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Executive summary

The investigation into the effects of varous fitings and installation configurations has become a
necessity in view of the strict water loss controls brought by the promulgation of the new Water
Services Act, 1997 (Act 108 of 1997), and the pending draft National Water Supply Regulations. Many
of the water services authoriies will base thewr work on reducing unaccounted-for water on SABS
0306:1999, a standard on the management of potable water in dstribution systems. In coming up with
a water audit report using the above mentioned code of practice, the water services authorities will
have to use readings recorded from melers installed as the main part of ther data, hence the need to
correctly install the meters in order 1o get accurate readings. The current situation is that the
installation of meters is being done by plumbers who are in some cases oblvious of the effect of
haphazard installabions and choice of fittngs adjacent to the meter. As these meters are used for both
domestic and industrial bilkng of consumers, the overregistraton or underregistration due to their
incorrect installation can result in false billing of consumers with resultant audit imbalances between
the quantties of water actually supplied against water consumed. Water loss management as
prescribed in the new draft National Water Supply Regulations can only be as accurate as the
instruments used to measure the volumes of water. Unaccounted-for water brought by unacceptable
errors in meter indications have to be eliminated if the objectives of preserving water are to be
achieved. The unit cost of purified water s going 1o become expansive owing 1o escalating purification,
storing and transportation costs as well as scarcity owing to errabc weather patterns in the southern
hemesphere, and therefore every drop of water needs to be accounted for.

Thus, the objectives of this research were to investigate the effects of vanous fitings and installation
practices being currently employed in practice and come up with recommendations on the correct
choice of frtings to be used adjacent to water meters as well as guidelines on correct installation. The
objectives of this project were attaned by subjecting two main types of 15mm diameter domestic

meters, namely volumetnc and inferential meters, to some of the condtions in which they are installed



in practice and comparning the characteristics with standard meter performance charactenstics. Tests
were carmed oul in accordance with ISO 40684.-3,1983 and SABS 1529-1.1984 standards on water
meters. The meters were installed in a test bench in compatible groups, for example, inferential
meters only. Readings were taken for the chosen flow rates and then compared with the actual volume
of water through the meters as measured by a calibrated tank downstream of the meters. A constant
head tank on the roof of the building ensured a steady flow of water through the meters. The
percentage errors between the reading of the meter and the actual volurme were then plotted against

the corresponding flow rates and the resultant curves analysed

By repeating the signature test twice, firstly at the beginning of the lests and again at the end. it was
possible to determine whether the deviations in error versus flow-rate graphs were due to installation
configurations being tested and not due to deterioration of the meter through wear and tear or change
in environmental conditions. The first test involved inserting a 15mm ball valve at the inlet side of the
meters and adjusting ft so that it was fully open, 22,5 open and 45 open respectively. The second
test involved rolating the meters 45 from the vertical and the third test had the meters installed with
approved fittings (JASWIC "R" Specificatons, 1994) to simulate the above ground installation but

without the inlet valve.

The following results emanated from the research
. The 15mm ball valve in various posttions of opening at the inlet of the meters as well as the

above ground installation did not produce any consistent notable effect on the meter

accuracies

. The accuracy of certain models of volumetnc meters was affected by the 45° tit configuration,
and

. The accuracy of the inferential, mulb-jet type meters was affected in the lower flow rates below

q (transibonal flowrate) when the meters were rotated 45° from the vertical.
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This research also indicated that more tests on all existing installation practces have to be carried out
on all sizes of both single-jet and multi-jet inferential meters in order to be able to make
comprehensive conclusions. The unusual phenomena exhibited by some volumetric meters requires

further investgaton.

Based on the results and interpretabon thereol, the following recommendations are made:
. An inferential meter designed to operate in the horizontal standard positon should always be
installed with its turbsne shafl axis coaxal with the vertical axis. More so there i1s need to

investigate the critical angles or angular tolerance to which different models of meters start

10 lose sensitivity.

. The above ground installation does not impart large inaccuraces on meter performances and
its use in meter installations where ease of reading I8 required, can still remain a normal
practice.

. That an inlet ball valve of the type used in this research does not impart large Inaccuracies on
domestic meter performances. Emphasis is put on the words “type used in this research” as
different valves impart different flow disturbance characteristics and therefore more types of

valves should be tested.

. Better training curncula should be formulated for all plumbers to avoid improper installation

of meters and increase their understanding of the importance of the information derived from

a water meter in local government water management systems.

. Regular checks on meter manufacturers should be continued long after type approval to

m




ensure that they stll produce their meters with accuracy and durabiity as key requirements

This recommendation emanates from the fact that some type approved meters used in the

research, faded the inmal selection cntena

All mumcipalties and water governing bodwes, plumbers institutions and other interested
organizations should make use of the “Guidelines on Domestic Meter Iinstaliation Practices’

which emanated from this study
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GLOSSARY

Definitions

Accuracy The comparison of the actual meter reading to the true value
Water meter: Self contained integrating measuring instrument that continuously determine the volume
of water flowing through them
Potable water Water that comphes with the requrements of SABS 241
Minimum flowrate(q,., ) The lowest flowrate at which the meter s required to give indications within
the permissible tolerance
Overload flowrate(q,) The flowrate that is equal 1o 2q. and that represents the highest flowrate at
which the meter s required 1o operate in a satisfactory manner for a short penod of ime without
deterioration
Permanent flowrate(qe): The flowrate for which the meter s designed and at which the meter s
required lo give indications within the permissible tolerance under normal conditions of use
Transitional flowrate(q, ) A flowrate that occurs between the permaneant flowrate and the minimum
flowrate and at which the flow is diwded into two zones, the upper zone and the lower zone , each
characterised by a spectfic permissible tolerance

Abbreviations
BS: British Standard
CSIR: Centre for Scientfic and Industrial Research
GMS: Galvanised mild steel
ISO: International Organisation for Standardssation
JASWIC: Joint Acceptance Scheme for Water Installaton Components
NB: Nominal bore
OIML: International Organisation for Legal Metrology

SABS: South African Bureau of Standards
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KEY TO GRAPH LEGENDS
ag Above ground configuration

above ground ave.: Above ground configuration average curve

BV manifold 45 open ave: Ball valve configurabon average curve with the valve 45 degree open

T1, T2, T3 : Accuracy curves produced by plotting the percentage errors of the three meter readings
taken at the same test flowrate

Test manifold ave.: The average of the curves T1. T2 and T3

45 deg. tilt ave.: 45 degree configuration average curve
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Background

This research to establish the influence of various fithngs and installaton configurations on the
accuracy of a meter was iniiated by the South Afnican Bureau of Standards with financial assistance
from the Water Research Commission. The pending new Water Regulations will prescribe water
audting as a requirement and the code of practice for “The management of potable water in
distribution systems” (SABS 0306, 1999) will require accurate measurement of walter passing through
a water meter installation. It is therefore essental to measure and know the effect and contribution of
meter accessones, fittings and pipe configurations used in installing a meter on the melter accuracy and
performance. This will help to better inform and advise municipaMies and contractors on the
mportance of correct choice of fitings and installation procedwes. Haphazard meter nstallations and
poor choice of matenals hawng become the norm owing to detenorating plumbing practices, the study
of their impact on the meter accuracy is hence necessary. The relevance is that this understanding
will contribute towards reducing the ensuing problems such as incorrect consumer bdling, water loss
audit imbalances and increase in unaccounted-for water thus rendering the water management
systems by waler authorites ineffective. A few examples of some existing poor installations are shown
on photographs in Annex A.

This research fist had to establish a reference or control as the basis for comparing the results of all
the tests. Thus all the meters were initially tested in accordance with the requirements of South African
Bureau of Standards (SABS1529-1,1994), which is similar 1o International Standard (1ISO4064, 1983)
regardng most aspects. To be able 1o see the performance of the meter over its entire range. twenty
two flow rates instead of only five were tested and results were plotted against the percentage error
in the volume reading shown by the meter lo the actual volume as measured by a calibrated tank

Although the purpose of this research was not 1o verify the accuracies of the meters in ordinary
calbration ngs, it 1s worth mentoning that sorme of the inital efficiency results did not comply with South

Afncan Bureau of Standards (SABS1529-1,1984) tolerances of 5% for flowrates less than the




transitional flowrate q, and 2% for flowrates greater than g, . This research focused more on the

repeatability of the meter accuracy in vanous installation conditions

The vanous configuratons were then tested and the graphs obtained superimposed and compared
agamst the initial efficiency curves or "signature™ of the meter under test. The term signature
symbokses the uniqueness of one meter curve when compared with another and is a true
representation of performance of a meter over s entire operating range withun those chosen
conditions. A final “signature” test had to be done in order to be able 1o separate meter readings due
to meter detenorabon with those attributable to installation conditons. The following chapters describes

the research programme and then gives an account of the tests undertaken and of their results

2 Standards for installation and previous researches

Comprehensive standards have been developed and researches undertaken on measurement of flow
in closed conduits, using pressure differential devices such as onfice plates, nozzles and Venturi tubes
when they are inserted in conduits running full to determine the flowrate of the fluid Britsh Standard
(BS1042. 1992). and Internabonal Standard ( ISO5167, 1991) are a few reference examples which
specily installation and operating conditions of these devices with a great degree of detall, For volume
flowrate methods of measunng cold potable water using meters, International Standard (1SO4064 Part
Two,1978) and International Organisation for Legal Metrology (OIML, Document 4, 1981) recognise
the need for straight lengths of pipe before and after a meter. The length is gven in multiples of the
nominal diameter D of the pipe in which the water meter is installed. For both single jet and multjet
melers, the upstream and downstream lengths should be 3D and 1D respectively. regardless of the
size of the meter. On errors due to installation effects the Internabional Organisation for Legal
Metrology (OIML, Document 4, Section 6 3, 1981) admats that “the effect of installation conditions on
the accuracy of a waler meter has not been comprehensively investigated”. A research programme

(Harrison, 1990) financed by the European Community used a number of water meter test laboratories
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in investgating the effects of flow disturbances on the accuracy of inferental water meters. In this
research they developed “standardised in-line flow dsturbance devices” to create upstream and
downstream velocity profile distortions and upstream and downstream swirls. The conclusion from ths
research was that flow disturbances change the accuracy of modern water meters | installed in a pipe
as stpulated in the OIML document, by more than the permatted amount. This report also references
an unpublished KIWA report of August 1976 which has a tabliography of about 12 references relating
1o the influence of installation conditions on the accuracy of water meters.

3 Domestic water meters

Most domestic water meters are mechanical meters that can conveniently be dvaded into two main
types (1)Displacement and (2) Inferential. Type 1 comprises meters which are volumetne in operation,
the cyclic displacement of the detecting element.e g. a pston, being directly proportional to the volume
of fluid passing through the meter during each cycle. From an academic point of view, dsplacement
meters should be subdivided into positive -displacement and semi-positive displacement types (Fig.
1), the former classification covering those meters which employ a packed piston. When a packed
piston is used there is no leakage so that, for all practical purposes, the meter can register down 1o
zero flow. However the modern trend on the design of the displacement meters is to rely on very close
machining tolerances between the moving element and its working chamber. Inevitably this means that
these meters have a certain minimum flow rate below which inaccurate flow registration results

The cyclic movement of the piston can be followed from Fig. 2 (a, b, c and d). In position (a) both the
inlet and outiet ports are in communication with the inside of the piston, the incoming liquid (shown
hatched horizontally) starting the piston off in its semi-rotary movement, and expelling the oulgoing

liquid (shown hatched vertically) through the outlet port. The liquid on the outside of the piston (shown

cross hatched) is in a neutral posion, since it 1s cut off from both inlet and outlel ports, but as the
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Fig. 2 Piston meter ; Sequence of operations
movement of the piston continues & becomes the outgoing liquid. and s discharged through the outlet

port In position (b) the incoming and outgoing hiquid is on both sides of the piston, while in position (¢)




the incoming Iiquid is on the outside of the piston, the outgoing quid on the outside of the piston o the
other side of the radal partibon being expelled through the outlet port. At this instant the liquid on the
inside of the piston is neutral, since it is cut off from both ports, but it becomes the outgoing liquid as
the movement of the piston proceeds. The final posttion (d) shows the piston 90 before position (a)
It will be seen that the piston is always moving in the same direction, 5o no shock s expenenced, and

each semi-revolution permits a definite volume of liquid to pass through the meter

Type 2 embraces inferential meters; they measure the velocity of flow, and from this measurement
infer the volume of flow hence the name inferential meters. In all mechanical meters of the inferential
type the mowving element consists of the rotor, and the basic principle is to design the meter in such a
manner that, over the working range of the instrument, the speed of rotation of the rotor bears a
constant linear relationship to the velocity of flow through the meter. The force acting on the rotor is
the driving torque which is resisted by the torques due to damping, fluid friction (viscous drag) and
mechanical friction. A single-jet (Fig 3) passes the total flow through one jet which strikes the rotor at
one point on its periphery. A multi-jet meter (Fig. 4) embodies means for dividing the total flow into a

number of jets spaced around the periphery of the rotor

Fig. 3 Single-jet meter Fig. 4 Multi-jet meter
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Domestic meters commonly used are the inferential (single-jet and muit-jet) and volumetnc (piston)
meters with the following nominal bores commonly used; 15 mm, 20 mm and 25 mm. Ths s because
of the relatively low draw-offs at which water enters into consumer networks. For pipeline systems that
have very high variances in flow rates such that none of the operating ranges of the flow rates of the
above mentioned meters is adequate, larger meters and combination meters have been developed

but these are mainly for industrial and zone water metering

Most households have moderate flow rates and therefore the 15 mm. class B meter s the most
common meter installed and hence it was used for the research. Whether a volumetric or inferential
meter is installed is purely a matter of choice of the water authority or contractor, but can be restricted
by whether the meter is to be installed horizontally or vertically. Most inferential meters are honzontal

meters but most volumetnc meters can be used in both the honzontal and verbcal installatons

4 Calibration standards and terminology for water meters

All water meters with a nominal bore not exceeding 100 mm are calibrated for compliance with South
African Bureau of Standards (SABS1529-1,1994), and are metrologically classified as A. B, C or D
depending on the level of accuracy required from the meter. The least accurate 15 a class A meter
which is not used for billing purposes .The most accurately calibrated meter is a class D meter which
has also the largest range (see Table 1 below) although for purposes of billing the use of classes B
and C have tended to dominate with the former being commonly used by both domestic and
commercial users. Consequently the meters used in the research were class B melers as they are

commonly used for domestic metering and consumer billing.

