in its application than other velocity-asea methads of

flow determinatioe.

The modified Pao equation ks a functica which is independent of the friction factor and which descrides the velocity profile
within a pipe. It is dependent, however, on the actual positions where the mean axial velocity occurs and the value of the cesure.
line velocity. These charactenstics faciisae the practical spplication of the function in extablishing a flow refereace standard.

The positicn of the mean axial velocity in a pipehoe varies and this position has 10 be determuined for each sitaation aad

application.

Practical guisdelines given in this paper ensure the cost-effective application of 3 portable insertion flow meser, the log-lincar
method and the modified Pao equation for providing a flow reference standard.

Rescarch is required 10 cstablish the accuracy of thus Dow reference standard with respect 10 the national flow stasdard.

Introduction

As flow data collected from potable water supply and distribution
systems are used for various forecasting and revenue purposes, it
is importaat 10 know the degree of accuracy of the data obtained.
Generally, the less the error in the data, the greater the accuracy of
the forecast and possibly the reduction in lost revenue

Flow meters can be evaluated on test facilities where the meter
under test 15 compared against a standard.  This standard could
either be another flow meter of better accuracy or a technique
utilising weighing methods or volumetne methods. Ideally, this
standard should be traceable 10 an appropnate national standard.

In South Afnica. the National Calibration Services (NCS) of the
CSIR facilitates a national system for the calibration of instruments
which then have an accuracy traceable 10 national measuning
standards as required by law. The NCS therefore verifies a test
facility s stmed accuracy, the values of which have been desermined
by SABS., British or International Standards. The NCS specifies
requirements such as which documentation should be kepe, the
competence of the staff undertaking the tests, the intervals with
which the test facility itself should be recalibrated (i.e. reference
meters), etc. On compliance with these requirements, the test
facility is certified by the NCS as an approved laboratory

The two better known NCS-approved flow laboratonies are
those of Eskom and the Johannesburg Municipality whaich can test
flow meters up 1o 1 000 mm and 400 mm dia. respectively.

These test facilities have reference accuracies of 0.1% which

*® (011) 780.0743; [F] (011) 883.6789

*Revised paper. originally presensed as 2 shide presemation at an SAIMC
and SAICE Seminar oo Waser Management at Richards Bay oa 9 July
1992 and 1o Eskom and DWAF representatives & Withank on 9 June 1993
Received 9 May 1994, accepred in revised form |5 February |95

is pOt a necessary requirement for all flow-meter calibrations.

On these types of test facilities the evaluation of in-line flow
meters obviously requires their removal from site which can be
expensive considering the labour, transport and testing costs.

On installation, a calibrated flow meter's performance will
differ from its performance as evaluated on a test facility. This
difference cannot be venfied unless the meter is calibrased in siru
(Furness. 1991)

There is. therefore, also a need 10 determine the flow rate 10 a
known degree of accuracy within large pipelines by means of a
portable flow meter so that those in-line meters whach cannot be
easily removed for testing can be evaluated or, previously calibrated
flow meters can be calibrated in siru to take into account particular
site conditions.

Guidelines for the reduction and coatrol of unaccounted-for
water give high priority to the in situ testing of source (production)
and distnct meters in an unaccounted-for water investigation
(Jeffcoate and Saravanapavan, 1987). These guidelines were
designed for use by managers of water authonities in developing
countries.

By using a portable insertion meter to measure the velocity at
various points in the pipe. and the velocity-area method to determine
the flow, a sumable reference standard can be established for
calibrating flow meters (= sitw (Johnson, 1987),

The basic assumption in deriving most of the velocity-area
methods for velocity profile integration is that the velocity curve
assumed approaches the real velocity profile in the line of traverse.
Thus is reasonable for axisymmetric flow profiles (Salama, 1971).

This paper provides a brief review of previous studies on the
subject of velocity-area methods for flow determination, and
suggests some practical guidelines as 1o the apphcation of insertzon
meters 10 ensure that a suitable in siru reference standard can be
established for the calibration of large in-line flow meters within a
water supply and distribution network.

ISSN 0378.-4738=Water SA Vol. 21 No. 2 Apnl 1995 131




Flow-meter accuracy

As the accuracy of a flow meter can be interpreted in various ways,
“accuracy™ has been briefly defined here to ensure conformity in its
meaning and use. Accuracy is defined as the closeness of the actual
reading to the true value and it includes the effect of both precision
and bias error

Precision is the ability of a measuring device to repeat the same
readings for the same input. Because vanations in readings are
randoemn, statistical theory can be used to calculate 2 precision value
from the vanance of the readings (Miller, 1989). Precision is
calculated from the standard deviation for the data poiats multiplied
by 2 correction factor derived from the student's t-distribution for
the 95% confidence level. Bias error is the difference between the
average and the true value, as established by a reference standard
The respective formulae are detailed in the Appendix

“Uncertzinty™ is ofien used as a synonym for “accuracy”.
However, uncenainty is the propernty of a measurement rather than
the instrument used to make the measurement (Hayward, 1979)

International Standard ISO 5168 (1978) defines the uncerainty
of measurement as the interval within which the true value of the
measured quantity can be expected to lie with a suitably high
probability. This uncertainty of measurement and the confidence
level associated with the uncertainty indicates the probability that
the interval quoted will include the true value of the quantity being
measured

The International Organisation for Legal Metrology (Organ-
isation Intemationale de Métrologie Légale, 1971) describes
accuracy as an overall qualsty of a measuring iastrument from the
point of view of errors. Accuracy is greater when the indications
are closer to the mue value. Therefore, an accuracy of 99% is an
inaccuracy of 1%. However, inaccuracy is also sometimes referred
to as “accuracy™ (Miller, 1989).

Flow meters and auxiliary instruments are usually assigned a
reference condition accuracy which is a laboratory-determined
accuracy envelope for the range of the instrument’s operation. If
however, the instrument is used outside its reference range, it can
be specified in terms of a limit of error.

Velocity-area method of flow determination

The determination of velocities at varous points across one plane
inapipe flowing full and under pressure usually finds the maximum
velocity positioned at the centre of the pipe with the velocity
reducing as measurements are taken closer to the pipe wall.

The velocity-area method requires that the flow sensor should
be inserted at predetermined points across the plane for the
measurement of the local velocity. The mean of these local
velocities is the average velocity of the water flow in the pipe.

Evaluation studies (Winternitz and Fischl, 1957; Salami, 1971)
have indicated the merits of the vanous velocity-area methods of
flow determination in pipes. The tangential method seems to be the
one which is most commonly adopted while the log-linear method
appears 1o be the most accurate,

According to Wintemnitz and Fischl (1957), the objective of
these methods is to determine the flow rate through the pipe. This
is given by:

Q-!x'['rdrv.‘..

where:
Q = flow rate
R = pipe radius
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r = local radius at which point velocuty is measured
v = point velocity

Tangential method

This method consists basically of dividing the cross-section of the
pipe into concentnc nngs of equal area, the innermost being a
circle. The position at which the velocity reading is taken is at
points which bsect each ring into two equal areas. The arithmetic
average of these velocities is assumed 1o be the mean velocity of the
flow through the Cross-section.