A calibrated water meter has a flow range in which it is designed to operate ranging from a minsmum

to a maxamum flow rate. The minimum flow rate g, is the lowest flow rate at which the meter is




Table 1-Metrological class of meters

1 2 3 4 5

Class of For g, not exceeding 10m’/h For g, exceeding 10m '/
meter
Minimum flow Transitional flow Minimum flow Transitional flow

rate Qo rate g rate Q... rate g

A 004 g, 014q 0,08 g, 03q

B 0,02 g, 0,08 g, 0,03 q. 02q
C 001q 0015q. 0006 g, 0015q,

D 0.0075 q. 00115 g, - -

required to give indications within a permissible tolerance whereas the permanent flow rate g, s the
flow rate for which the meter is designed and at which the meter s required to gwve indications within
the permissible tolerance under normal condiions of use. The transitional flow rate g occurs between
the permanent flow rate and the minimum flow rate. Thes is dwded into two zones. the upper zone and
the lower zone, each characterised by a specific permissible tolerance. The overload flow rate g, which
Is twice the permanent flow rate s the highest flow rate the meter is required to operate in a satisfactory
manner for a short period of ime without deterioration.

5  Flow parameters that affect a meter

For both inferential and volumetric meters , the diameter of the main pipe bears Iittle relabonship to
the nomunal size of the meter which should be used. Each nominal size of any particular make has a
definite minimum flow, below which it will not regsster accurately, and a maxmum flow rate, above
which it wil be overloaded. Hence the size of the meter selected will depend entirely on the antcipated
flow range. The exception to the above statement, in so far as the low flows are concerned, is the
positive type meter, which, as already explained, is accurate to what s, for all practical purposes. zero
flow.




Both the volumetnic and velocity meters derive their driving energies from the flud which they are
measurnng, hence some flow parameters which affect this energy do influence the accuracy of these
meters. It has been found that the following parameters affect the accuracy of a meter,

(a) the upstream velocity profile destortion,

(b) the temperature effect

(c) the viscosity effect | and

(d) the swirl effect

It was also found that the meter charactenstics s a function of the velocity profile just upstream of the
rotor. The volumetnc meters have indicated in previous researches (Harmson 1990), (OIML, Document
4,1981) to be insensitive 1o upstream velocity profiles as well as the swirl effect. Temperatures and
viscosites of potable water as tested in the laboratory can be strictly controlled, therefore their effects

on the systematic errors of the meter readings are constant

Fittings, bends and valves before a meter introduce either swirl or velocity profile distortions, as well
as introducing more head losses. It is therefore worth investigating for each type of meter the effects
of these on the accuracy of the meter Caution is needed in separating the errors due to air pockets
and general errors characteristic with each test rig from those inherent in the flow due to fithngs. Air
pockets are inherent in many actual ground installations although use of nsing mans and air release
valves can minimise these. Whereas test benches can be vacuumed (thss is the ideal condibon) but
normally merely flushing the entire systemn by lully opening the downstream valve o the meter under
test removes most of the air pockets. A much more recent practice on some test rgs without vacuum

pumps on conventional meters is to invert them 80  from the normal horizontal position and flush walter

through, expecting all air to rise and be flushed out




6 Research equipment

The details on models of inferential and volumeltrnic meters used in the research are shown in Table
2 below. Three meters were disqualified after the nitial signature test as they did not comply with South
African Bureau of Standards (SABS1529-1, 1994) tolerances against which they were type approved
and therefore could not be taken to be representative of other meters There was no critena used in
selecting any particular brand of melters as these meters were donated by the respective meter
manufacturers. The first column of the lable dentifies the meter model, the calbration class, the
nominal operating pressure of the meter and the pressure loss across the meter at q,. The second
column identifies the nominal size of the meter in volume flowrate and the type (whether volumetric
or inferential) and the way it is installed (horizontal or vertical). The fourth column describes whether
the meter is type approved for trade use in South Africa and the thread size of end connections

The SABS water meter laboratory used in the research handles all type approval, production
verification and dispute testing of water meters. Copies of the calibration certificates of the 100 | and
10 / tanks used for measuring the actual volume of water are shown in annex B. Thus the volume
measured from these tanks is the meter prover volume used in determining the error. Its calibration
therefore can be traced to the national standard via the Weights and Measures Act . vis -a-vis, the
Trade Metrology Act,(Act 77 of 1873), of South Africa.

7 Methodology
The meters were tested in three batches owing to test bench hmitations and because meters of
different types cannot be tested together For example, volumetric meters cannot be tested together
with inferential meters. The three batches were;

Batch 1 consisting of inferential meters from models C, D and E,

Batch 2 consisting of volumetric meters from models B and F, and

Batch 3 consisting of inferential meters from model A only.



Table 2 — Meters used in research

1 - 2 3 4
Meter Model Size and type 1D Number Remarks

Model A Class ‘B PN16 1.5 m' M nferental Al Type approved Connection
P =100 kPa horzontal Al2 sze=G208

Al
Model B Class ‘B” PN16, 1.5 m’ Nolumetne 8P Type approved Connection
P =100 kPa honzomal and vertical BP2 e G228

BP3 e
Model C Class “B" PN16 1.5 m '/ nferental, cn | Type approved Connecton
P =100 kPa horizontal cr s2e=G28

ci* In plastc body
Model D Class “B* PN16 1.5 m M inferential DI Type approved Connecton
P =100 ¥Pa hornzontal D2 sze=GC208

DI3* In brass body
Model E Class “8° PN16, [ 1.5 m'/h inferential £n Type approved Connection
P = 80 kPa honzontal £ se=G2B

E3*
Model F Class “B* PN16, 1.5 m' M volumetric FP1 Not type approved
P« 40 xPa honzontal FP2 Connecton swe = G208

FP3
*The three meters were dsqualfied after the mhal signature tests

Tests were conducted within 10 % of the spectfied flow rates q,... §. q. and g, in accordance with
International Standard (1ISO4064, 1983) and South African Bureau of Standards (SABS1529-1,1994),
for all the tests except for the inital and final signature tests, where intermediate and extreme low and
high flow rates were chosen in addition to those mentioned above.

As mentioned earlier, the iniial signature tests were camed out on all the meters with a total of twenty
two flow rates over the full range of the meter. The meters were installed with standard connectors on
the normal manifold used for type approval of meters. The configuration is shown in Photograph 1 in
annex C. Long straight lengths of pipes greater than 3D on the inlet and greater than 1D on the outlet
of each meter ensured fully developed flows entering and undisturbed flows leaving the meter. The
identification numbers and the route, which is the relative identificabon of each meter on the test bench

counting from the inlet of the test bench, were recorded on the test sheet. This ensured that a meter
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was always installed in the same postion relative to other meters in every configuration under test.
Once on the test bench, air was removed by flushing with water by opening the downstream valve until
no more bubbles could be seen through the graduated sight glass of the vanable area flowmeter. The
intial reading after flushing was recorded for each meter and then by carefully adjusting the
downstream ball valve to the required flow rate, the first test run could be started. By switching on the
solenoid valve integral with the variable area flowmeter connected to a timer which automatically
switched off when the volume of the measuring tank had been filled, a test run could be completed and
the results recorded. The volumes were read from a scale on a transparent sight glass attached to the
tank. The temperature and pressure of the water were read from dial gauges installed upstream of
the meters. The water coming from a constant head tank on the roof of the exghth floor (about 325 kPa
static head) of the bulding ensured that a constant pressure for each flow could be mantained. The
readings on the meter were then recorded and by sublracting the initial reading taken before the test,
the volume of water as recorded by each meler were noted down. Three readings were taken for each

chosen flow rate. The percentage error was then calculated from the following formula

Percentage error of meter reading = V, .. - Vi, x 100 1
Vt.'t

where
Vs 18 the volume of walter as read by the meter,

View 15 the volume measured from the tank (meler prover volume).

Thus the technique involved the determinabon of systematic and random errors and uncertainbes for
each stage in the measurement chain. Minimizing systematic errors was achieved by setting up the
bench properly, for example, pipe alignments of the system ensuring stresses were not transferred
from the pipework to the meter under test Random errors were minimized by doing three tests at

each chosen flow rate within short penods of ime or consecutively 1o prevent the effect of wear and




tear or environmental changes This emphasized the significance of the final efficiency test as an

indicator of the extent of the increase of error due 1o wear and tear

The results were entered inlo a spreadsheel (see annex E) with formulas including (1) above, which
calculated the average value of the error over the three readings taken lor each llow. The spreadsheet
also calculated the percentage variance of each reading from the average and this indication of the
scatter of batch readings was used lo separate significant random errors in meter reading caused by
the techmician from those attnbutable o the meter. Graphs of the percentage error versus the flow rate
(see annex C) were then plotted for all the meters Because of the penodic non-availability of the
laboratory in order to accommodate other tests, the meters had to be stored for some days before
tests could continue. In such cases all meters were fitted with plastic endcaps at their inlets and outlets
to prevent the ingress of dirt. In addition plastic meters were filled with water 1o ensure that the plastics

did not dry out which could result in additional errors

7.1 Ball valve configuration
This test involved inserting @ 15 mm PN25 ball valve which complied with South African Bureau of
Standards (SABS1056-3,1985) before the inlet of each meter ( Fig. 5 below and photograph 2 in annex
C). The following adjustments to the valves were then made

(a) fully open valve,

(b) 225" open valve; and

(c) 45° open valve.

The effect of these adjustments was to introduce a velocity profile disturbance which disrupted the
steady flow. This is a common practice in meter box installations and is recommended in some
guidelines shown in annex A on Some Common Installation Practices. Different valves are used by

different meter manufacturers and produce different flow distortions ., hence results oblained were




for these types of ball valves only. Seven flow rates were chosen for each valve positon and readings
recorded three imes for each flow rate. The results of these tests were entered in spreadsheets and

the graphs obtained were superimposed on the initial signature curve of the respective meters

BALL VALVE PN25, DNIS 15MM

WATER METER

45mm 45mm

|

JH—

Fig.5 Ball valve configuration

7.2. 45-degree tilt configuration
This test involved setting up the meters on the normal test manifold and then rotating the meters by

45 from the vertical (Fig. 6 below and photograph 3 in annex C). This is not a standard practice but

due to its prevalence in the field, it was decided to investigate its influence on meter accuracy

WATER METER
45"

Fig. 8 45 degree tilt configuration.
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The angle of inclination from the vertical could vary from 0 upwards, but due to the limited me and
resources available, the worst case was investigated. Seven flow rate readings were taken for all the

groups of meters and the results plotted against the inial signature curve of the respective meters

7.3 Above ground configuration

This test involved assembling galvanized fittings to form a typical above ground installaton (Fig. 7 and
photograph 4 in annex C) but without the inlet gate valve The valve was omitted deliberately to ensure
that the influence of the galvanised elbows and fitings could be investigated alone. This installation is
quite commonly used and typical practical applications are depicted in Annex A in drawings by the
Department of Water Affairs and Forestry and the City Council of Pretoria. Seven flow rates were
chosen for each group of meters and the resultant curves superimposed on the intial signature curves

of the respective meters.

Finally, the meters were set up again on the normal test manifold and the twenty flow rates repeated
for the meters . A final signature test was done for all the batches of meters and again the resultant

curves were supenmposed on the initial signature curves of the respective meters.

- . 45nn

15 NB GNS 62 LONG

ol S

Fig. 7 Above ground configuration
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8  Results of tests and discussion

Each meter had two graphs plotted consisting of:

(a) one graph with the test curves of the results obtained with a ball valve in vanous stages of opening
supenmposad on the inibal signature. and

(b) a second graph with curves for the results obtained with the meter rotated 45° from the vertical and
the above ground installabon supenmposed on the iniial and final signature.

The two set of graphs for each meter are shown in Annex D.

8.1. Model A (AI1, AI2Z, AI3)

From the graphs of the three meters tested in the Model A group  all the curves had peaks at a flow
rate of 500 (/h on the nttial efficiency curves Meter Al3 failed to meet the SABS tolerance at this point.
However, as the repeatabilty of the meters was the same, no meter was disqualfied. The curves with
the valve in vanous positions of opening crept upwards by not more than 2 % from the initial curve
except at flow rates greater than g, where the reverse was true. There was very good correlation with
the intial and final curves for all the test configurations except for the 45° onentation where all the
meters severely underregistered increasingly from 200/ to g..... Therefore, t was conclusive from the

tests that the 45° onentaton affected the performance of the meter.

8.2 Model B (BP1, BP2,BPJ)

There was good correlation of all curves versus the initial and final curves at flow rates greater than
200 i/h (all turning ponts of the curves appeared here), as expected for a volumetric meter. Below
200 i M vanances from the inttial efficiency curve were greatest for the 22.5° open configuration (about
1% underregistering), whereas the fully open configuration correlated well. The final signature shifted
steeply below 100 (/h resulting in failure to meet SABS tolerance. Hence the results were not

conclusive and could not be attributed to the fittings or configurations.,
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8.3 Model C (C1, Ci2, C13)

The inital signature curves showed the meter CI3 having two peaks. one of overregistration at 1.5 m’h
and one of underregistration at 2 m’/h. The peaks were outside the SABS tolerance band and not
similar to the other curves from the other two meters, this meter was rejected. The 45° onentaton
produced the same effect as in the other inferential meters in that the curves steeped extremely gaving
severe underregistering at flow rates less than the transitional flow rate. The other configuratons had
small variances from the intial and final efficiency curves, although the fully open valve configuration
on meter CI2 curve near g, is uncharactenstic and cannot be easily explained Hence the only
notable effect was with the 45° orientation to the vertical as the erratic curves of the other

configurations did not reveal conclusive trends.

8.4 Model D (DI1, DI2, DI3)

A similar initial signature curve charactenstic to the one from meter CI3 above resulted in meter DI3
being rejected. The curves with valve configuration show very close correlation between the curves at
all positions of opening and hence there was no considerable effect on the meter accuracies. Nothing
could be concluded from the rest of the tests as the meters started showing what seemingly appeared
to be counter problems. Hence no conclusion could be drawn from this model of meter. The counter
s a mechanical part of the meter which counts the volume of water by way of converting the
revolutions of the turbine or piston shaft , through a gear train transmission into cubic meters. Roller
or drum counters are used for depicting tens, hundreds and larger volumes in cubic meters whereas

circular graduated dials are used mostly for fractions of a cubic meter
8.5 Model E (EN, EI2, EI3)

The inttial signature curve for EI3 was uncharactenstic when compared with the other two meters of

the same model hence this meter was rejected. The 45° onentation produced the same trend as in
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other inferential meters but the pitching of the error curves began much earlier at around 750 (/h. The

rest of the configurations correlated well with the initial and final signature curves

8.6 ModelF (FP1,FP2, FPJ)

All the curves of the vanous configurations of all the meters correlated satisfactonly with the initial and
final efficiency curves at almost all flow rates except for small kinks at 200 (/h for the fully open valve
configurations for meters FP2 and FP3. It is with repeatable results of such meters that definite
conclusions can be drawn about the performances of volumetric meters as there were no peculiar
and inexplicable meter performances. Thus for these meters it can be safely concluded that they were
not affected by any of the test configurations

9 Conclusion

9.1 Conclusions of research

The investigation of the influence of various fittings on the accuracy of a meter produced varnous meter
performances and results. The main finding of this research was that at an installation of 45" to the
vertical an inferential meter severely underregisiers the value of the water passing through it. All the
inferential meters had large shifts from the signature curves at flow rates below the transition flow rate.
Tests carried out on this configuration showed the curve of every inferential meter deviating towards
errors greater than 10 % at flows near the minimum flow rate. The presence of a valve upstream of
both inferential and volumetric meters shifled the error curve marginally from the signature curves and

therefore did not affect their accuracy severely,

The above ground fitings did not displace the curves large enough for both types of meters tested to
enable drawing of any conclusions. The piston melers proved that some models were sensitive to
upstream flow conditions and orientation from the vertical and other types were not. The model F

peston melters were hardly affected by any configuration tested whereas the model B meters had
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inexplicable large displacements from the initial signature at flow rates below ¢. The final signature

curves for the latter model also shifted above the SABS 1529-1 tolerances of 5 % at the flow rates near

Q. hence it s premature to conclude whether the fittings affected the meter or that the meter

accuracies had detenorated due to wear and tear.

Other recommendations that emanated from this research are

An inferential meter designed to operate in the horizontal standard position should always be
installed with its turbine shaft axis coaxal with the vertical axis. More so there s need to

investigate the critical angles or angular tolerance to which different models of meters start

to lose sensitivity

The above ground installation does not impart large maccuracies on meler performances and
its use In meter installations where ease of reading s required, can still remain a normal

practice.

That an inlet ball valve of the type used in this research does not impart large inaccuracies on
domestic meter performances. Emphasis is put on the words “type used in this research” as
different valves impart different flow disturbance characteristics and therefore more types of

valves should be tested.
Better training curricula should be formulated for all plumbers to avoid improper installation
of meters and increase their understanding of the importance of the information derived from

a water meter in local government water management systems.

Regular checks on meter manufacturers should be continued long after type approval to
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ensure that they stll produce thesr meters with accuracy and durability as key requirements
This recommendation emanates from the fact that some type approved meters used in the

research, failed the initial selecbon criteria.

. All municipalities and water governing bodies, plumbers insttutions and other interested
organizatons should make use of the “Guidelines on Domestic Meter Installation Practices”

which emanated from this study

9.2  General conclusions

The problems that arose due to the suitability of some of the meters chosen as standard companson
meters brought to the research another interesting observation on meters that are already type
approved under the existing South African Bureau of Standards (SABS 1529-1,1994) The meters CI3,
DI3 and EI3 were disqualified from the research as they failed to meet the tolerances specified in the
above-mentioned standard. The meter Al3 failed throughout all the tests at 500 //h and the other two
meters from this type had kinks of overregistration on the curves at this flow rate which resulted in
meter Al2 exceeding the 2 % error stipulated by the specification.

The explanation for the severe underregistration at lower flowrates for inferential meters on the 45°
orientation can be due to the increase of the mechanical friction between the rotor and the shaft
bearings as the points of support of the rotor are no longer the bearing areas only as designed As
mentoned earker the force acting on the rolor is the driving torque, which is resssted by the torques due
to damping, fluid friction (viscous drag), and mechanical fricton. For a fluid of constant density such
as water, the driving torque is proportional to V-, where V is the velocity of flow (relative to the rotor
blades), the damping torque is proportional to N°, where N is the speed of rotation of the rotor, the
torque due to fluid fricion is proportional to V' and the torque due to mechanical friction is proportional

to the wesght of the rotor normal to the point of support. If the damping and fluid friction torques are
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large in relation to the mechanical fnction lorque, the speed, N, of the rotor will be directly proportional

1o the velocity of flow, V, and accurate metering will result. Therefore, the torque due to mechanical
friction must be kept low, and this can be done only by careful design of the rotor bearings and
reducing to the lowest possible limd the transmission load to the presentation element. The coefficient
of fnchon between the rotor and the shaft can increase due to improper seating of the rotor beanng on
the shaft beanng This will mean high mechanical frichon and consequent underregistering at lower
flowrates As the velocity of flow increases above transition region the rotor is floating completely in
water and there s menimal contact of s bearing surface with the beaning tip of the shaft. Therefore the
reduced mechamcal friction resulted in accurate metenng at higher flowrates for all meters irespective

of the 45 tilt

10  Recommendations for future research

The main recommendation for future research is that more tests should be done on most sizes of both
single-jet and mulb-jet inferential meters simulating most existing installation practices in order to be
able to make comprehensive conclusions. As these researches would involve numerous tests, more
laboratories can be drawn into these researches and intercompansons done inftially to be able 1o
establish compatibility in the results of the same meters A large enough statistically representative
sample of meters is necessary for these kind of tests bearing in mind that some meters fail to perform
and have to be removed from a research. As technology is moving lowards electronic meters, most
research is going to shift towards these meters. However, as the electronic meter can only be as
accurate as the mechanical meter that transmits the source signal, it is recommended that these
researches be continued and accelerated. The unusual phenomena exhibited by some volumetric
meters should be investigated further as there was ambiguity in the results recorded for the piston
meters tested. Lastly, most of the meters exhibited abnormal charactenstics which might have been

caused by entrained air, hence research into the effect of air on the accuracy of domestic meters s

recommended.

20




References

CLAY, CAE, SPENCER, EA and GRIFFITHS. C (1980) Improving the confidence in hydraulic
laboratory calibrations.

DEPARTMENT OF HOUSING , SOUTH AFRICA (1995) Guidelines for the provision of engmneering
services and amenities in residential township development. Rev. ed. Pretoria: CSIR. Division of
Building Technology. 1995.

DEPARTMENT OF WATER AFFAIRS , SOUTH AFRICA Draft National Water Supply Regulations
HARRISON, P (1990) The effects of flow disturbances on the accuracy of turbine type walter meters
INTERNATIONAL STANDARD ORGANISATION 1SO 4064-2(1978) Measurement of water flow in
closed conduits cold potable water meters. Installation requirements

INTERNATIONAL ORGANISATION FOR LEGAL METROLOGY OIML Document 4(1981) installation
and Storage Conditions for cold water mefers.

INTERNATIONAL STANDARD ORGANISATION ISO 4064-3(1983) Measurement of water flow in
closed conduits cold potable water meters. Test methods and equipment

SOUTH AFRICAN BUREAU OF STANDARDS SABS 1529-1(1994)Water meters for cold potable
water - Part 1: Metrological characteristics of mechanical water meters of nominal bore not exceeding
100 mm.

SOUTH AFRICAN BUREAU OF STANDARDS SABS 0306 (1999) The management of potable water

n distnbuwlion systems.

SOUTH AFRICAN Water Services Act (1997)Act 108




ANNEX A

Some common installation practices
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Figure B8.31: Typical standpipe detad

An acceptatie cischarge capacity from a standpipe is about
15 Umin per tap. For commony used taps the calcuiateC
aischarge range, at an assumed efticiency of 80 % is:

Tap clameter Discharge

£ m head 60 m head
15 mm 8 Umin 75 Umin
20 mm 14 Umin 140 Vmin

However, the high discharge rates for 360 m head will normally
te reduced by the limitations ©f the ppework. In practice,
measured flow ratas to single Swelling houses SeiCOm exceed
40 ymin,

Water taps with high capacities may result in large water
wastage when 1aps are left cpen, even for only a shoa time.
Therefore tap capacity should te restriciad 10 a maximum of
20 Vmin. Figure 8.31 gives detads of a tlypicdl standpipe ingtal.
lation

Water kiosks 270 Being used acensively in the sami-‘ormal
selement 935 wherd urbanisation Nas caused the rapid
growth of sestiements. Tho sale of watér at kiosks provides an
eifectvo moans of rocovering Costs; this is especially relevant
wherg Community managemant structures are not yet in place

Due 12 thair highar cost and tha need for sufficien users 1o
maxka ndividual units commercialy viable, kiosks are usuelly
spacec further apant than stancpipes woulc Be. For the system

Table 8,19 Selection criteria ‘or water supz!y terminals

10 be viable, indivicual kiosks should supply at least 50 dwell-
ings

Facilties for accurately measuring and dispensing the stand.
ar¢ purchase volume (usually 20 or 25 litres) should be pro-
vided. The structures should be sturCily consiructad, and have
Icckatie facilities

Water tanks with a tag may be the firs: level of suppy
improvemnent Befcre any distrioution piping is instalied. Water
may De supplied to the tank By a road 1anker, By gravity flow
from a spring, from a berehole equipped with an engine.criven
pump, by rainwater, or Irom a small treatment works. Peogle
may nesd 10 walk long distances 10 the 1ank 1o callect this
waler. MOowever, its qualty is usually good, and &t may ofen beo
the Cnly source Of water available to a community,

Whera the 1anks are filled by rainwater cofection, it is possitie
for @ach home 1C own its own tark and maintain &8s own
systems. Il is imgonant 1C st up a ccmmittes of Iocal residants
10 manage any such system lor publiic supply

The size of the tank and its design should be In accordance
vl the desgn prncpais gven elsahere in this document

Water vendors are not generally consicerad in the planning
siage, and may clien resist the upgracing of a watar supply
Tnese entrepraneurs often cperate with only a donkay can and
a number of 200 litre Srums, Or wih metersed ransport

Attordability | Cost recovery | Mantenance needs Unlt cost
(Investmen?) | |
Pobiis standposts medwum | flat rate medium low
Water hisshs medium l per amaurnt used low high
Taruer 3uapsly 12 tank medwunr | flat rate mediumMigh mediurmyhigh
vendurs low Per amIunt used low medurvhigh
Metered yard tap righ per amaunt ysed ow low
Metered house high per ameunt used low low
conmection
Handpump mediumiow flat rate med.um maedium
Sprng supply 13 lank bow flat rate ow lew
Chapter 8 page 34 Water supply
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a) Pretoria — Meter installed with upstream bends
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b) Pretoria — Meter installation tilted
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e) Pretoria — Meter installed in a skew pipe arrangement
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ANNEX B

SABS water meter laboratory and calibration certificates
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SABS Water Meter Accuracy Test Bench




SANAS South Afrwcan Bureau of Standands, Privace Bag X191, Pretoria, 001
Tel: (D12 3287911, Fax: (012 3341568

i South Afncan e:ﬁ-:?’&"

E PSLC“G;I ?%V:SION Tel No: 312) 423-7014
R TIN5 WEl Fax Ne: [(212) 423.538)2
;‘ncoonrnc- Aceraditad Laboratory No

1405

Certificate of Calibration
No. 198/398

This certificate s issucd in accordaace with the conditions of the approval gramied by the Souwth African Nitonal
Accreditation System. It s 3 correct record of measuraments made Copyright of this Sertiticate (s owaed jointiv by SANAS
and the SABS  This certiticate may not be reproduced other than in full, except with prior written approval of SANAS and
the SARS

ON SITE CALIBRATION

Dascription of itea/s g ! x 100 @ volurerris measur-e/s.
1 x 10 @ volumetric measura’s

Calibrated for : Fluid Technolsgy Diviator
Abrastian: Mr J Wantenrnaar
Room MO:2S
SASS