The radii of these comcentric rings of equal area can be
determaned by:

(Salami, 1971)

where
r « local radsus at which point velocity is measured
R = pipe radius
N = number of gauging points per pipe radius
9).23encss N

Log-linear method

The positions for measuring the velocities in each annulus are
selected at the points where the mean velocity fora particular cross.
section would occur. The proviso here is that a function must
adequately describe the velocity profile and include these poimts
The Joganithmic functions used to describe the profile in the
log-linear method can be expressed in general form as:

VeA"+B"Log (‘!,S] (Wintemnitz and Fischl, 1957)

and for flow not fully developed:

\-.A-.,-m[%].c-[%]

where
A*, B* ace constant with the dimension of velocity
C* = constant for a given velocity distribution and has the
dimension of velocity
diameter
distance from pipe wall velocity is measured

(Wintemitz
and Fischl, 1957)

D =
y =

The Appendix w0 the artcle by Winterniz and Fischl (1957)
provides the details of calculations and formulae for the
determination of the gauging positions

The gauging positions for both methods are indicated in Fig. 1.

Method-accuracy comparison

Salami (197 1) measured ten asymmetric profiles of various shapes
using four velocity-area methods of flow determination. As these
peofiles were asymmetric, the velocity measurements at the respec-
tive points aloag a number of raversing lines across the pipe are
required to ensure that the true flow is determined. Salami's results
concur with peevious research (Wintemnitz and Fischl, 1957), that
when measuring iregular velocity profiles, the log-linear method
is more accurate for flow deserminarion than the tangential method.

A companson of the various imegration methods for a single
traverse line with volumetric measurements for 36 velocity peofiles
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Figure 1

Gauging positions for velocily-area methods (Wintemitz and Fischi, 1957)

in fully developed turbulent pipe flow, indicated that the log-linear
method was relatively more accurate than the tangential method
(Winternitz and Fischl, 1957).

A general observation of these results is that for any method
adopeed, the greater the number of measuring points per traverse
the more accurate is the flow determination for that method. The
log-linear method is, however, more efficient in its application as
it requares fewer measuring points 10 achieve accuracies better than
that of the tangential method with a greater number of measuning
points. This method is therefore cost-effective as it reduces the
time required 1o deterrine the flow.

Putot tubes were used in both the research projects detailed
above and the assumption made was that the device was error-free
with emphasis on the relative accuracy of the velocity -area methods
rather than the overall accuracy of the measurement,

Velocity profile function

Itis not always possible to place the measuring point of 2n insertion
meter in the position stpulated by the particular velocity-area
method being used. This may be due 10 the fact that the measuring
position is related to the parucular pipe dia., and therefore, the
device is unable to measure near the pipe wall in cases of small dia.
pipes because of the device's physical size. Altematively the
probe’s dength may be insufficient 10 traverse the length of an
isolation valve, access tee and the full dia. of the pipe in the case of
large dia. pipes.

Defining a function that best describes the velocity profile
being measured in the field therefore becomes important when the
restrictions mentioned above prevent the actual velociuty
measurement of some of the prescribed positions.

Prandtl derived a formula for the velocity distribution across a
pipe operating within the constraints of the smooth pipe law
(Webber, 1979). This theory assumes that the turbulent flow is
scparated from the pipe wall by a thin layer which serves the
function of transmitting frictional drag. induced by turbulent flow,
10 the boundary by the mechanism of viscous shear. This implies
that the laminar boundary layer acts as a smooth lining preventing
the flow from being influenced by any excrescences on the pipe
walls and consequently no eddies are formed.

The measuring section of a pipe would generally be selected
smooth enough so that excrescences would not project through the

lamanar boundary layer and cause a disturbance and the resultant
formation of a train of eddies that is characteristic of the rough pipe
law (Johnson, 1987).

The velocities nearest the pape wall that cannot be measured by
the insertion meter can be calculated by fitting a parabolic curve 10
those velocities that can be measured and determining these
missing values by extrapolation. The velocity distribution is,
however, oaly parabolic in the laminar zone and extrapolation of
the parabolic curve outside this laminar layer can result in an
inadequate approximation of the velocity distnibution (Wintemicz
and Fischl, 1957).

The Reynolds number is a correlating parameter that combines
the effect of viscosity, density and pipeline velocity. The
dimensionless number is calculated with the following formula:

Reynolds number  (Re) = .4

v

where:
D = da of the pipe (m)
V = average velocity of the water (m/s)
=

v kinematic viscosity for water (m¥s)

As the dimensionless Reynolds number and the pipe’s relative
roughness are useful criteria for distinguishing between laminar
and turbulent flows, it can therefore be deduced that since the water
mains in the petwork operate at a Reynolds number in the
approximate region of 10" to 10* (whach is well withan the turbulent
flow zone) and have an approximate relative roughness of S x 107,
the parabola equation cannot be applied outside the laminar boundary
sublayer to any great extent (Johason, 1987)

Since the objective of measuring the velocity profile within the
pipe is to determine the mean velocity and its positions, other
factors influencing the velocity distribution, such as the friction
factor, are mot directly relevant. The function describing the
measured velocity distribution should therefore be independent of
the friction factor, but dependent on the actual positions at which
the average velocities (Y, ) occur and the value of the centre-line
velocaty (V).

The Pao equation which relates the friction factor to average
velocity has been used to describe the velocity profile in turbulent
flow (Miller, 1989) and is modified here by the author to fulfil the
above stated objective.
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The Pao equation expressed in the general form is:
v

T olr@ABlog D (iner, 1989.E¢ 519)

’ L
wherg
V = Point velocity at distance y from pipe wall
t = Radus of pipe
y = Distance from pipe wall to poent velocity (i.e. poiat
velocity depth)
¥, = Average velocity in the pipe
f = Darcy-Weishach friction factor derived from the
Colebrook White formula (Webber, 1979)
| ’ 1.¢. at the centre of the pipe the
A * e e = 1| velocity is 8t 2 maximum and
vi |V, the point velocity depth is equal
to the pipe radius
B - -A i.e at the depth of average velocity
T the point velocity equals average
log velocity
r
’
therefore
v-— -1 [ vnn vl
y v AY y
.\.'. =] e 2 - 2 log LI
r T
\v ‘/'_ ff_ log— ’
f’
simplifying
Yo -
v v
1.1.{,---,]- e —| g 2
V' V' log— %
\ "

which shall be described as the modified Pao equation for the
purposes of this paper

Ad

The velocity profile calculated for both theories has been
compared with the actual velocity profile measured within a 667
mm dia cement mortar-lined pipeline and indicated that results
from the modified Pao equation gave values closer 10 those
measured than those delermined by the smooth pipe law, The
smooth pipe law it influenced by a change in temperature while the
modified Pao equanon is independem of temperature changes
(Johason, 1987)

Position of average velocity

Measuring the mean axial velocity within a pipe by single poimt
measurement requires the positioning of the sensor at the position
where this velocity will actually occur or within the known ratio of
the insertion position to mean axial velocity depth.  The laner
method would appear, however, 10 be less accurate (Bossy et al.,
1980)

A summazy of 23 velocity profiles measured in pipelines
ranging from 210 to 800 mm dia. has been detailed in Fig. 2
(Johnson. 1987). A portable turbine insertion meter was used to
measure the point velocities at the ten positions defined by the
tangential method. The position at which the mean axial velocity
occurs is not constant for these profiles as indicated by standard
deviations of 7.5 and 6.0% for the top and botiom positions
respectively, which illustrates the degree with which these positions
vary about the mean.

The slight asymmetry of the velocity profile could be ascribed
10 the access tee having an influence on the shape of the top portion
of the profile as there is no pipe wall providing frictional drag, oaly
a “plug™ of water within the tee. The access tee could also cause
a disturbance and therefore have an cffect oa the profile. The lower
portion of the profile lies within established theories

Profiles measured by means of Pitot wbes (Gebhardt, 1979)
and electromagnetic insertion meters (Elman Instruments, 1992)
have also indicated that the location of the mean axial velocity
within a pipe is not comstant

Codes, theories and research also differ as illustrated in Fig, 3
and are detailed as follows

6.8 * s minisus of 2) measured profiles
§ L O mmanimus of 2) seasured profiles
» .4 M8 ——— ge of 23 messured profiles

100
g eI - = modified Pac equation
3
§ 31,3
w
] 1,0
o
]
! e Figure 2
— Summary of measured velocity profiles
' (Johnson, 1987)
03y, - ° . 10,2
* aef - o N ies®
W, o ”"
.S.lAA_ALA“" . 5 "
© 310 20 30 42 50 62 70 80 90 180 120 10
PERCENTAGE OF MEAN VELOCITY
vA,x100
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’ - d 2= sesscsccccccecns invert of |
Location of average velocity from % Standard Deviation = 0,06 ’(m)’ '
pipe wall (Miler, 1989) § 0,22+
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0,21~ '
$ 102 4 6 10* 2 4 6 20° 2 4« 6 10
Pipe Reynolds Nusber R g
NOTE: y =position of average velocity
5 = pipe radius
Researcher/ Position of  Reference In the field each point velocuty is determined by measuring the
Standard mean axial frequency of the turbine’s blade with the aid of the electronic
velocity instrumentation sepplied with the flow meter,
This frequency is divided by the manufacturer’s calibration
Aichelen 0238 r (Winternitz and Fischl, 1957)  constant for that particular flow meter. This constant has been
Winternitz 0224« (Winternitz and Fischl, 1957)  determined by the evaluation of the flow meter’s accuracy on atest
BSID42:1983 0242« (BS1042 : Section 2.2: 1983)  facility which has a standard traceable 1o an appropriate national
Pao 0216¢ (Miller, 1989) standard (local or overseas).
Johnson 0226 r (Johnson, 1987) The measured point velocity is therefore calculated as follows:
The British Standard (BS1042, Section 2.2, 1983) also provides a Measured poist velecity = measured frequeacy
depth range of 0229710 0.25 ¢ at which the mean axial vebocity can manufacurer's callbeation, coasiant

be measured in order 1o atain the specified flow accuracy of £ 3%
Aichelen (Bernard, 1988) found that the measured velocity at Other factors affecting the overall accuracy of the turbine insertion
0.238r was equal to the mean velocity within = 0.7% for Reynolds
nambers between 4 x 10° and 3 x 10~ ;
In practice, the varying position of the mean axial velocity ) Connestor to Rlestomiee
confirms the need 1o wtilise a velocity profile funcuon which is
based on the actual positions for a particular installation. These -
positions are therefore determined each time the velocity profile is
measured 10 allow for any change in upstream conditions

Field application Randwheel
Pinion
Turbine-lype Current melers are accurale instruments
(<0.2%) and are used for the calibeation of differential
pressure devices (Staubi, 1988). Although this type of
inseruon meter has been used by the author, other types Rach
could also be used (See Reference Standard ).
The turbine insertion meter consists of a small diameter ing Slange
turbine and a magnetic pick-up on the end of a retractable Isolating valve

s tes (riser)

The meter is inserted into the pipeline via an isolation

valve (Fig. 4). Pipeline d [ —
The passage of the water through the device causes Rotord™

the rotor to revolve at a rate proportional 1o the velocity of N

the fluid at that particular point. The magnetic psck-up at Sesbine Fiswmster
the end of the probe senses the movement of each rotor

blade as it passes the pick-up. The frequency of the output Figure 4

pulses is directly proportional to the fluid flow rate. Insertion meter instaNation
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meter include the blockage factor and the onentation of the
insertion meter. The further the probe is insented into the pipe the
greater the area of pipeline which is blocked and. therefore, the
greater the velocity of the water passiag through the remaining
unrestricted area. A blockage factor is determined for each
insertion depeh via a racio of areas which corrects the local velocity
measured

The following relevant calculations are made.

Blockage factor » calculated blockage x 100

area of pipe

Veloaaty facior = .

100 - blockage factor

Actual point velocity =  measured point velocity
velocity factor

Application of the portable turbine insertion meter in the field
requires the assistance of 2 hand-held computer for the determunation
of flow rates

A program based on the modified Pao equation and which
makes use of the log-linear method has been written for hand-held
computers (Johnson, 1987),

The program developed uses empirically based constants for a
first approximation of velocity measurement of the inacoessible
measurement positions. The positions where the actual mean axial
velocities oocur are then calculated taking into account the point
velocities which have been measured and new constants determined
This isan iterative process incorporating the modified Pao equation,
the log-lineasr method and measured point velocities that determine
the missing point velocities ensunng that the overall average
velocity coaverges to within accepeable limits,

The positions of the mean axial velocity are therefore determined
from actual velocity measurements during each traverse irrespective
of the device"s ability or inability to measure near the pape wall and/
or over the full pipe dia. The reference accuracy would, however,
genenally be restricted 1o the accuracies of the log-lincar method
and those of the complete device if the whole profile could be
measured.

Afier determination of these positions of mean axial velocity,
the portable turbine insertion meter can then be set at either of these
positions for the monitoring of various flow rates or for volumetric
detcrmination over a ime penod.

Reference standard

As itis uneconomical to calibrate a flow meter t0 a greater accuracy
than that which is required (BS7405, 1991), it 1s essential when
undenaking the evaluation of large “in-line™ flow meters, 10 decide
at the outset what accuracy is required from the calibration system.

From experience large in-line flow meters that are installed in
the potable water supply and distnibution network should have the
accuracies for their respective functions as follows:

* Revenue = 2%
* Control 23w 5%
* Plaaning/management =310 5%

The flow rate within the large (2300 mm dia.) pipes in the waser
supply and distribution network is usually restricted to an equivalent
maximem velocity of 3 104 m/s. This smaller range ensures greater
accuracy in the calibration of the reference meter itself, Extrapolation
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outside this range of calibration s not recommended (BST40S,
1991)

The general accepied accuracy of the reference standard for
production testing is four times better than that of the meter whose
accuracy is being determmined,  Miller (1989) considers tha: it
should be five times better. However, the overall accuracy as
determinad by the rool-sum-square of the reference standard plus
the in-linz meter complete, should be within the required accuracy
limits for which the flow data are required.

Some of the vanous types of inseruon probes that could be
utilised for the measurement of velocity profiles within pressure

pipes are:

Turbine (BS7405, 1991)

Electromagnetic (BS7405, 1981)

Vortex Shedding (Pemin, 1977)

Puos static tubes (BS1042, Section 2.1, 1983)
Ultrasonic (Spuzer, 1990)

Target (Sphzer, 1990)

- . . . A .

A particular insertion flow meter’s suitability as partof a reference
standard would be deterrmuned by the following

* It should be portable

» It should be uncomplicated 10 use (easy to operate)

*  The particular device's measurement of point velocities must
be within the required accuracies of the reference standard

* Access by the probe into the pipe under pressure must be
possible

* The probe’s length should be sufficient to traverse the length
of an access tee, isolation valve and full dia. of the pipe

* The probe and velocity sensor should provide minimum
restriction 0 the flow but be rigid enough not 1o vibeate at full
extension

* Sampling of velocities at each point of measurement defined
by the method should be possible

*  Anexternal micrometer or similar device should be included in
the design of the insertion meter so that the exact position of the
measuring point can be determined within the pipe.