Calibrasion précedure i 3e2 page 2 par. 2

Data of calibration - 1698-06-26

validity of calibration H The vaiue/s in this certificate is/fare
csorrect at the time of ca.ibration.
Subsequently the accuracy will depend cor
such factors as the care exarcised in
handling and use of the instrument/s and
the freguency of use. Pecalibraticn sheu.d
be parfcrmad after a pericd which has baen
chosarn te ensure that the :instrument’s
ascuracy remain/s within tha desirad
iimit/s.

calibrated by - SC Mahalng

hacked by : BF v& ¥erwe

wee ' of 2
NOTE. The values » thas comificate are oowment ot 1he time of Culideation Subscuuently the accuracy will doepend om el Lactors as the care eversived i
Do Bing and e oF B instremont and the freyiens oFf wne. Reclhtinn nakd he perfommad afer 4 perbod wbah hus Boen  Sumen 10 emrs 1hal the

he e D

MR s AL UGS AT W ithy




SOUTH AFRICAN BUREAU OF STANDARDS

198/58

CALIBRATION CERTIFICATE NO

}s Laboratory Standards and Eguioment SABS No. Cart N
S @ strike measure NCS 5 23 s S/9°
S0 @ volumetric maasure 23529 231/23529/97
2 Procalture
- f SR R
The volumetric standard was calibrated using the volumetric method (direct
volume to volume). Corrections to the apparent volume of water were made for
the differential water temperature and thermal expansion of the mater:al of
the volumetric standard Quality Prcecedure/s QP/231/14
3 Resu_ts
—__-
Serta’ No Graduatton Actual volume as Uncertatinty of
calibrated in § 20*Cnt calibration in ¢
WS 963670 10 10,00 t 0,02
wSM 963609 100 99,95 t 0,07
4. Semacrks
A drainage time of 15 secconds was used during the calibration. The
coefficient of cubical expansion of the volumetric standard calibrated was
assumed to be: 0,0000507 &/°C.
Measurements were made at a 95 % confidence level.
s — N ——
Calibrated by - SG Mahlangu 7 1 X o —
p
Checked by : BF vd Merwe 7 x AL T
14 —
G
Page 2 o 4

B4

G221 240455 sabs




ANNEX C

Photographs of test configurations

Cl




-~

fiquratic

e

Photograph 1




Photograph 3 ~ 45-degree configuration

Photograph 4 - Above ground configuration
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ANNEXURE D

Examples of graphs generated for different types of meters

D,& D,

Inferential meter with readings reflecting all the tests and positions

D,&D, Piston meter with readings reflecting all the tests and positions.

(Please note that a large number of graphs had been generated by the study Should the
reader require a full set, then kindly contact WRC in this regard.)
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Water Meter - Test Report

Tested in senes with 2 x J othar maters of same type but different makes

.

Applicable Regulatbon Test type: WRC Project Print date: 24 March 2000
SABS 15291 1994, section 6.4 and A\ 4 2h Customer : WRC Primt time: LRI A |
Meter Skze: "3 0p= 1A min Manafacturer: Revtsed 1696 9%
Meter Class: - File Nou: WRCOsig 4.ren
Magnetic drive No Meter Type: Report No.:  IST1930507 R29
Route No: 3 Flow ortentation. Test No: R M UM
Reccipt reading P Group:
Modet: Weridng Pressars:
Meter Seral ® Model Al 1 Testsl | Testw? Test# 3 aver. 1 3
R} 33 %1 T
Flow prewsure K 330 150 3301 v
Water tamperature __oC 190 15 185, 127
Test duration -y W39 1218 §573) 3223
N Volume dispiacemnent  2r i€ 022 10022 wolsl 100
10 bh : 16 41381 16 34411 16 44419 |
Endresding ____m} 1634311 16 45439 16 40445
Dfference Itr 1039 10.2% 10 20 10 26
Difference ki) 277% 2.57% E D 239%
Actual flow rate _lerhour 17 I TNE 10 59 1120
<e-08% Vartance 1o ave 9. A)L19%% DA, Paw
Thow prewure ks - — VST
M o 190 190 190 190
sev 2273 2148 21161 2349
Vohame dusplacement_ Nr I 10024 doeast 10024 10.024
15 In Start reading m} 16 41239 16 31238 16 42334
_End reading m! 16 41286 1642114 16 43381
m oy 10 47 10 4% 10 47 10.47
remce b AW 4540, 4450 4%,
Actual fhow rate  Itrhour EEH 167 18 SR 16 0%
adeal <+« 0.5 % Vuhubm 0. 0% ) 6. DO3%  Pass
— ——
TTow peowars (1) e EAK) 300 ! 03
Water temperanure  oC 195 193 19 8] 19 4
Test duration sec 1892 1360 1784 1879
Volume dnplacement e 1 029 10039 10 03% 10029
20 Lh Start reading @l 16 3 ovs | 1638148 i6 9193
End reading ml 16 13145 1619193 16 40239
10.47 10 4% 10 46 | 1047
Difference . A 450% 4.51% )
Actual flow rate e hour 1908 1842 2024 1922
weal <=0 8% m 0Nt 4|0°'. Mm ‘
Jow pressure i':l 438 b A1S 13
Water temperature o€ 193] 198 19.5 193
Test duration - 1693 ] (I 1618 165$
v ; 100281 10 0358 10 028 10028
Start reading ml 1614977 1635017 16 36058
225 In End reading m3 1633017 16.3604% 16 3709%
Difference ey 10 30 | 10 41 10 40 1040
NfTeremce b 3.71%) 3¥1%. 3.71% 3.74%
Astual fhow rate ity hour HEH 2] 84 a3 HES
ideal <+ 0.5 % Yartance to average 0,03% | 007% 0.03% | Pass
e —— st R —
Tl vewre 3.5 A LA I e
Water temperature ol 190 19.0 150/ 150
Tewt duration . 1218 1213 1207} B 1223
Volume displaceswent Ity 10.029 10030 10 030] 10030
0w Start mi 16 VbIxs4 16 31914 16 32948
End reading m) 1631914 16 32945 _1633977] ——
Difference It 1029 10 81 1032] 10 51
Difference %% ! 2% 2T 2M9%,  2.T6%
Actual flow rate _lriwossr | 89 > 299! 29 53
<o f) § e m 016% D03 ‘l)‘i"ﬁuf
REMARKS:
£inal signature test B2




Water Meter - Test Report

A Regulation Test type: WRC Project Primt dase: 24 March 2000
SABS 15291 1994, secthon 6.4 and A 428 Customer : WRO Print tinw RN I Y]
Meter Slze: “3Qp= LS min Manufacturer Revised 1606 9™
Meter Class: . File No WRCskg 4.res
Magnetic drive No Meter Type: Report No ISTL9MS0T K2
Route No: 3 Flow ortemtaticn: Test o e
Receipt rending P Group:
Matet Wertdng Pressery:
Meter Sertal ¥ Model AlL Tests 1 Testn2 Testnd aer 1.3
[“Test bench pasieion *3 L} ] o3 ~
Flow peessure____APa 1] 3 X1] —ri
o W ol I8 £ |55 I8 S| 1%
Test duration sec §68 870 I 1, ) ___
Vohumne dusplacement N 102! 10032 100811 10 0.0
LY Start readang ml 16 27826 16 28846 16 29%a7 |
16 24%46 16 29867 16 JOKRS |
L 1030 1021 10 181 1020
e _ Difference b 1) 1.74% 1.7%% RO e
Actual flow rate _ Itr hour 41 48 a1 51 a1 ox! 31 391
deal - 03% |V [ 07 D11% 018" Pass
35 e N\ [ AR
Water temperabure ol 190 190 190 190
Tet Seranon s a2 71 714} T20
Volume Jsplacomsem  Itr 1covw 10 030 10023} 10 028
| S0 s Starnt resding mi 16 24796 16 24806 16 208161
Endreading =~~~ =} 16 2 5306 16 26810 16 27826 |
Dufference i 1010 1010 10101 10 10
Difference .-~ 0.70% a70% nIS% | 01,
Actual flow rate e hour 91 .04 S0 34| ) 16
el 035 [ Narlencesonersg R LU 03%s Pae
SO prossare 332 333 333 “33%
W ater ol 194 19 $ 19.4 L 19 5}
Test durstion SeC w7 97 ed 454
Volume displacemsen  itr 1C 003 10012 10002 10 008
b TSW [ Susreadeg 0 m) 16217%3 16 22798 162376
readh md 1621798 18 2179 16.24™% .
e 10.12 1001 10 06 | 10 54
Difference ‘e 1LI5% A02% ADO2% 0.37%, |
Actual flow este Ity hour oy X 1d 72.82 7333 72 77
weal << 035" \'-h«bnm L) 0I9% 395 Pass
D —— —
F:w s 2l 233 LMK $3%
Waler temperatuge ol 193 193 19 2 X
Test duratwe o Je5 136 ¢ 1§
A dume Jupin omen T W T 10013 10 008 10912
100 Ih | Start reading _mi 1618774 1619778 [ L
End reading o} 16.1)77% 16 20782 16 21781 ]
Difference b 1004/ 10 04 10 01 1003
Difference e 0.22% 02%% 0,04, AN |
Actual flow rate  Jtr boue §7 74| 107 2% 9% 08 101 0w |
ideal - <~ 0 5% \Mchnm AN | a0, 137 Pass |
T e ore A% 330 | ) 330 LA
Water temperatuee ol 195} 19§ 194 1947
Totduraten s 385 ) 299 9 |
Volume duplacement Iy 1L 00 [ 10 004 10 0%
120 Uh Stant reading mi 16 1579% | 16 16764 1617706
End reading m! 16 15763 16 1 7769 16 185774
Dufference e 1007 1004 1008 oo
Difference ‘. 0.51% [ETEN 0410, 0.
Actual flow rate  ltr bour |, 468 120 51 120 1 121 8%
weal . =-0 5%, "Mlonm L ) A13% 0.03% Pam
Tewt Place SABS Pretoria
Test Date 28058 »
Testing Officer Dase = 5 Manager E3
I ———




Water Meter - Test Report

Applicable Regulation Test type: WRC Project Prinet date: 24 March 2000
SAES 15291 1994, section 6.4 and A\ 426 Customer ¢ WRO Print thme: 0k n M
Meter Slae “3".Qp~ LS m)h Manufacturer: Revised 16 0699
Meter Cha: " File Nou: WHCsig dren
Magnetic drive No Meter Type: Report No: IST1L930807 R29
Route Na: 3 Flow ortentation. Test No: w1
Receipt reading: P Group:
\ \‘g Pressure:
Meter Serial o Model Al'L Test # 1 Test s 2 Test 3 aver. 13
2 s 3
Flow pressure kPa 334, 32¢ 310 W
Water temperaturs ok 2001 128 200 19 %
Test duration e 186 154 179 153
Volume displacemem __Itr 10048 | 10 cox 100321 10
200 \n Start reading m} 1613739, 16 13747 16 14752
End reading mi 16 11747 16 14752 16 1575%
ﬂ 10 O% 1008 10 06 10 Oe
* _0.35% 043, 028 035,
Actual flow rate  Itr howr 19442 19478 201.% 196 92
Lol | Ve o verage S80%) 7T AT Pae
——
Flow proware 1 BAL 311 L1 LX)
W oC 200 : 197
L e ) n 72
Volume & hr 10 068 10073 10073 10071
S0 \h |_Siant reading m3 16 09671 ! 16 10694 1611716
End readeng m} 1610694 1611716 1613739
Dy 10 23 10 32 10.23 10.23
. L61% 1.46% 1.%56%, 1.54%
Actual ow este e hour 49640 4031 6% $03.6¢ S01.28
Meal - --02% Y ariance to average Al 0).08% ALO2%%  Pass
Preswars 540 . ot ) pbd
Waler tempurature o 193 193 195 19 4
Test duraton sec W $33 533 I
[ olume displacemen _itr 100 200 100 150 100 110 100 151]
S [ Sanradng m} 15 7%17 15 89056 18 Pt
End reading m) 15 895 14 99657 16 09617
Dfferencs [ 10019 100.11 99 40| - 99 93
Difference e A% 0% 061 0.22%
] LNsU Tl 66924 $13.9 $76.17 7209
(el 035 | Vartce to average D315 LY 83%% |Pas
e proice L) kril 0}
Water tgmperatery _ oC 195, 195 193] 19.5
Test duration o 487 [ 4%) | ans
V 100 340 | 100 170 100 160 | 100 223
T80 W | Sartreading  m) 12 #9643 15 39634 15 69644 |
| Endreading m [ 1569648] 1879637 .,___{
Differerse e 100.09] 9 90 991 w97
remce % 0.25% AH.27% 0.23% A.24%
Actual 74173 74¢ 07 746 51 744 44
deal <+ 02% \ artance to average 0%, 0.02% 0.02%  Pass
Hlow pressure i hiH LIE) Mo 3
Water tempersture o 1X0 190 19§ 1X%
Tost duration e _J62 156 ]
Volume displacement 100130 100 149 100100 100123
1000 L% |_Start reading ml 1819706 18 29679 18 V3606
7 m 15267 15 19666 18 49645
Dufferepce nr 99.71 99 X7 % 9 99 80
Differense ‘e At 027 A1 R ) A
Actisal flow rate e howsr 994.77 101268 9275 1000 31
wheal < +-0 2% ) _&m 006 A2t P=
S0 % 1500 o
ERR ERR " ERR LRR
d
Sew Anal tent sheet PSR
K4