Furness ( 1992) considers that long leagths of pipe upstream of the
meter are required before the performance is unaffected by the
actual installation.

To ensure that the flow is fully developed so that the best
possible velocity profile is available at the measuring cross-
section, the straight length of pipe before the measuring section
should, where possible, equal 2 hundred times the pipe dia. (Miller,
1989). The BS 1042 standard considers that a straight length of pipe
equal to thirty 1o fifty times the pipe dia. is sufficient depending on
the type of turbulence-causing device upstream (BS1042, 1983).
The lamer standard is related to the single predetermined point
measurement of the mean axial velocity and therefore is considered
acceptable for the measurement of the complete velocity profile
especially as subsequent flows could be measured at the derived
depth of mean axial velocity

Some of the limitations and comsiderations in the use of the
combination of a portable turbine insertion flow meter, with log-
linear method and modified Pao equation as a flow reference
standard for large in-line flow meters within the potable water
supply and distribution network are

* The minimum pipe dia. within which the velocity profile can
be measured is 300 mm (BS1042, Section 2.2, 1983),




*  Atleast the top half of the velocity profile muast be measured (if
used in conjuaction with the previously mentioned computer
program), but for greater accuracies the whole profile should
be measured

= Itisimportant 1o ensure that there is a fully developed turbulent
velocity profile that is non-swirling and axissymmetnc by
allowing a straight unobstructed length of pipe at least 30 10 50
times the pipe dia. upstream of the measunng point. dependent
on the type of disturbance upstream. Downstream from the
measurement point, the straight length should be at least equal
tofive pipedia. irrespective of the type of disturbance (BS 1042,
Secuion 2.2, 1983).

*  The flow must be steady at reference conditions and in order to
comply with this requirement, it must not vary by more than
235 for lincar Mow meters and more than 26% for differential
pressure flow meters (Miller, 1989). A factor to consider when
complying with this requirement would be 10 restrct the time
taken 10 measure the velocity profile 1o a minimem or to sample
the velocity at the derived position of mean axial velocity.

* Theinsertion flow meter and associated instrumentation should
be calibrated by the respective approved laboratories.

*  The access tee dia should be restricted 10 the minimum
practically feasible for the insertion of the meter probe.

*  The relative roughness of the inernal pipe wall should be
1.0 x 10* or better.

It should be noted that establishing an overall reference standard by
means of a complete accuracy (uncertainty ) audst including all the
sources of error is not practically feasible for every application. It
is therefore incumbent on the user 10 establish from experience of
otherwise, which factors to incorparate and which factors not to
incorporate into the accuracy audit for each evaluation. It is,
however, still important 10 identify all sources of possible error
even if some of the values determined are small enough 10 be
ignored in the final andit.

The objective of establishing this reference standard is to
provide a cost-effective practical method for the field evaluation of
large in-line flow meters and not necessarily to attempt to duplicate
the high accuracies obtained by permanent test factlities.

Conclusion

The positions at which the mean axial velocity occurs in a pipeline
are not fixed. The lack of conformity about these positions in the
various codes and theories confirms this finding. These positions
need 1o be determaned for cach sitsation and application especially
if the measuring device is to measure the mean axial velocity by a
single point velocity measurement for vanous rates.

A cost-effective method for the field accuracy evaluation of
large in-hine flow meters is required to ensure the subsequent flow
data obtained are within the required accuracy for the purpose for
which it is required. The application of a portable insertion flow
meter, the bog-linear method and modified Pao equation can be
used for this purpose, which could be considered supenior to the
method whereby only a single velocity measurement is taken at a
predetermined position.

Previous research has generally placed emphasis on the
relative accuracy of the velocity-area methods rather than the
overall accuracy of the measurement as related 10 a national flow
standard

A7
Recommendations

It is recommended that rescarch 15 undertaken 1o determine the
combined accuracy of insertion meter measurements and velocity-
area methods s compared to the national flow standard. Knowledge
as 10 this combined accuracy can then be used as a reference
standard for the i siu calibraton of flow meters. It is further
recommended that in establishang thus reference standard cognizance
1% taken of relevant local and overseas standards.
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Appendix
Accuracy formulae

Precision at the 95% coafidence level is

o =t (Miller, 1989, Eq 4.3)
’
where
g, = precision (1SO 5168 (1978) defines this as uncenainty)

t = students t-value & 95% confidence level
0 = standard deviation

Bias erroe (B) is the difference between the average and the true
value, as established by a reference standard

Bl 1 ! 100 (Miller, 1989, Eq 4.5
where
B = Bias emmor (directional)
I = average
I = reference standard value

However, bias-emror calculations have a degree of confidence
associated with the average value. When the 95% confidence level
is taken into account for the determination of precision a bias erroe
range centred on the average can be established

+B=o/ Ju (Miller, 1989, Eq 4.8)

AS

where
G, = precision
n = numberof values

With the bias error known and with each reading comected the
accuracy calculation 1s

i) . ' "

Accuracy = 2 'l . l [ (Mller, 1989, Eq.4.10
Flow meters with good precision and for a reasonable number of
data values, the accuracy can be approximated from

Accuracy = =0, (Miller, 1989, Eq. 4.11)
Most instruments have a reference accuracy enavelope thar
InCorporates precision, directional bias and bias-error range over a
specified range of the measured variable. The himits of the
envelope are expressed as a percentage of the upper range value
(URV) or a5 a percentage of the reading. Accuracy envelopes are
specified for reference conditions and apply within the stated
lammuts

Operating condition accuracy is used 1o relate other independen
influence quantities by the root-sum-square method

Accuracy = = (Acc), = (B] « B} +BL...)

(Miller, 1989, Eq. 4.12)

where
ref = reference condition accuracy
1.2,3 = influence quantities
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APPENDIX B

Eskom’s Flow Laboratory and Certificate of Accreditation




GRAVIMETRIC SYSTEM

This installation can accommodate piping from 150 - 1 000 mm diameter and flow rates of
20 -2 000 ¢/s. A constant water flow rate is provided either from a constant head tower (at
ower flow rates) or by direct pumping from a constant head reservoir (at higher flow rates)
the meter under test and then through a control valve and into the
diverter chute. The diverter changes the flowstream into the weightank n 0,1 seconds without
causing any upstream disturbance. The weightank has a 200T capacity and stands on four
calbrated loaacells. When sufficent water has been diverted to the tank, the flowstream is
relurned to the normal direction, where it discharges into an open channel and retums to a

maxe-up reservoir

The flow passes through

The quantity of water collected is obtained from the tank weight before and after the diversion

o
Denoad he ime penod 1S oblaned from a digital imer which s aclivated Dy sensing un 53

attached 10 the diver

The total accuracy of this instaliation is 0,1% of flow rate
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National Laboratory Accreditation Service

CERTIFICATE OF ACCREDITATION

This is to certify that

ESKOM TRI
No. 901

is @ National Calibration Service Accredited Laboratory for two years
commencing AUGUST 1997 provided that all NLA conditions

and requirements are complied with

The types of measurement for which this certificate is valid

are as follows

WATER FLOW RATE
WATER QUANTITY

While this certificate remains valid,
the Accredited Laboratory named above
is authorised to issue NLA certificates

Signed
Chief Executive Officer. NLA




T NLA Accredited Laboratory Measuring Capabilities

NLA FLOW METROLOGY

ACCREDITATION NO: 901 PAGE 10F 1
DATE OF ORIGINAL ACCREDITATION: 1989 DATE OF ISSUE AUGUST 1997
LABORATORY: Eskom TRI EXPIRY DATE: AUGUST 1999