Water Meter - Test Report

Applicabde Regulation Test rype: WRC Project Print dare: 24 March 2000
SAHS 15291 1999, sectiom 6.4 and A 420 Customer © WRO Primt thne nisars
Meter Mae: "I0p= LS mih Manwfacturer: Revined 16 0699
Meter Class: - File N WRE sig drer
Magmetic drive Ne Meter [ype: Repors N SETL 00T R
Route N 3 Flow ortentation: Test N R
Receipt rending: P Group:
S Working Pressure:
Meter Sertal Model Al L Test# | Fests2 Tem#3d | aver | 3
st » 1 [ _ - r I B a———
- | Flow prowe AP W 290 W 07
W et temperature  oC 210 2300 210] ™) T
Tost duratun sen 244 238 241 230
’ Vobame duplacoment _ltr 100,000 10,050 102 000 ] 100 5%
1500 Lh |_Start reudeg my 14 " i5en 13 X9396 149300
Foud re mi 14 813 14 Piln 1S eTT
Ilerence hr 10 0 100 20 10201} 10} ve
Difference * 050 B Dets 038,
Actual flow rate : LN 39 L1542 o8 1528m8 ) 1808 16
weal -1 2% Variance to average 098, 0.20% e B25%  Pane
Pl o~ core 134 o e T
W ater tomperabure o 193 1K 3201 203
= Tot durstion se. 210 204 203} py
Nobune dnplasement Jor 200 190,140 100 930 100 133
1750 ' | Stan readmg m} 1439227 1449272 14 S9204 ]
End reading m) 1440272 14 39294 1969108
Dufleronce I 100 45 [ 100 84] 100 7
Difference .-~ 0.25%, T Y 025,
1717.71 1767 IR |7Sanl] | Tdn X
# -.o;‘. w W 017 D 16%s Pass
p T T— . w21
Wt tompersture o 28 ] —-23 337
Test duration e 176 177 178 - 177
Volume displacement e 100 130 100 2% 100 240 jo021°
2000 Lh Start readeng m) 13901 14 09071 14190010
\ m} 14 0007 1419131 14 29209 |
hr [TITED) 100 80 100 T8 100 b6
Dufference “s 041t 037" 054% 0.44%
Auzual flow rate e howr 2049 14 20)% 4% 202~ 33 2038 31
02 Vanang 1o avsrage 0 13% 0074 AL, Pp.
ﬂ’ww ib N Tt
Water temperature ok 223 30 20 FPE]
Test duratum Je: | 44 144 144 [ B
Volume di coment e 100 280 o 110 100 2%0! 100 2%0
2500 Lh | Start reading m 13631727 13 Txx22 13 X8921
End rcadi “m} 1379822 1358921 1399043
Dufterence e 100 95 100 99 10 9 10¥) w4
Difference ) 057 0.68% 066" 0ae’".
Actual tlow ar hor 247 00 2507 78 2806 28 2507
wheal < +-0 2% Nanance 1o average 0N 01" N01% Pass
“Tlow provwere s T 20 L) TIR
Water tomperabare ol Pl 20 _a30 = M
Teont durstion e 132 11 13 132
Volume displacoment__Itr 100 330 100 160 100 420 100,370
| <0 __M m! 11 34363 |} 48368 115K
End reads m} 13 43464 EECGE 1368727
Deflerence h 1o 101 0% 0] 5t 012
- Y 000 0.72% 111% 084%
Actual flow rate  Iar howr 2720.27 2716 51 275963 | 2737 36
’ " 1
weal < +-032 % Variance to average [ATE 0.12% A.27% Pass
Test Place SABS Preteria
Test Date W0
Testmg Officer Date Manager Date: &
ES
Sagrand N Snd .




Water Meter - Test Report

Applicable Regulativn Test 13 pe WRC Project Prist date: 24 March 2000
SABS 15291 1994, secthon 6.4 and A 4206 Customer - WRC Prine time 023441 PM
Meter Sle: "3 OQp= 1A min Masufacturer Revised 160699
Meter Clans: 8" File No. WRCOsig dres
Magnetic drive No Meter Type: Report No: JS"190040° R29
Rowute No: 3 Flow orientation: Test No LRI
Recetpt rending: P Group
Model: Morking Presmurs:
Meter Sertal # Model AL Test# 1 —L Test %} aver 13|
Voot Bench positioe P ——— - [
flow peensure in‘ 890 L R0 LRl
W ater tamperature oC 203 o0 3 e 07|
Test duration e 119 120 119 1191
Valume Jlﬁhﬂﬂ:ﬂ( l!u' UL 860) 100 470 120 380 109 470
3008 Uh Stant readang m | 1307977 13 18104 13 28232|
End reading my 1 13 1310s] [T HH 13 38343 |
Difference _lr 1C1 27! 101 28] 101 31 101 29
Diffe rence .. 041%% 0.51% DNl TETEN
Astual flow rate e hour 3039 131 31410 3039 73 3030 94
whead <+ 2% Variance to average 11 0. 0% 0.01% AD1%  Pass
e . e
Tlow prewers W0 - o o
Water temperature o 203] 190 19.3) 197
Test duratson e 111 110 110 11
Volume duplasoment It 100 _$00 100 330 100 43¢ 100 §1°
3250 L St reading mi 12.775%4 128709 1297842
End reading m 12 877091 12 97843 130797
Dilferencs LS AeE3s 101.33] 101 38 101 34
Difference e 1 480 0.81% 0.82% 0.82%.
Actual flow rate B hour 1259 46 3289 78 3290 371 31379 70
udeal <+-02 % Vartance 1o average | 0.12% okt 0.01% Pass
ﬂm« LF | !
Water temperature oC ! |
Temt duratnon e !
Vobsme dinplacement  lee 1 |
Stan reads m}
Sl readng m) |
Dreflergncs e ] !
DMfYerence *y |
s thow I |
N artance to Average | |
Tl preswre K’a |
Water temperature o€ |
Test Suration Jec |
 oieme Splacement Iy | .
Start readirg m} !
readn m}
- lr
Differemce 2
Actusl flow rate e hour | |
Variance to Average ! |
= Tlow pressure %P3 1 !
W Aer lemperatury oC i
Tem duraticn e |
'-‘-‘.m glﬂ&ms Mr 1 i
Stan readeng ml | ‘
End reading m3 |
[ fferonce Iar
Difference S _J
| Adtual flow rate e hour
aal_+-02% [\Mmmnm |
REMARKS:
F ral sgnature tes!

Tested In senes with 2 « 3 other meters of same type Sut diffarant makes

E6




Water Meter - Test Report

Appikatie Regestion Temt type: WRC Project Prine date 24 March 900
SABS 15291 1994, sectoon & 4 sad A 430 Customer : WRC Prnt tume 024 32 PM
Meter Size “3.Qpe LS mdn \Manufacturer Hesied 1508 9
Meter Chass: - File Na WROZD S pex
Magsetic drive o Meter Type Report Noo 3ETH0J0507 R29
Houte Mo s Flus orestation Test N "N el
Recript reading. " Grong
Model mertieg Presenrs.
S —— '
Meter Serinl 8 Model AL Tem | | Temtwl Testn § aver 1.3
et — "By 1 [R) L)
o AP 310 10 110 10
EST FLOMW NATES | W oaer s o 0 S 208 0 S RTE)
T al curaten e 1191 117 1180 TS
Vohume Sspbacoment W [TOEXT) Y1) 10080 10 680
"B* St readg m) 9 12023 w1dml| 918093
TR b m Sisonll ALY 21510
hfference £ 10 38 1015 1032] 1034
Difference . 3 e 3:38% 299% 3 13%
o Actaal ow rate e hour 32 N 3 ) LTEY
shead <+ 0.8 % \ ariance 1o average 0358, 0 1% 0.30% Pass
YT T T 3 T
Wt oC 210 710 310 310
Teidwamn s 29 329 278 282}
Volurme Saplacoment I 9 9 10 000 9 ¥ v
- Stant \ 91618 1700 LA LIEEN
‘ 130 _Reh % m) 917136 EALIED 1913
L 10 0w _loes] 1901 1004
| DO 8.20% 0 13% 0.
Actual flow rate i hows 12413 12908 129 46| 127 39
08N v | A I8 D255 Pam
™ 3 ™ ST ™
0sop e lemperseurs ol 15 0 190 ""wn*" T el
T i 0 (X} [
=ad Volarne daplacement it 00 160 100 130 1 ) 1IN 163
“A* o | _iart readeg mt PR 9 29182 » Wits
TS0 e hwear tnd _m) 9 2914 ERLTRL] 949208
[ 100 2 100 16 100 37 100 22
. 007% 003% 007" 806"
7] tr o o6 81 64013 67531 asavs
el 03N \ arsance s average a01%, 8 et 201 | Pass
T Flow peessare 11T T ™
190 Cp { Wanr smperanes ot | 1% 190 190 190
{ Tout duratson - 282 il n 158
{ Vot daplicement 100 040 100 Y0 W 100 Y0817
{ *A" D" Suars s § 49201 9 39194 99211,
"__m  End reading ) e 965211 LR
_ Differen.e e Lo 10017 100 22| 100 0%
: e DM Ter O RN TS0 YL S Y S
- " Actual fhow rae B St | 1429 39 1441 44 1987 9] 151649
E,'. 3% | Verience o sverage | 0 14%% I #14% | Pas
{ T Thow pecsvare 1 I L1k e e oY
L e A ater tomgetang s B o ] [CE 1. 183
Tout dus ston 3 119 1% 1 1
| Vodume doplacomon W 100 Vo, J00 130 100 Mar| 100 347
AN WD Stwtreabng m) 1 9%Ses L0G0els ___laomi7y
{50 nrear Fad reating m Dol jo10n? 10 20841 ] o
L I T e 100 79 101 24, 100 %4
& Differemce * 0.43% oM. o3, o S0,
1 Aol fhow rate hewr 03¢ 80 338 19 S0 o %27 33
Woeal < - 02 % Vartance 1o average G 160, 10w gt 0 395 Pass
REMARKS

Bas configureston with ball valve upstream from meter Valve opernng “22 5 degrea OPEN" Matar in sanes with two others of same make
Tested at 5 Nows 10 SABS 1525.1 and two ofhers a3 pe Selecton of SIGHATURE GRAPH

E7




Water Meter - Test Report

Apphicuble Regulation Test type: WRC Project  Primt date: 214 March 2000
SABS 15291 199, section 6.4 and A 420 Cuavtomer © WRC Primt thme: LTS TES B N )
Meter Sive: "3V Qp* LS mIn Manufacturer Hevived 140690
Meter Cla: v File No.: WRO22 S ren
Magnethc drive No Meter Type: Report Na.: T
Route No: L) Flow orfentation: Tem Neo: "IN
Receipt rending: P Group:
e WLl L2
Meter Serial # Model Al L Test 41 Test # 2 Test ¥ ) aver. 13
Veut bech. ponition ) 3 3 =
oW presssrs ) 3N 3110 00 320
[ FLOWRATE | Woler tempersiurs ot 213 213 213 NTK]
(Meter curve) | ot durstion s 3ol 384 1% 387
v by 10 01} 10.01) 10,010 1001
100 1t hour Statreading == m) 1047416 10 44421 10 45424/
F nd reading -l 10 44421 10 4544 10 3648
_Difforemce I 10.04 1003 1004 g 004
Difference - 0% 0.17% 030, 0N,
Actual flow ratg  Mr howr 9248 101 83 10122 100 §7
\m A9 001% 0D02%  Pas
e — et . e
T V1w presewrs 133 e kaS 33| T3t
FLOW RATE | Water temperstry  oC 213 21 21.3 21 8
| QMecrcwve) | Test dwsticn ses LA b 7 n
Volume dsplecement W 10 047 10.048 10.039 10,043
<00 e hour Start rembing mi 10 8 42¢ 10.474%6 10 48478 |
End readin, __m} 10 §74% 10 45474 10 49494
Diflerence It 10 24 10 19 10 19! 10 22
Difference - 232% 1.41% LS 1.75%
Actual Sow rbe  Ite how 494 47 09 4% $09 02| $04.57
| \m—um; METN B33 B14% Pass
—— — ——
Waler temperatage __oC
Volume diaplesement -
. i ml
End readeng o
Differamse e !
Difference -~ .}
Aotual floss rate  bor hour |
Varlance 1 avernge
Flow pressre____kPs ‘
Water lcmperature o !
Tewt durstion e |
\ chume dnplocemers ]
Start res Sy -
- 3¢ SN NN SE— — E
Drfference e . o -+ .
“ —
Astual low rats  ltr howr o
\'mum
e peesure _ﬂn B
Water lemperature ol +
Test duraticn o
. Volume displacement  Itr_| ——————————
Start reahng m | S | E———
End rendng o’ !
Difference Itr |
Difference i | —
Actual flow rate N howr |
\ arbance bnm
Test Place SALS Pretoria
Test Date 0T
Testing Officer Date o o \Manager Date:
Signed Segned -
SARS Water meter laboratory (012) 425.7049 WRCEE S ren Page 2ol 2