Private Bag X40175

Cleveland APPROVED SIGNATORIES-

2022

HEAD. Mr F M Liebenberg

TEL (011) 629-5245 DEPUTY: -
TELEFAX (011) 628-5542

Mr M G Mathieson
Mr D B Walker
Mr D W F Senekal

Functions and ranges for which NLA Accreditation has been granted

| BEST
| ITEM | MEASURED QUANTITY OR TYPE RANGE OF MEASURED MEASUREMENT
| OF GAUGE OR INSTRUMENT QUANTITY CAPABILITY

' ‘ EXPRESSED AS AN
| _ UNCERTAINTY
RN (G e : ' ()
[ 1 Water flow rate in closed conduits 20kgs"' to1200kgs’ | 0.1% |
' 201s" t012001s" 1 ,

i e | |
| 2 Water quantity 20 ki to 180 k! | 0,1 %

20 000 kg to 180 000 kg

l (at the above flow rates) l

The BMCs were estimated for a 95% confidence level

it

Chief Executive Officer: NLA
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NLA ESKOM

TECHNOLOGY RESEARCH AND INVESTIGATIONS
LIQUID FLOW METROLOGY LABORATORY

NATIONAL LABORATORY ACCREDITATION SERVICE
LABORATORY No 901

CERTIFICATE OF CALIBRATION

Date of issue 21 November 1897

Certificate number 97TL133

)
Head of Laboratory K‘Z/’("(?’ .

Page 1 of 4 pages.

The accuracy of all measurements is traceable to the national measuring standards.

The values in this certificate are correct at the time of calibration. Subsequently the accuracy will depend on
such factors as the care executed in handling and use of the device, and the frequency of use. Recalibration
should be performed after the period so chosen to ensure that the instrument’s accuracy remains within the
desired limits.

This centificate is issued in accordance with the conditions of the accreditation granted by the National
Laboratory Accreditation Service (NLA). It is a correct record of the measurements made. This certificate
may not be reproduced other than in full except with prior written approval of the issuing laboratory.

The NLA has agreements with the European cooperation for Accreditation of Laboratories (ELA) and with
the Chinese National Laboratory Accreditation (CNLA) for the mutual recognition of calibration certificates,




TECHNOLOGY RESEARCH & INVESTIGATIONS C2
Private Bag 40175

§!!_Z_ 2022 Cleveland Tel (011) 629 5111

NLA ESKOM
CERTIFICATE OF CALIBRATION

CERTIFICATE NO : 97TL133 PAGE 2of 4

ITEM DESCRIPTION

Calibration of a 800 mm FLOW TRAVERSE WITH A TURBINE PROBE
Calibration date : 21 November 1997

Calibrated for : Stewart Scott SA (Pty) Ltd

Calibration range : 1111.11 Vs (4000 m3/h)

Meter Make : BESTOBELL MOBREY Serial No : 31901/96
Meter Type/Model R1B Output PULSES
Converter Make : BESTOBELL MOBREY Serial No : 836542
Converter Type : REMOTE

REFERENCE EQUIPMENT AND TRACEABILITY

Reference flow : 200 T Gravimetric system
Temperature : Pt 100 SENSORS T256, T253 & T249
Analog outputs : FLUKE LOGGER S/NO 4260001, FLUKE DMM S/NO 5465069
Impulse Counter : HP 5327A TIMER/COUNTER S/NO 1248A00376
Frequency & Time : HP 5328A TIMER/COUNTER S/NO 1804A05857

PIPEWORK AND ENVIRONMENT
Upstream straight pipe L/D : 178D Nominal ID: 793.0 mm
Downstream straight pipe L/D : 86D Nominal ID: 793.0 mm
The control room temperature was 21.2°C +/-3°C
The test area temperature was 229°C +/-5°C

LABORATORY PROCEDURE

The calibration was performed according to procedure No 901-1001-01

UNCERTAINTY OF MEASUREMENT
The uncertainty of measurement is +/- 0.2 % of indication
( estimated for a 95% confidence level ).

o

CALIBRATED BY : G G CHOABI FM LIEBENBEﬁG

HEAD OF LABORATORY
(011) 629 5245




TECHNOLOGY RESEARCH & INVESTIGATIONS C3
Private Bag 40175
& 2022 Cleveland Tel: (011) 629 5111
NLA ESKOM
CERTIFICATE OF CALIBRATION
CERTIFICATE NO 97TL133 PAGE 3 of 4
ITEM DESCRIPTION
Calibration of a 800 mm FLOW TRAVERSE WITH A TURBINE PROBE
Meter Make : BESTOBELL MOBREY SerialNo:  31801/86
Meter Type/Model : R1B Output : PULSES
Converter Make : BESTOBELL MOBREY Serial No : 836542
Converter Type : REMOTE
RESULTS TABLE 1
RUN WATER WATER |REFERENCE| METER METER ACCESS
NO. TEMP AVE. | DENSITY | FLOWAVE. DEPTH |FREQUENCY|TEE HEIGHT
*C kg/m3 Vs mm Hz mm
1 221 997.75 167.420 1458 32.15 97.3
2273 38.64
2622 39.71
3746 4303
5168 4162
659.0 42 43
806.3 39.34
887.8 32.30
2 22.1 997.75 229.862 1458 4524 97.3
227.3 54 84
2622 55.13
3746 59.62
5168 59.51
659.0 59.15
806.3 55.19
887.8 48.38

-

EAD OF mozroav




TECHNOLOGY RESEARCH & INVESTIGATIONS C4
Private Bag 40175

& 2022 Cleveland Tel: (011) 629 5111

NLA ESKOM

CERTIFICATE OF CALIBRATION

CERTIFICATE NO : 97TL133 PAGE 4 of 4
ITEM DESCRIPTION
Calibration of a 800 mm FLOW TRAVERSE WITH A TURBINE PROBE
Meter Make : BESTOBELL MOBREY Serial No : 31901/96
Meter Type/Model : R1B Output : PULSES
Converter Make BESTOBELL MOBREY Serial No : 836542
Converter Type : REMOTE
RESULTS TABLE 1 Cont.
RUN WATER WATER |REFERENCE| METER METER ACCESS
NO. TEMP AVE DENSITY | FLOW AVE DEPTH FREQUENCY| TEE HEIGHT
*"C kg/m3 Vs mm Hz mm
3 222 997.74 1059.677 1458 215.67 973
227.3 249.97
2622 262.48
3746 277.11
516.8 281.61
659.0 276.69
806.3 259.63
887.8 225.49
4 223 997.71 1058.800 1458 206.15 97.3
227.3 250.10
262.2 256.46
3746 275.82
516.8 279.62
659.0 278.43
806.3 246 .91
887.8 217.28

HEAD OF LAB TORY
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NTT ESKOM

TECHNOLOGY RESEARCH AND INVESTIGATIONS
LIQUID FLOW METROLOGY LABORATORY

NATIONAL LABORATORY ACCREDITATION SERVICE
LABORATORY No 901

CERTIFICATE OF CALIBRATION

Date of issue 27 November 1997

Certificate number 97TL123A

Head of Laboratory @1/7

Page 1 of 3 pages
The accuracy of all measurements is traceable to the national measuring standards

The values in this certificate are correct at the time of calibration. Subsequently the accuracy will depend on
such factors as the care executed in handling and use of the device, and the frequency of use. Recalibration
should be performed after the period so chosen to ensure that the instrument’s accuracy remains within the
desired limits

This certificate is issued in accordance with the conditions of the accreditation granted by the National
Laboratory Accreditation Service (NLA). It is a correct record of the measurements made. This certificate
may not be reproduced other than in full except with prior written approval of the issuing laboratory.