Water Meter - Test Report

Applscable Regulation Test type: WRC Project Print date: 28 March 2000
SABS 15291 1994, section 6.4 and A 420 Customer : WRC Prit tisme. 09: 4735 AM
Meter Shie: "3 Qp= L5 min Manufacturer: Revised 150699
Meter Class; " File No. wrotat-Lrex
Magnetic difve No Meter Type: Report Neo  3871,950%07 R29
Houte No: 3 Flow arventation: Temt Nou wITm
Reveipe reading: 62373 P Group:
Maodel W. re:
Meter Sertal # Model AT L Test 7 1 Test =2 Test # 3 aver 1.3
ot | 1 "l [
) Flow prewsure [ 338 338 33s 138
hl!!ﬂ’ FLOW RATES = Waser semperaturg _ oC 193 195 194 195
Tent duration sec 1137 1174 117 _1169]
- Volume duplacement  hr 10030 10019 10 027 10028
il Start reading m} 6 43867 & 44895 645924
30 keh | Ead reades "l 6 44894 45921 6 36940
Diffgrenes hr 1028 1036 10.29 10.28
Difference % 29 2.41% 162% 2.51%
| : : 3121 207 3009 30.87
sdeal <+- 03 % \'Mbm aol*s A10% A.12%  Pass
= pe— -
Flow pressure %) hL) 3% 338
Water temperature o€ 193 19.5 193 19 $
s 284 283 253 2X3
Volume desplacement _ Itr 2997 299 999 9 998
o Stan reading m3 647027 & 48023 & 00211
120 ek Fid readang m) 648023 $49018% 651016]
Itr 996 995 9 o8} 9 94
Difference *% A37% L AD49%1  0.49% ) 0450,
Acoual flow rate  r bour 12672 127 63 127.20 127 19
H w0 8% Vartance to Averape 0 ON% 0.04%, 004"
——— B
Tlow prewsure _1Fa L33 0 L
L 03Qp | Wacriempersture of 170 17.3 19.3 130
Test duratwon e o34 530 $23 $23
Volume dsplacement Ity 100 230 100.1%0 100 290 100.223
‘ .. L Sunreeding @) 631016 661063 E71103
70 itrhour _End reaceng m3 661065 £71103 6811%4
Difference Iy 100 49 100 38 100 <1 100 46
MfYerence ) a26% 0.23% 0.22% 024
| Actual flow rate e Do K8 60 695 34 6X7 °0 689 X7
Weal _-03%  Variance to average a0, 00 0.02° | Pass
Tiow prowire . LTa mn 1) 30 KAL)
100 Qp Waler temperature o 190 190 190 190
Tent duration o 2%0 250 251 250
Volume duplacement  Itr 100 140 100 140 100 090 100,133
A" D" Stant reading i 681194 691169 TO1182
150 Itr howr End reading m) 691169 701183 Ji11%0
_ Difference Itr 100 15 100 13 100 0% 100,12
i | Difference .. 0.01% A.01% 001" 000",
] | Actual flow rmte e hour 1443 02 144202 1435 53 1439 %4
I udead < =-02% | Vartance o average A.01% 0.01% 0.01%6 | Pass
T Tlow freuure LN i.l‘h b & W
100 s Water lemperature __ oC 1931 195 195 193
| Tt duratue sex 126) 128 125 128
| Volume Splacement e | 100420) 100 300 ... 109 3%0 —
“A* oD 1 _Sian reading m3 711206 T21811 TiiAs
L e e End reading m) 721311 731416 741816
- Difference Itr 101 0% 101 0% 101 00 101 0"41
Terence . 0.63% 0.6%%, 062", 0.63%
Actual flow rate _ Itr hour 1869 14 2X91.53 2590 94 IKR3 X3
%".2' +=02% N arkince to average . 0.02% 0.01% Pass
REMARKS

Box configureation with ball valve upsiream from meter Valve opening “F JLL OPEN" Meter in series with %0 others of same make
Tested at 5 fows 1o SABS 1526-1 and two others a8 per selection of SIGNATURE GRAPH

E9




Water Meter - Test Report

Applicable Regulation Test type: WRC Project  Primt date: 28 March 2000
SARS 1529.1 1994, section 6.4 and \ 420 Customer : WRo Print time: 09:-52:07 AM
Meter Size: "I 0p~ LS mh Manufacturer: Res ised 1506w
Meter Class: L File Nou: wrotst-Lrex
Magnetic drtve Neo Meter Type: Report Voo 3571950407 R29
Rowte No- 3 Flow orbentation Test No: w2t
Receipt reading 6237 P Group:
M: W Pressure
Meter Serial # Model AT'L Test ¥ | Test 42 Test w3 aver. 13
s | s | |
LATON . Co T W S ] S— ] $H1m 328
FLOW RATE | Waer oC 195 195 198 19.4
(Meter curve) Test duravon o 347 148 LN ] 4R
Vol Itz 10 020 10018 10020 10018
1060 0t homar Stant re m 9 08873 9 06573 907873
- Endreadng  m) 9 06873 907%7) % oas 4 e
Drffersens i 1000 100 1001 10 00
_Difference . 0.15% 010, 018
Actsal flow rate Iy howr 101.04 100 71 10%) 100 84
Varfamce o av .05 .00 .05, | Pass
- . ————— e s
Tl pressure 32 AN AAD) AI1) ’
W aler temperature o 200 200 300 200
(Meter curve) Tt duration -c 72 7. 72 72
Vobame displacemens N1 0.049 10 7T ] T
__S0ONbear I Susresieg  m) ) 08374 ) 310913
End reading m3 9 (9R94 910915 91198
Dif¥erence r 10 20 1021 1023 1021
Difference " 0% 6%, 180 1687,
Actual flow rate e hour 20243 203,13 0212 133
\. 1o LN hiD LT A1 Pass
AT —
Water tomperature o€
Test duration o
Corw—
Start reahng ml
[ 0 S— - il
Dffererce he_
T w rale Twomat
LVariance to sverage !
Tow pressure_ LF3
Water empevature _oC
Tewt Suraton *”C 4]
v
Start reading ml
E =3
Ditferance i
Differemce )
A ¢ to
Flow prosre 1%
W ater temperatare  oC
ke -
Volume displacement  I8r
e Sanreading mJ s
End reading ml
Dutference Itr
Dilference e
Actual flow rate _ itr hour
\‘-ﬂ-nl-n¢=
Test Place SABS Pretoria
Test Date 02079%
Testing Officer Date Mamager Dwe B
Sipned Signad o El0




Water Meter - Test Report

Normal manifold instalation with meter rotated 45 degrees from the verdcal
Tested ot S flows 1o SABS 15261 and two others as per selection of SIGNATURE GRAPH

Applicable Regulation Test type WRC Project Print date: 24 March 2000
SABS 1529 1 1999, section 6.4 and A L 2h Customer © WRO Primt thme 02:45:49 P\
Meter Skre: "3 Qp~ 1S min Manufacturer Revined 16,0699
Meter Class: “B" File Voo WROIST rex
Magnetic drive No Meter Type: Report No.:  S421900507 R0
Route No: 3 Flow arfentats . Test No: *nom
Recelpt reading: P Group:
#’L \\o!=‘ Presure.
Meter Serial # Model Al 'L | Test ¥ 1 Test 4 2 Tost # 3 aver 1.}
"“Test bench posithon 1 [3) L2 [E)
- Flow pressare KPa 14 133 335 T
T LOW S | W sture ol | 210 210 210 10
Test duration s | 1134 110% 1110 117
Volume displacement i | 11022 10,038 10024 10 027
" Start reading m 1161038 1161927 1162811 B
3 Wrh re m 1141927 1162811 11 63469%
Herence Jv LR X 24 %87 55"
Difference .~ 1300, A1.91% 11.51% 11.57%
Actisal flow rate o duouar | 1182 12 60 1351 3331
sdeal -05% _Varkance to average | 2N 034 A% Fasl
T ) ™ = ™t T
Water tomperature o€ 210 210 210 20
o8 Suration L 286 277 b s %0
Vohima di 1) 009 10011 10011 10.010
u Stan readung m? 11.4%07° 11.%6074 11 $70721
‘ 120 _Mrh |_End reading mi 11 16078 11.57072 1148070
Ditference Jr G 6% 997 9 9% 9 9%
— Difference e A 29 A1 TN 0.34%,
Actisal flow rate b hosr 12599 1on 13011 12% 70
ol L dartance to svorage 208% Af D830 Paw
T pressure (3 i) T YT T
05Qp W atuee ok 208 20 5 295 205
Test duration e RLA) 484 4% K4
- Volurme displscement 1ty 10°) 160 100 230 100 300 100 200
AT 1D Start reading COm 1120457 1130454 11 40487
TE0 e heur |_End reading my | 1110454 1140487 1150448
Difference | %97 100 .03 10001 100 00
_Difference % | 017 A21% 0.19% 0.20% |
Actusi tlow rate e hour Ti6 43 744081 743 781 744 7%
wheal -+~ 02% Varlance to average | D01 nolty -Q.Ol%['_-
Toow prowsure . &Ps =1 — 10 L1 L 110
1 00 On Water temperature ol 00 200 200! 20 0
Tot duratym e 249 248 2201 239
\olume Bsplacement Iy 10 ) 080 100 1301 100 180 | 100 137
"A* 10°D" Start reading md 10.£ 0350 11 00414 11 10436
15400 Itr hour End reading m! | 110814 11 10430 11 20487
Difference e 10024 100,32 100 21] 100 32
Differemce % n1s nant, 0.00% 0 |
Actual Dow rate ity hour 1317 08 | 1353 6% 1442 49 1347 '
sdeal <. 02% Vartance to average | Dy 0ols 0.06% Pass
L FPlow pressuee ﬂ. 910 S]W 915 913
L 1000 | Waeremmperature ol L F) RS | TR | | BN |
Test duratzon - i 19 119, 119
Volume dsplacemen Iy 10r) 450 100 450 100 &0 | 100 437
) A W Start reads m 10 6w 10.7013% 10 80268 |
3000 Ierhour  Tod resdang m} 100118 1089268 10,9090 |
- Dlerame N 1L ITED 10122, 101,37
INfTerence e GNE . QNS 0. 8% 0.82%
Actual flow rate i hour | 3054 4% 301K §2 308 43 W47 26
el o020 ] Verlecetoovernge 28 S0p% 8.84% [Pese
REMARKS




Water Meter - Test Report

Applicable Regulats Teut type WRC Project Print date: 24 Mares 200
SADS 15291 1994, wection 6.4 and A 426 Castomer WRC Print time. MELIEUE AN
Meter Size ".Qp* LS mIn Masulacturer Revived 160699
Meter Class “a" File No WRCHST ren
Magnetic drive No Meter Type Report No 421930507 R
Houte No 3 Flow srientation Test Nov w19
Receipt reading P Group:
Mode: RorkingProseure.
Meter Serial # Model AL Testw | | Temmw2 Tost ¥ 3 aver 1.3
T — 0 T 2
Flow prewure kFa 329 | 329 323 328
| FLOWRATE | Water semperature ol 21 2138 218 218
une Tsx dunarion — e M 362 363
Volume displasoment Wr 10014 oo 10018 10014
100 _itr howr read mb 11 3%07% 1] 39080 11 60049
_Fnd mading mi 1] 9000 11 50049 11 6003K
m les 9m 98 9 %9 98
Difference 3 RN -L34% -1 24% o 13e%
ral P04 99 55 W W
Variance 1o average D07 0% 0.03% Pas
—— e
| [(Flow prewee ____WPs | LE: LK I T
| FLOWRALE W _oC | 0.9 [
j—feer curve) _—1 3 h#] 3 L”
. 10 066 10 063
‘ “00_1ir Nour | Sun readwg =3 11.52020 11.83041 11 $4060
End reading _m3 1) 53041 11.540601 11 $5077]
Differenss Mt 10.21 10191 1017 1019
L erence e 135% 1.25%, 3%, —titl
_Actual flow rate I hour 49610, 456 31 96 a1 4940
Variamce to average [NEE et B 15% | Paw
T prewmre 1) " |} I
Water temperatwe ol d |
Test duration .
v scement
Stan reading J
Ead reading m
Dfferene I " -
[MITerence oy
rate _ r
Varisnce to average
TIo prewre 30 ne
Water semperature o |
Tost duration 1
Volume displasement Iy
o
DhW¥erence r
erence *“
| Dow E]
Variance to average
Jressare gl
Wales temparetigs _ 0C —
Yolume Sisplacement e
Sun reading m)
find reading mi =
3 Ier
Difference L)
Actual low rate e howe sl
Vum 1o average
Tewt Place SADS Pretoria
Test Date 15059
Testing Officer Dste: /1 Manager Oste:__/ __J__
. Sianed o E12
SARS Water meter laborstory (012) 4287089 WRCAST pax Pagelof 2