The NLA has agreements with the European cooperation for Accreditation of Laboratories (ELA) and with
the Chinese National Laboratory Accreditation (CNLA) for the mutual recognition of calibration certificates




TECHNOLOGY RESEARCH & INVESTIGATIONS C6
Private Bag 40175

2!!2 2022 Cleveland Tel: (011) 628 5111

NLA ESKOM

CERTIFICATE OF CALIBRATION

CERTIFICATENO : 97TL123A PAGE 20of 3
ITEM DESCRIPTION

Calibration of a 600 mm FLOW TRAVERSE WITH A TURBINE PROBE

Calibration date : 27 November 1997

Calibrated for : Stewart Scott SA (Pty) Ltd

Calibration range : 1200.00 Vs (4320 m3/h)

Meter Make BESTOBELL MOBREY Serial No : 31901/96

Meter Type/Model : R1B Output PULSES

Converter Make : BESTOBELL MOBREY Serial No : 836 542

Converter Type : REMOTE

REFERENCE EQUIPMENT AND TRACEABILITY

Reference flow : 200 T Gravimetric system
Temperature : Pt 100 SENSORS T256, 253 & 249
Analog outputs : FLUKE LOGGER S/NO 4260001, FLUKE DMM S/NO 5485069
Impulse Counter : HP 5327A TIMER/COUNTER S/NO 1248A00376
Frequency & Time : HP 5328A TIMER/COUNTER S/NO 1804A05857

PIPEWORK AND ENVIRONMENT
Upstream straight pipe L/D : 228D Nominal ID: 597.8 mm
Downstream straight pipe L/D : 76D Nominal I1D: 597.8 mm
The control room temperature was 209°C +/-3°C
The test area temperature was 152°C +/-5°C

LABORATORY PROCEDURE

The calibration was performed according to procedure No 901-1001-01

RE-CALIBRATION
Recommende re-calibration interval : 12 Months from date of calibration.

UNCERTAINTY OF MEASUREMENT

The uncertainty of measurement is +/- 0.2 % of indication
( estimated for a 95% confidence level ).

) / -
CALIBRATED BY : G G CHOABI FM UEBENBERG

HEAD OF LABORATORY
(011) 629 5245




TECHNOLOGY RESEARCH & INVESTIGATIONS

Private Bag 40175 ol
& 2022 Cleveland Tel: (011) 629 5111
NLA ESKOM
CERTIFICATE OF CALIBRATION
CERTIFICATE NO 97TL123A PAGE 30of 3
ITEM DESCRIPTION
Calibration of a 600 mm FLOW TRAVERSE WITH A TURBINE PROBE
Meter Make : BESTOBELL MOBREY Serial No : 31901/96
Meter Type/Model : R1B Output : PULSES
Converter Make : BESTOBELL MOBREY Serial No : 836 542
Converter Type : REMOTE
RESULTS TABLE 1
RUN WATER WATER |REFERENCE| METER METER ACCESS
NO. TEMP AVE. | DENSITY FLOW DEPTH |FREQUENCY|TEE HEIGHT
‘C kg/m3 s mm Hz mm
1 214 997.90 150.417 1234 47.00 812
1848 58.84
211.2 61.95
2959 67.98
403.1 68.39
5103 67.17
621.4 55.60
625.0 56.02
2 214 997.90 669.703 1234 226.96 81.2
184.8 294.09
211.2 288.79
2959 316.76
403.1 309.92
5103 299.89
621.4 275.88
625.0 275.76
3 215 997.88 1078.514 1234 369.35 812
184.8 459.01
211.2 474 84
2059 495.48
403.1 507.52
510.3 517.63
621.4 470.72
625.0 459 .48

—

@uz, -
HEAD OF LABORATORY
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NLA ESKOM

TECHNOLOGY RESEARCH AND INVESTIGATIONS
LIQUID FLOW METROLOGY LABORATORY

NATIONAL LABORATORY ACCREDITATION SERVICE
LABORATORY No 901

CERTIFICATE OF CALIBRATION

Date of issue 18 November 1997

Certificate number 97TL129

/)
Head of Laboratory é /Q P 117

Page 1 of 3 pages.
The accuracy of all measurements is traceable to the national measuning standards.

The values in this certificate are correct at the time of calibration. Subsequently the accuracy will depend on
such factors as the care executed in handling and use of the device, and the frequency of use. Recalibration
should be performed after the period so chosen to ensure that the instrument's accuracy remains within the
desired imits

This certificate is issued in accordance with the conditions of the accreditation granted by the National
Laboratory Accreditation Service (NLA). It is a correct record of the measurements made. This certificate
may not be reproduced other than in full except with prior written approval of the issuing laboratory.

The NLA has agreements with the European cooperation for Accreditation of Laboratories (ELA) and with
the Chinese National Laboratory Accreditation (CNLA) for the mutual recognition of calibration certificates.




TECHNOLOGY RESEARCH & INVESTIGATIONS co
Private Bag 40175 .

& 2022 Cleveland Tel: (011) 629 5111

NLA ESKOM

CERTIFICATE OF CALIBRATION

CERTIFICATE NO : 97TL129 PAGE 20of 3
ITEM DESCRIPTION
Calibration of a 500 mm FLOW TRAVERSE WITH A TURBINE PROBE
Calibration date : 18 November 1997
Calibrated for : Stewart Scott SA (Pty) Ltd
Calibration range : 833.33 Vs (3000 m3/h)
Meter Make | BESTOBELL MOBREY Serial No : 31801/96
Meter Type/Model : R1B Output PULSES
Converter Make : BESTOBELL MOBREY Serial No : 836542
Converter Type : REMOTE
REFERENCE EQUIPMENT AND TRACEABILITY
Reference flow : 200 T Gravimetric system
Temperature : Pt 100 SENSORS T256, T253 & T248
Analog outputs : FLUKE LOGGER S/NO 4260001, FLUKE DMM S/NO 5465069
Impuise Counter : HP 5327A TIMER/COUNTER S/NO 1248A00376
Frequency & Time : HP 5328A TIMER/COUNTER S/NO 1804A05857
PIPEWORK AND ENVIRONMENT
Upstream straight pipe L/D : 274D Nominal ID; 493.5 mm
Downstream straight pipe L/D : 81D Nominal ID: 493.5 mm
The control room temperature was 221°C +/-3°C
The test area temperature was 208°C +-5°C
LABORATORY PROCEDURE

The calibration was performed according to procedure No 901-1001-01

UNCERTAINTY OF MEASUREMENT
The uncertainty of measurement is +/- 0.2 % of indication
( estimated for a 95% confidence level ).