Water Meter - Test Report

Appieable Hegulation Test ype WRC Progect Frimt dete 34 March 2vn
SABRS 15290 1994, section & 4 and A 420 Customer Whe Frwt time 0 nrm
“AL0p* LS mAn Manufacterer Revned 14969
L Fobe No WHOCHE ren
N» Meter Type: Report No: 3571950507 K29
3 Flow arventation Tewt Mo witel
el ¥ Geowp
Woriteg Proopre
Model ALY Test® | Ig'i Textwd wver 13
. -
Flow pesstse Tl 230 330 30 350
W o N0 x4 Nl 3 ¢
Tadgsticn =i L) T ) st
PM 1 030) 10 030 10 .y;* 1007
S ceadeng =3 T MEs 78019 78] %82
Hind resding mi TR0 Thise2 L SLT]
o Dafferencs_ N 1o 104 Y S 1)
DN Terence. . 329% PN 23T LR
Actal flow e Redhowe | 0w Jieil JLS 1]
deg .00 I Vewemmovnnge ] YT EX_L) S Py
-0 B304 ]
Moy iempersinee, o5 200, P 00 2
Tout Suaticn . Wl W 303 310 |
Vobame Susplacement 1y £ 9ps 2993 S ws S
" . m b 153 ) Sl
N W T — . 183580 Jaiteg N T
Daference = ) 1907 1002 10 06 120
Défference - 0 et 01, oty " fana
Actusd flow e Rehowr 1928 11932 19131 LT
gl Veeogetegvernge HIO (T
LT T— 0 4] — . :
| 05Qp | Weetienperatwe of | 73 L) 173 473
Tesdmoos e | L2 34 3. 31
— Yolame daplacemers iy 220 LBk a0 20103
AT [ Stanresdeng 00w 78508 Teaveel D)
150 e heur |_Ead reading m T 3065 3 16603
Drs¥erence o | 0os 140 08 100 1 200 &4
- jy‘at H10% a17% o
| I 1 88T LM $7708
O F U KT fﬁﬁ Sasy (XTI
TTow meseae 7 1N 1150 = 1M
| x Mw o 160 18 8] L) [T hd
— [ lew dwrcn e ) | i ald
e Yohune displacernert v | 1 190 o 1) j &) 190 130
= "A* 10 D" Sant ¢ m | 8 lel § 36871
I 18 wehaur I o 2 ] [T
Cllereme N % A% P! 5 99 4%
Differemce % | 4:3% R ) 235% LN )
mie Lt laid 36 Ao 141931 1210
wheal v 03 % Varisace s sverage i 1N 00t S08% Paw
=S T 0w preasae _ars 1} ol | 2L3L 2
} 1 00 Ox Water temperstae o | 19§ ) 19 4] K
Tom Srwin [T 1L 119 119] 113)
o Yilume dnpleenernt I W dN 100 &0 (LY . 4z
| A wD Syt roading Y gsoae 3463920 3 I385
Merheur Lol rgading =) LR & TiRm 49971
l - T Meremce - prastl 100 73 100 28 100 )
‘__ — Difference e [N e %
Actual fow ale  ltrhow | Mes 81 LT 2038 32 a5 6
sdeal <+. 0 2% &‘mum A43% ] 0 8l%. S 02% Pam
AEMARK S

Box configureatcn with Bl valve upsteam ram meter Valve cpunag “48 degree OPEN" Meter n senes aith tao others of same make
Tested a1 § fows 15 SASS 1520-1 and two cthars a8 per selection of SIGNATURE GRAPM




Water Meter - Test Report

Applicatle Regulation Test type WRC Project Print date: 24 March 2000
SABS 15291 1994, section 6.4 and A 420 Customer WRC Print lime. 02 %0 28 PM
Meter Sie “3.Qp= LS mI Manwfacturer Revived 150699
Meter Class i o File No. WRCHS rex
Magnetic drive No Meter Type Repart No. ISTIM3050T/R2Y
Rowte No: 3 Flow orertation Tem No. N7 01
Receipt reading 623708 P Growp
Modet Working Prewware:
Meter Serial # Model Al L Test # ) Tewt #2 Test #3 aver 1.3
= ————— = Y Y -
| Heoprmews APy 333 F1}) 3 13
FLOW RATE Water tempersture o 19 § 195 19 § 19 ¢
Mcter curve) Test darstson ev 3% 359 359 i
Volume duplacoment Iy 10013 10019 10018 10018
100 ltr hour _Stant reademg m! 346700 § 47700 8 48T
=i 347 8 48799 § 49798
% i 10.00 10.00 ) 0
Merence 0 13% A 19% A.25% 019,
o L Astual flow ratg  Meehour 10041 10047 . 100 &3 100 44
Variance 1o averige et 0, 0.06% P-=
W 19 19 19,
) 71
10 040 10 040 10.04% 10 042
00 _Itr hour | Stant reading mb £ % 30714 53170
) _mi L5074 $51720 % S27a%
It 9 16 10 10 19 28]
e b N 76% 10% 4% _207%
30907 502 00 022 $04.42
v to 69% L 17% -3 83%
JUW PSRN
Water temperaturs o€ SR -
- - !
Stant m! )|
End reading ol
e
o
Actual ote  luhow
Variance to Average 1
)
raz&' o
VM -
Volums displacement By
' i
Fnd ms
Difference ,l'
Difference %
Astwal flow rate  rhow
Yarisacy e sverage
'RE!' [
Water temperature __oC
L1
Volume Sisplacoment Iy
cia Saan resdang mi
. > End m!
ference I
Differsace i
Actual flow rate
lartence e ovirage. —
Test Place SADS Pretoria
Tost Date 030798
Testing Officer Dee ___/ __/ \anager Date:
S.N s S"O‘ e
SAHS Water mater laboratory (012) 425-7089 WRCAS sen Eu




Water Meter - Test Report
Applicable Regulation Test type: WRC Project Pt date: 24 March 2000
SARS 15291 1994, section 6.4 and A 420 Customer * WRO Print time: 022323 MM
Meter Slae "I Q0p~ LS mih Manwfacturer. Revised 160699
Meter Chaon: - File Nou: WRO fitres
Magnetic drive No Meter Type: Report Noo: 5421 930507 K29
Rowte No: 3 Flow orfentatbon: Test No; LRI R
Receipt reading: P Group:
Model, Working Pressure;
Model A6 Test | | Testn 2 Test® § wer. 13
(3] 1 w1 wy )
[0 338 334 334 s
EST FLOW RATES | Water samperature ol 1941 19 ¢ 195 194
Tewt duratice sec 1117 117 1119 1118
V' Iy 10 024 10,019 10 039 10.027
"B Start reading m) 1270319 1271353 12 7238
30 krh — 1371333 1372383 273416
Difference Ry 1034 1032 1031 10 82
[ S8 300%, 2%0% ____2.95%
’ Itz hour 32 31 32 29 32 30 32 W
wdoal -0 8%, \ ﬂ‘.o % .& ¥all ‘
Thow preweee ___LPs 2 - - 0]
Water 1 ¢ ol 198 19 § 195 195
ent durayon o 280 281 28 P
Volume duplacomnen e 10410 eaolt {9410 10010
. L Sunceading  m 1264304 1268331 [EXZSTY) I
| 120 _ltrh |_End resding = 1264331 1266314 1267314
Duference I 1027 983 10 00 10.03
“a 260% _LR1% e 0.23%
Actual flow rate  Itr 28701 138 2% 1279 128 24
ude ! J-Oz‘h \'Mblu= 2.37% | 2.0d4% B35 | Pass
Tlow prewure [ 0 ™ T ™
03 Op Woater temparatise oC 200 200 200 20 0
Test duration e LA 483 K st
Voluree = 100 220 | 100 130 100 280 100200
A D Start reading ml 12312321 12 4120 12512
TS0 e hwar nd readin, ml 124129 12312% 1261289
. Difference e e 10007 100.00 100 10 10006
DifYerence % A 18% a1a% a14% A 1%
Actual flow rate e bour 74698 T46 39 747 13 746 83
sdeal < =-02% \'Mehmm 0% 00, A00% | Pass
1 0 Op Water lemperature . 00 20 0 20 0 20 0
Test duration xy o pL 242 342 243
Volume displacement Mir 100 050 100120 100 %0 100 OR7
A" w D" Start reading ;) 1201229 1211228 12212%] il
‘ 1500 It hour ! e rending ml 1211228 1221236 1231282
B - | Datference — ne | L) 100.0% RS ool
DMTerence . | a10%. e D0, 008"
Actual flow rate e hour 146471 1489 30 | 4KK 34 1480 T3
wheal -0 2% L Vanance to average 0.02% e B0 | Pass
o T TTow peeaware L — | S———— . S— P 7
1 00 Qy | Water temperabare ol 19 8} T 19 & 19 $
L Lot duestion _sec 121] 19 120 120
= 1 Volume displacement it 100 430 100 420 100 4% 100 433 ]
“A” oD Start reading -l 11 70558 | 11 R10%4 1191140
J00d) ler hour Fod reading 4mfj 11 B10%4 1] 21130 1201229
Duflgreme e 100 56| 100 %0 12089 30077
INfTereme . 013% 044, 0.44% 0%
[ Actual fow rate e howr 2988 00 Wit e widsol 301300
sdeal <02 % N arian e ts average ETEON A.10% A10% | Pass
REMARKS

Typcal above the grouna meter mstallation

Tested at 5 flows to SABS 1529-1 and two others as per selection of SIGNATURE GRAPH E15




Water Meter - Test

Report

Applicable Regubation Test type: WRC Project Print date: 24 March 2000
SABS 15291 19949, section 6.4 and A 424 Customer WRO Print time: 02:25:25 PM
Meter Sze: "3 Qp~ 1.5 min Manufacturer: Revised 160699
Meter Class: . Fide Nou: WROM, rex
Magmetic drive No Meter Type: Report No 4219308 R29
Rowte No: Flow orlentation: Test Nou 9190
Recelpt reading P Group:
ML Working Premure
p— .
Meter Sertal Model Al Test s | Testn 2 Test # 3 aver. | -3
Vest bench position A o 7
Flow pressure AP 320 320 334 122
FLOWRATE | W oL 195, 423 218 202
[ (Meser qurve) o duratwcn sev 360 353 362 a2
\’L\AM_@ 10028 10019 10019 10021
100 Jtrhour Stant reading m} 1267314 126K315 1269317
End reading m) 1268315 1269317 12 70319
Difference hy 1001 10.02 10.02 10.02
DAfferemee . 0.15% aortel 001% a0ac.
Actual o rate Ity hour 10023 hal) 99 ed 99 75
Varlance to average 0.11% 0.08% Ly Pass
T 330
‘ ..?.--l ol 19 1 190 190
curve <st duration 50 i) - | - 7
Ve ' 10 (6 10,070 10070 10 06"
£00_hr howr | _Siant resdng mJd 1261249 262371 1263293
Fnd read ml 126227 1263293 12 64304
Duflerence 13 1023 1022 1011 10,18
Dif¥e rence - 1.53% 149 0407 1L14%
Actual flow rate hour 49641 490 60 496 60 496 54
vV 10 ave 9% D38% 0.74% [ Pass
Tow prewsure___KPs
Water \ermperature o
Test duratson e
Volume duplacemers 1
Sunresdng _m) s .
End reading m3 '
ey
IR Merence “
Actual fhow rate It hour
vV o
Flow pecssure 19
Water lemperature o
Test duration s
Volume daplacerment I
Stant readeg mi B
End readung -
Drfference e
INTerence e
Actaal flow eate__br huous !
artmcr doevorepy :
Flone prewure HA
Water semperature ol Y | D W
et alon L
Volume dsplacemert  Iir ! —
- B 4 Sanresdng 00 e &
Fodroading mi |
Dufference ey |
%
Actual flow rate  ltr hour
\munm |
Test Place SABS Pretorta
Test Date 200599
Tentmmg Officer Dute Manager Duse__/__ Ele




Water Meter - Test Report

Apphicable Regulamion Tewt type: WRC Project Priot date. 24 March 200
SABS 15291 1994 section 6.4 and A 425 Crtimer WRCO Print tiwe: e o 'm
Meter Sue "3, Qp~ 1S mIh Manufacturer Revined 15007
Meter Class " Fie Nu . WRC wg res
Magnetic drve Neo Meter Type Report Noo 3871123456 R00
Route No 3 Flow cnemation: Fest No uN1 a2
Heceipt reading 0 X369 P Growp
Model morting Proveere,
Meser Serval ¥ Model Al I Test # | | Tost #2 | Test # 3 aver 1 3
Tert bench ponstion (B} ‘ iy 1 (B
‘ — Flow presure kP 328, 323 3] 19
Wates | Ture ol 20 4 20 200 22 0
& Test durstion e 1246 120 130 5
Volume duplacement It wotl ol 10011 10.011
10 Lk Stant readin, LX) 2455117 250104 261093 - o
End reading mi 260104 25109 262081
Deilerence e Lk 0Q+ 9 a8 LET
D Tervnse oy 1.41%% A% A1.31% TS
Acnaa! flow 157 0% 10.92 ___lo3s
Baal <. 03% Varance 1o average Qe 8 10%, 000 | Fass ‘
i o fﬁf L) ™7
W s 200 ) 210 — 203
- 22031 1 2303 2300 |
—volune duplocoment N7 10013 oot 10013 10018
15 - 262081 251102 T n
Kind reading mi 263102] 254126 265148
Duffesence M 10.21 10 24 10.29 1025
*~ 1.97%% 227%) _271%] T3
| Actasl flow rate e dour 15.63 1340} 15 64 15 A3
a-:o.o,\ | Vm 0T, 00T B43%% [ Paa
Thow presmere K03 Y o BT
Water temperature o 20 3 208 —__wsl 20.8%
Test duration .. 1769 1902 1510 1804
v e 1001% o 10013 10 014
IO m 263148 266183 267213 o
' _m 266183 2467213 268248
Difference [ 10 30 10.2% 10 32 10 %0
Difference i) IN1%% 267 Jos% 284%
Actaal o 0¢8] 20000 1532 1999
Meal O3S Varnce 1o average 003 XL 830% [Fass :
T V1o prewwre 3 M ! T
Water temperature o 208 03 203 20
Test duravon s 1679 162 1626 164
o lusme it 10015 wols 10018 10017
3245 W Stan resdwg md _Losras 289271 2 Tox
Ead reading -l 208927 220299 27132
Dafference AT 1026 10 2% 1024 10 20
| MTereme LI XL — o 333%[ 3 43%
: Actual flow rate o howr 2151 2219 2 18 21.9%
ddeal 085 | Variewce te sversge B03% 019% 0.21% | Paw
= Lo prewrs L’a = - p *}___ 'tﬂl_ E 33}
1 Water semperaturs o N0 210 210 0.7
L Test Saration . 1154 1184, L (L1
- | Volume duplasement Ity | 10.020] 10 020 10 020 10,020
i 18 | Stant reading m | 27858 272381 o 2 73160 il
{ L End mading - plerdb]) 273360 R
{ | Dufference 1028 10 09 10 14 Wit
i | Dufference .. 340, 0.70% 1.20% | 1507
i - | Actual flow rate W bose N doajl o] 3032
eal 05y f\mnunm 11, OMTT 03" Pan
[ Dit¥eremial flow ltr b “n T50 1400 | Joso
!D:ﬂcmlulm AP - | Ry .
Mandols i !
Presure test kPs | b—
Presare test rmmides al test sheet
SAHS Water meter laboratory (012) 4287089 WRC ag tee Page Lol &
E17