CALIBRATED BY : G G CHOABI AEBENB?G

HEAD OF LABORATORY
(011) 629 5245



TECHNOLOGY RESEARCH & INVESTIGATIONS C. 10
Private Bag 40175

i’ 2022 Cleveland Tel: (011) 629 5111

NLA ESKOM
CERTIFICATE OF CALIBRATION

CERTIFICATE NO : 97TL129 PAGE 30of 3
ITEM DESCRIPTION
Calibration of a 500 mm FLOW TRAVERSE WITH A TURBINE PROBE
Meter Make : BESTOBELL MOBREY Serial No 31901/96
Meter Type/Model : R1B Output : PULSES
Converter Make : BESTOBELL MOBREY Serial No : 836542
Converter Type : REMOTE
RESULTS TABLE 1
RUN WATER WATER |REFERENCE| METER METER ACCESS
NO TEMP AVE. | DENSITY | FLOW AVE DEPTH |FREQUENCY|TEE HEIGHT
*C kg/m3 Vs mm Hz mm
1 22.3 997.70 99.302 170.1 57.32 80.7
1918 60.54
2616 68.98
349.9 69.53
438.1 68.98
529.6 59.83
2 22.3 997.70 411.006 170.1 250.49 80.7
1918 261.57
2616 293.06
3499 273.73
438.1 278.13
5296 253.12
3 226 997.63 815.783 170.1 428.02 80.7
1918 446 47
2616 474 .66
3499 564.54
438.1 547.72
529.6 503.08

HEAD OF LABORATORY



k=il
b,
a
NLA ESKOM

TECHNOLOGY RESEARCH AND INVESTIGATIONS
LIQUID FLOW METROLOGY LABORATORY

NATIONAL LABORATORY ACCREDITATION SERVICE
LABORATORY No 901

CERTIFICATE OF CALIBRATION

Date of issue 19 November 1997
Certificate number 97TC130

J

Head of Laboratory ,Z/A,dy .

Page 1 of 3 pages.
The accuracy of all measurements is traceable to the national measuring standards

The values in this certificate are correct at the time of calibration. Subsequently the accuracy will depend on
such factors as the care executed in handling and use of the device, and the frequency of use. Recalibration
should be performed after the period so chosen to ensure that the instrument’s accuracy remains within the
desired limits.

This certificate is issued in accordance with the conditions of the accreditation granted by the National
Laboratory Accreditation Service (NLA). It is a comrect record of the measurements made. This certificate
may not be reproduced other than in full except with prior written approval of the issuing laboratory.

The NLA has agreements with the European cooperation for Accreditation of Laboratories (ELA) and with
the Chinese National Laboratory Accreditation (CNLA) for the mutual recognition of calibration certificates




TECHANULOGY RESEARCH & INVESTIODATIUONS C12
Private Bag 40175 -

& 2022 Cleveland Tel: (011) 629 5111

NLA ESKOM
CERTIFICATE OF CALIBRATION

CERTIFICATENO : 97TC130 PAGE 20f 3
ITEM DESCRIPTION

Calibration of a 400 mm FLOW TRAVERSE WITH A TURBINE PROBE
Calibration date : 19 November 1997
Calibrated for : Stewart Scott SA (Pty) Ltd
Calibration range : 500.000 Vs (1800 m3/h)
Meter Make : BESTOBELL MOBREY Senal No : 31901/96
Meter Type/Model : R1B Output PULSES
Converter Make : BESTOBELL MOBREY Serial No : 836542
Converter Type : REMOTE

REFERENCE EQUIPMENT
Reference flow : Comparison system (Frequency)
Temperature : Pt 100 SENSORS T256, T253 & T249
Analog outputs : FLUKE LOGGER S/NO 4260001, FLUKE DMM S/NO 5465069
Impulse Counter : HP 5327A TIMER/COUNTER S/NO 1248A00376
Frequency & Time : HP 5328A TIMER/COUNTER S/NO 1804A05857

PIPEWORK AND ENVIRONMENT

Upstream straight pipe L/D : 17.7D Nominal ID: 396.0 mm
Downstream straight pipe L/D : 151D Nominal 1D: 386.0 mm
The control room temperature was 21.3°C +/-3°C
The test area temperature was 18.8 °C +/-5°C

LABORATORY PROCEDURE

The calibration was performed according to procedure No 901-1001-01

RE-CALIBRATION
Recommende re-calibration interval : 12 Months from date of calibration.

UNCERTAINTY OF MEASUREMENT
The uncertainty of measurement is +/- 0.6 % of indication
( estimated for a 95% confidence level ).

e,

CALIBRATEDBY: G G CHOABI F M LIEBENBER(
HEAD OF LABORATORY
(011) 629 5245




TECHNOLOGY RESEARCH & INVESTIGATIONS

Private Bag 40175 c.13
& 2022 Cleveland Tel: (011) 629 5111
NLA ESKOM
CERTIFICATE OF CALIBRATION
CERTIFICATE NO 977TC130 PAGE 3 0of 3
ITEM DESCRIPTION
Calibration of a 400 mm FLOW TRAVERSE WITH A TURBINE PROBE
Meter Make BESTOBELL MOBREY Serial No : 31801/96
Meter Type/Model : R1B Output PULSES
Converter Make : BESTOBELL MOBREY Serial No : 836542
Converter Type : REMOTE
RESULTS TABLE 1
RUN WATER WATER REFERENCE METER METER ACCESS
NO. TEMP AVE. DENSITY | FLOW AVE DEPTH |FREQUENCY|TEE HEIGHT
‘'C kg/m3 I's mm Hz mm
1 223 897.71 55.338 154 3 48 66 779
1718 52.15
2279 58.19
298.9 60.67
369.9 55.15
4435 4921
2 22.3 997.70 277.309 1543 2698.13 77.9
1718 283.54
227.9 302.87
298.9 300.05
369.9 279.98
4435 256.74
3 223 997.70 498 442 154.3 478.72 77.9
1718 491,58
2279 510.42
298.9 51457
369.96 498.67
4435 460.81

HEAD OF LAB

RATORY
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NLA ESKOM

TECHNOLOGY RESEARCH AND INVESTIGATIONS
LIQUID FLOW METROLOGY LABORATORY

NATIONAL LABORATORY ACCREDITATION SERVICE
LABORATORY No 901

CERTIFICATE OF CALIBRATION

Date of issue 17 November 1997

Certificate number 97TC128

Head of Laboratory ﬁ /L.,

Page 1 of 3 pages
The accuracy of all measurements is traceable to the national measuring standards

The values in this certificate are correct at the time of calibration. Subsequently the accuracy will depend on
such factors as the care executed in handling and use of the device, and the frequency of use. Recalibration
should be performed after the period so chosen to ensure that the instrument's accuracy remains within the
desired limits

This certificate is issued in accordance with the conditions of the accreditation granted by the National
Laboratory Accreditation Service (NLA). Itis a correct record of the measurements made. This certificate
may not be reproduced other than in full except with prior written approval of the issuing laboratory

The NLA has agreements with the European cooperation for Accreditation of Laboratories (ELA) and with
the Chinese National Laboratory Accreditation (CNLA) for the mutual recognition of calibration certificates.



TECHNOLOGY RESEARCH & INVESTIGATIONS
Private Bag 40175

& 2022 Cleveland Tel: (011) 629 5111

NLA
CERTIFICATE OF CALIBRATION
CERTIFICATE NO : 97TC128 PAGE 20of 3
ITEM DESCRIPTION
Calibration of a 300 mm FLOW TRAVERSE WITH A TURBINE PROBE
Calibration date : 17 November 1997
Calibrated for : Stewart Scott SA (Pty) Ltd
Calibration range : 333.333 Vs (1200 m3/h)
Meter Make : BESTOBELL MOBREY Serial No : 31901/96
Meter Type/Model : R1B Output PULSES
Converter Make : BESTOBELL MOBREY Serial No : 836542
Converter Type : REMOTE
REFERENCE EQUIPMENT
Reference flow : Comparison system (Frequency)
Temperature : Pt 100 SENSORS T256, T253 & T249
Analog outputs : FLUKE LOGGER S/NO 4260001, FLUKE DMM S/NO 5465069
Impulse Counter : HP 5327A TIMER/COUNTER S/NO 1248A00376
Frequency & Time : HP 5328A TIMER/COUNTER S/NO 1804A05857
PIPEWORK AND ENVIRONMENT
Upstream straight pipe L/D : 234D Nominal 1D: 306.1 mm
Downstream straight pipe L/D : 114D Nominal 1D: 306.1 mm
The control room temperature was 21.1°C +/-3°C
The test area temperature was 16.9°C +/-5°C
LABORATORY PROCEDURE

The calibration was performed according to procedure No 901-1001-01

UNCERTAINTY OF MEASUREMENT
The uncertainty of measurement is +/- 0.6 % of indication
( estimated for a 95% confidence level ).