Water Meter - Test Repont

Apphcable Heguiation Test type WRC Project Prist dste 24 March 200
SABS 15291 1994, section 6.4 and A 424 Customer - WRC Prast lime a 3eer M
Meter Sae "3°.Qp " 15 mIN Manufacturer Revaed (R N
Meter Class 8 File No WRC sig rex
Magnetic drive Ne Meter Type Repeet Na ISTI 123454 RNV,
Route No 3 Flow orestation Test No L2
Receipt reading 0 HMF P Geoupe
Model Workdeg Pressers
Meter Serisd Model ALY Test® | Tewsn? ' Test %3 wver 13
[ Vost ench petien 2 2 (3.
Flow prewwre kPa i:$ 32 129 324
Waker tempermure ol 2t0 210/ 210 210
T atson sec ¥as (777 I 7] T
Volume doplacement Iy 10 021 10 920 10 016 10019
Y Slsnt reading m3 2743% 274581 2 76390 N
End reading _m} 2 73381 2 76390 277301
Dufferem g 3 joeo7 10 0% LN 10 09
Differvece Y 0y LR Bt 071%
——— A £ae 3274 AT TED 207
deal 005 | Verlence to sveregs ezt ool VU [ —
* Lre 3387 L B3
W aten temperature o 2 3 00 00 22
Lew T38| 714 720 121
B Volums duplacement e 0.015] 10018 10 01} 10018
F N . Sudreading ____ m) 277401 278404 3 Tou04
278401 230404
!‘ 1ol 10 00 1001
1% 01 0 11% A0S,
Inr 49 %3 20 30 0 af 001
ideal <. 0.8 % ariance o average 0 16%, XIS 005%  Paw
T Tlow (1) 1341 133} b 3
Water temperature ol 203 200 200 202
duratun .o 47 4 474 4%
v o 10 029 10021 10 021 10021
RN St resdeng mi 290404 5107 | Y] I
mi 281402 282400 2 81 ax
™ 95% s L 9 o
[ATereme % LR DA% FYTEe Bdl%
Actas mie e T3 7377 J3931 T4 00
e Yo ongy E XL L1 a0
Tl L1 T3l 3 L b
= Woter tempersturs __oC 203 23 219 N
e duration w. %% E ) 158 18
Volame duplacement e 10 009 10 009 10 021 10013
100 vh Sun reading 283358 84391 233386
End rcads _m5 284591 285388 2 96385 i
Difference e 993 993 999 9 U
Difference % 0T, 09 D31% TR
Actual fow rase it hour 10023 100 6% 100.77 100 59
wdaal <+~ 0 8% Variance to avernge ‘Zé“ol LTS £.25%
ﬂ;—-&v [ 33 rs) 2 L343
Waber tempersoure ot ™3 204 X 3
Test Sarstion o I M 300 T
Yolums Snplacement W 10 010! 19011 10012 10011
120 6 Start readung ms 286158 257191 2NN
Ead m. 2ETIS ALY pE A T
Dufferonce Itr 10 C6 P o | 99 10 00 §
Dvflerence % o 0%, 051%. 042% B14%,
b Actesl Mlew rate  Rohoss 12469 11973 120 14 12148}
sdeal . 0) 2 % v 1o & M ad . [ [ pass Tl !
) ey - -
Test Date 17498
Tatng Otficer Nate - Manager Date
Sipad . Segped
SAHY Waier memer laboratory 1017) 4240 WRC wg ren EIN




Water Meter - Test Repon

bl Test type Print date 24 March 2000
SABS 1529.1 1994, secticn 6.4 sad A 420 Customer WRO Print time 02 M0 M
Meter Sae “3.Qp~ LS mAdh Manufacturer Hevised 150699
Meter Class. s Fie No: WRC sg rea
Magnets drive Ne Meter Type: Report No. 35710120480 R0 &
Reute No 3 Flow ortestation. Test N
Heceipt reading 0 X699 P Gevup
Model W Pressure
Veser Serval 8 Model Al'L Tem s 1 | Test w2 Testw ) aver 1 3
(3] %3 R 1
Fhow premuce k" 223 328 528 3241
Water temperatige _oC 210! 210 ale 210
Jetdunhen e 182 180 181 162
\ 10010 10010 10 D06 10
200 ¥ St reading =) 289384 2 Wiks 291383
290384 291381 292382
- 10.00 99 999 9 9
Difference * a1 020% 0 16% 0 18%,
It 19479 200.20 19901 197 9%
Lieicoels _LVseneeme T s o1 [P n
!RA !F_ 2 3231 431 ‘!.:!. ] 1383
Waler temperstrs  oC 213 23] 213 2.3
Ton dursrce_____ves bl 7 7 __%3]
v 10081 10.0% 10.062 10 064
S Stars reading m3 2904821 298800 294419 ]
m3 29380 294419 2 95448
M 101% 1019 109 10.22
" Tere - 18 19% 237T% _1.88%
Actual flow rate _IteSour 10 14 $0) 30 ¢ 403 10 404 40 |
sdeal <+ 0 2% Vanance to average L5008 036% A T3% Paws ;
i TSI = pr0y)
W, eC 213 2181 2l 2153
I ) Si% a2 Si 534
— Vi 100 080 00 180 ) |40 0 323
675 _my TN 04ais 154181
mi TSEN 15436 } 28376
-— Diferense Xy joooll 100,00 D0
Differvnce ) A2t A 13% A 15% A 16%
3 664 5% 677 64 676 44 674 57
< v ). M 00s*, A0S A01%% Pass
e s —
Flow prewure &P 39 L2204 330 RALS
Water lemperature _ ol” 20 220 230 230
l’gm anx 6% 607
Volume duplacement gﬁ 100 240 00 150 100100 100 163
50 W Start resdng mi_ 36374 46362 3 46310
End reading mi i dninl L Sed e So62™
Differesce Ity 95 87 w5 54 90 8t > AR
- N Tereme s &3t B A% AT T
Actusl flow rate B howr 771.C8 77538 770.00 772142
L udeal <o 0 2% Varissce 10 averige 011%% 013% B01% Fass |
= Flow pressare a 315 35 ) ) I |
] W ater abare o 220 22.0 pod 2204
Lent durat see IR 152 147 3}»]
! Velume soment  fer 100 040 100 100 100 1M 1% 0%
T e W | Stant read m 366820 37677 ) J|
F ol reads ) 3 1379 3 86733 3 96678
Dilferesce e w9 49 w5 WAt 74
Difference e » st H Sats 65 )
L Adtual Nlow rate Tt howr 1008 C9 1023 75 1009 31 __lo1sias
L el e 02% Variance te 3 e, a0t 0.06% Fass
Dy ial rh “on | L) 1w 000
Differential pr 15 = L ]
\uﬂmu’n 0 A 0 0 0
| Presure test AP | A slietlesiint e
Presaure tesi suautes et |
SARS Water meter laboratory (012) 4287049 WH g ern E1Y




Waster Meter - Tost Report

Applicable Hegulation Test type Prist date 24 March 2000
SABS 15291 1994, section 6.4 and A 4 2% Customer Prist time 02 3801 PAL
Meter Sae "3.Qp* LS mIN Manwlacturer Revised 1508w
Meter Class "B File Mo WHC g rex
Magnetx drnve Neo Meter Type Report No ISTIIIMARO0 o
Rowte No: 3 Flow orient stion. Test No aw1 ez
Hecopt reading LR P Geoup:
st Worteag Prosewre.
Meter Serial ¥ Model Al'L Test# 1 Testn 2 Test#) sver. 13 |
[ Ve hench potios 2 28 2. !
Flow peessare kPs 300 300 J00] Yo |
oler ismperture ol 29 o1 200 —20
Test duration 233 T 236 —ai ]
v 100 110 100 | 8¢ 100 %0 100 117
1500 Iy ' - 19067 410667 418691 N
Eod reading mi 406671 4 16591 4 26700
Datferencc e 57 100 16 100 18 100,10
DhfTerence . 14, (TR (RN 001,
Actual flow rate how 1533 60 152127 1426 30 1527 %
wdeal <+ 0.2 % Variance 1o average 013 0024 0 10%, Pass
——— — .
12 - | ]
W ater ol 230! 230 3301 33 0}
o8 dwotsen ] x7 203 200 T
Volune Suplacement el 100,030 100 100,040 100 063
B cox oo - eny i
4 4 4 $5769
Dhf¥erencs W 100 23 100 0% 100 29 100 20
Differvmce - Lﬁ.ﬁ ,_mA .g:.o ALY
1730 83 177517 1748462 1754 36 |
deal <+-0 2% Vartance 1o average D06%, [ 0.09%, | *ass |
»L0N p i) ol
Water ol 230 210l 228 o1 |
Test durstion o 177 174! 174 . 1251
Vobume doplacement by 100 200 100070 100 120 100 130
1080 Seant reading m3 456769 4 66821 4 76476
Emd reading m} 4 1 4 7086 186916
LA 100 %2 10038 100 30 100 49
Dfference * 833%, 0, 02%%, 0.36%
Astusl flow rats __Wrhow 2037571 20741 207143 2099 &2
el 03 | Varance o sverge aee Sl (LD GEN
Tlow l_’s 40 10 Al
Water temperaiure ol 0 20 23 32
Tew duraticn wee 138 142 141 140
_Volume duplacement It 100200 100 230 100 190 100.210
2500 Ih Stant el 4369106 4 097 $070%
m [ T0N07% $17154
r 100 81 100 79 100 T8 100 19
i) " 061, 0 0.59% 8.55%
Astes] flow race _hehous PLTRES 334130 2358 04 2970 71
wigal < =0 2% Vanancs 1o average DAt nat, 015 pass Tl
m u 510
atey temperstwrs _ oC 23 : 23 2).3
Tent duration . 130 T ] — 132 S
Vobame dusplacement oy 00 110 100 300 100 280 100 2%
3750 Ih Start reading ] 7154 S 27256 | EEREET
% ] - $ 17384 S 47448 1
Mbereme e 10102 100 % 10091 o 190 97
Differrmce *e 06 0 067% 068
Actual flow rate e bowe 277837 274 34 2733 82 3756 06
.Fl =02% W 01, 0w, 001% paas  fad
ol Flace
Test Date 220897
Testing Oficer Dete: ___ 7/t Mansger Date _
Suemed B Sigped
SABS Water meter laboratory (012) 425. 7089 WRC g rex E20




Water Meter - Test Report

Applic able Regulatinn Tewt type Frimt dme 24 Muareh 2000
SABS 15291 1994, wection 6.4 and A 420 Customer WRCO Prst tume 0wl rm
Meter Saee "3 Qp* LS5 mAN Manulacturer Revived 1506
Meter Class . File Na WRC g rex
Magnetic drve Ne Meter Type Hepart Noo 3T I2SERO &
Route Nox 3 Flow artest stion: Test N RLIEDM
Receipt reading 0 83699 P Geoup:
Medel: Wetkjeg Prosurs:
Meter Seral # | Model AT Test # | Towt 42 Tow ¥ 3 aver | -3
Tout bench position L) () ! (3
Flow prevare AP ”’_JJ,_‘_ Lol N AN
W aler ol 20 piE) 234 253
" Test duration o Tk [Tl 118 17
\‘w o) 449 OO 100 150 100 307
000 ' Start reading m 352762 T, szl
nd readng m sawe0 S0 $9i1ie
Dhfference - 101 7% miIpils 10126 101 2o
Difference ) LE ) L) 087 085",
Actual flow it lrbow 3090 45 Joss 12 3082 73 3080 66
e 0l 1 Veweptegrorage s01°e, Soite, LA (7
L T — L]
o Waler tompsrature ol 23 0 - 230 28.2
o 109 we! 110 109
Volgme dusplacement _ Itr 100.410 100 400 100 430 100 413
2% Ih Sadreading =i $951149 603274 6 13409 ]
Epdrsadng ol £03274 6 13309 ~- - ]
Difference o 101 33 101 33 10138 101 36
Merence ) LA ) 095% 0.95% LEY
Actual Now rae Itr hows s 3518 98 3246 %0 330 2
Meal - 02% Varlance to average 201, UL 0 00% . Pass
o prowure L - 1
Water temperature ___of {
Test duntica o
v -
Stant reading n |
i readng m}
-
)
Actual flow rate  larhour SR— ed
V anance o sverage
peTvare i | 1
I Woater tempsratars o
Tost dwation
Volume dusplacement  Itr .
Suareeding ___ml
End reading e
Ihfference ngr
L Ihlerence . = =}
Astual flow rate Ity howsr ]
Variance 1o average i
- Flow preswars 1) 1 4 4
W ater temperature ol |
Tost dwation w5 | = | ——
Volene displacement Itr
i . S reading mi —
End reading - ! :
Differsnse W . ! '
1 Differemce . 1
- Actual flow rate 8y hour 1 ‘ e —
S anance 1o sverage 3 |
(Duffovemtzal flow Hrh <00 750 150 )
Dyfloremtnal pressary 4i'a
Manitold ‘s ] !
Prowss teut WP L ! — E——
Provars 1t minutes L__See fimal test sheet
SABS Waser meter Liborasory (012) 429-7089 WHC wg -
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