CALIBRATED BY : G G CHOABI F M LIEBENBERG
HEAD OF LABORATORY
(011) 629 5245




TECHNOLOGY RESEARCH & INVESTIGATIONS
Private Bag 40175

‘i 2022 Cleveland Tel: (011) 629 5111

NLA ESKOM
CERTIFICATE OF CALIBRATION

C.16

CERTIFICATENO : 97TC128 PAGE 3 of 3
ITEM DESCRIPTION
Calibration of a 300 mm FLOW TRAVERSE WITH A TURBINE PROBE
Meter Make : BESTOBELL MOBREY Serial No : 31901/96
Meter Type/Model : R1B OQutput : PULSES
Converter Make . BESTOBELL MOBREY Serial No : 836542
Converter Type : REMOTE
RESULTS TABLE 1
RUN WATER WATER |REFERENCE| METER METER ACCESS
NO. TEMP AVE DENSITY | FLOWAVE. DEPTH |FREQUENCY|TEE HEIGHT
‘C kg/m3 l's mm Hz mm
1 225 997.66 332.284 1449 510.48 80.6
158.4 533.66
201.8 610.51
256.6 631.65
3115 603.64
368 .4 540.38
2 225 997.66 165.488 1449 264.07 80.6
158.4 283.10
2018 310.08
256.6 318.66
3115 312.87
368.4 268.96
3 226 997.63 30.094 1449 45.50 80.6
158.4 47.18
201.8 52 .46
256.6 53.83
3115 54 .86
368 .4 53.19

HEAD OF LABORATORY
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NLA

ESKOM

TECHNOLOGY RESEARCH AND INVESTIGATIONS
LIQUID FLOW METROLOGY LABORATORY

NATIONAL LABORATORY ACCREDITATION SERVICE
LABORATORY No 901

CERTIFICATE OF CALIBRATION

Date of issue 11 November 1997

Certificate number 97TC126

Head of Laboratory

Page 1 of 3 pages.
The accuracy of all measurements is traceable to the national measuring standards

The values in this certificate are correct at the time of calibration. Subsequently the accuracy will depend on
such factors as the care executed in handling and use of the device, and the frequency of use. Recalibration
should be performed after the period so chosen to ensure that the instrument’'s accuracy remains within the
desired limits,

This certificate is issued in accordance with the conditions of the accreditation granted by the National
Laboratory Accreditation Service (NLA). It is a correct record of the measurements made. This certificate
may not be reproduced other than in full except with prior written approval of the issuing laboratory.

The NLA has agreements with the European cooperation for Accreditation of Laboratories (ELA) and with
the Chinese National Laboratory Accreditation (CNLA) for the mutual recognition of calibration certificates




TECHNOLOGY RESEARCH & INVESTIGATIONS C 18
Private Bag 40175

& 2022 Cleveland Tel: (011) 629 5111

NLA ESKOM
CERTIFICATE OF CALIBRATION

CERTIFICATE NO : 97TC126 PAGE 20of 3
ITEM DESCRIPTION

Calibration of a 250 mm FLOW TRAVERSE WITH A TURBINE PROBE

Calibration date 11 November 1997

Calibrated for : Stewart Scott SA (Pty) Ltd

Calibration range : 222.222 Vs (800 m3/h)

Meter Make : BESTOBELL MOBREY Serial No : 30193/90

Meter Type/Model 836542 Output PULSES

Converter Make BESTOBELL MOBREY Serial No : 836542

Converter Type : REMOTE

REFERENCE EQUIPMENT

Reference flow : Comparison system (Frequency)

Temperature : Pt 100 SENSORS T256, 253 & 249

Analog outputs : FLUKE LOGGER S/NO 4260001, FLUKE DMM S/NO 5465069
Impuise Counter : HP 5327A TIMER/COUNTER S/NO 1248A00376

Frequency & Time : HP 5328A TIMER/COUNTER S/NO 1804A05857

PIPEWORK AND ENVIRONMENT

Upstream straight pipe L/D : 299D Nominal ID: 257.8 mm
Downstream straight pipe L/D : 185D Nominal ID: 257.8 mm
The control room temperature was 235°C +/-3°C
The test area temperature was 18.1°C +/-5°C

LABORATORY PROCEDURE
The calibration was performed according to procedure No 901-1001-01

UNCERTAINTY OF MEASUREMENT
The uncertainty of measurement is +/- 0.6 % of indication
( estimated for a 95% confidence level ). ‘

7 -
“é‘—z?(’ .
CALIBRATED BY : G G CHOABI M LIEBENBE g

HEAD OF LABORATORY
(011) 629 5245




TECHNOLOGY RESEARCH & INVESTIGATIONS C19
Private Bag 40175 '
& 2022 Cleveland Tel: (011) 629 5111
NLA ESKOM
CERTIFICATE OF CALIBRATION
CERTIFICATE NO 97TC126 PAGE 3 of 3
ITEM DESCRIPTION
Calibration of a 250 mm FLOW TRAVERSE WITH A TURBINE PROBE
Meter Make : BESTOBELL MOBREY Serial No : 30193/90
Meter Type/Model . 836542 Output : PULSES
Converter Make : BESTOBELL MOBREY Serial No : 836542
Converter Type : REMOTE
RESULTS TABLE 1
RUN WATER WATER |REFERENCE| METER METER ACCESS
NO. TEMP AVE. | DENSITY | FLOWAVE. DEPTH |FREQUENCY|TEE HEIGHT
kg/m3 Us mm Hz mm
1 224 897 .68 221.725 1426 490.72 84.8
1539 515.32
190.5 570.28
236.7 598.87
282.9 572.97
330.8 507.55
2 224 997.68 111.188 1426 236.77 848
153.9 246.94
190.5 28162
236.7 299.25
282.9 280.71
330.8 248.37
3 224 997 .68 46.487 1426 80.03 848
153.9 81.33
190.5 100.45
236.7 104.04
2829 103.14
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IN SITU CALIBRATION OF LARGE WATER METERS

ANALYSIS OF FLOW TESTS FOR 800mm DIAMETER
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IN SITU CALIBRATION OF LARGE WATER METERS

ANALYSIS OF FLOW TESTS FOR S00mwn DIAMETER
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W SITU CALIBRATION OF LARGE WATER METERS

ANALYSIS OF FLOW TESTS FOR 400 mm DIAMETER
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N SITU CALIBRATION OF LARGE WATER METERS ANALYSIS OF FLOW RESTS FOR 300mm DIAMETER APPENDIX Ds
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IN SITU CALIBRATION OF LARGE WATER METERS ANALYSIS OF FLOW TESTS FOR 250 mm DIAMETER APPENDIX D7
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APPENDIX E

Photographs
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Turbine meter
No. 3190196

Turbine meter no
30193/90 showing
hair like fibres
removed from
bearings

Turbine insertion
meter no. 31901/96




Insertion Meter installed on
800 mm dia pipeline
Weigh tank and control
room in the background.
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