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Section A: Introduction and background

A1 Introduction

Al.l  PURPOSE OF CODE

The purpose of this Code is to outline the requirements
and good industry practice for the selection, installation
verification, and validation of water measurement devices/
systems required for water permit holders to meet their
obligations under the Resource Management (Measurement
and Reporting of Water Takes) Regulations 2010 (the
Regulations).

This guidance has been developed to:

» Provideguidance onthe selection, installation,
verification and validation of suitable water
measurementdevices/systems for compliance with
the Regulations; and

* Promote accurate measurement of water takes to assist
inthe monitoring processforwater permitcompliance
and enforcement.

Al2 SCOPE

This document provides guidance as to how water permit
holders are to meet their obligations under the Regulations.
This document is separated into three main sections; full pipe
systems, openchanneland partiallyfilled pipe systems, and
data management issues.

The sections of this document outline the requirements
of the Regulations, and then provide guidance asto the
minimum standards, typically used in the industry to meet
these requirements.

Please note thatawater measurement system or device that
fulfils the guidelines in this document is not automatically
deemedto comply with the Regulations, i.e. these guidelines
do not confer compliance with the Regulations. It is strongly
recommended that a permit holder seeks expert advice to
ensurethey selectand install awater meter or measurement
systemthat s fully compliant with the Regulations and any
additional consent conditions.

Al.3 BACKGROUND

A1.3.1 Regulations

In2010, the Regulations were established to provide atool

to aid in the planning, monitoring, and management of

New Zealand’swaterresources. All holders of water permits
(except for non-consumptive takes) that allow fresh water to
be taken atarate of 5 litres per second (L/s) or greater must
comply with the requirements of the Regulations.

The Regulations have been passed pursuantto section
360(1)(d) of the Resource Management Act 1991 (RMA),
andtherefore apply both to water permitsheld atthe
commencement of the Regulations (10 November 2010) and
towaterpermitsgrantedafterthatdate.

Forwater permits held on 10 November2010, compliance
with the Regulations is not required immediately.

A transitional period allows existing permit holders to
implementanyworks necessary tobecome compliant. Table 1
outlines when holders of existing permits must comply with
the Regulations. Forward planningshould ensurethatthe
necessary works are completed in time to comply with the
Regulations by these dates.

Table I: Compliance dates for existing water permit holders

Water Permit Date for Compliance with the Regulations

20 L/s or more 10 November 2012

10 L/s or more,
butless than 20 s

5 Us or more,
but less than 10 L/s

Less than 5 L/s

10 November 2014

10 November 2016

Not required to comply with the Regulations

Forwaterpermits granted afterthe 10 November 2010,
there is no transitional period, and hence compliance with
the Regulationsarerequiredimmediately,assoonaswater
istaken.

A1.3.2 Relationship between the Regulations and
Regional Rules or Permit Conditions Setby the Relevant
Consenting Authority

The Regulations, as a part of the RMA, apply to water permit
holders (as described above) nationwide. In general, the
requirements of the Regulations prevail overaregional rule
oracondition placed onawaterpermitbytherelevant
consenting authority. However, if a regional rule or water
permit condition is more stringent than the Regulations,
theregional rule or permit condition will prevail over

the Regulations.

Itis recommended that the water permit holder identifies any
relevantregional rule/s or water permit conditions prior to
theselectionandinstallationofawatermetertoensurethe
correct, more stringent, requirements are adheredto.
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Al4 DEFINITIONS

Accuracy refers to the qualitative description of the
closeness of the measurementtothe true value, based on
the measurementuncertainty whichis quantitative.

Calibrationreferstothe process of regularly checking
and standardising the measurementof the water metering
device or systemagainstanothermeasurementof

known accuracy.

Full pipe flow refersto flowin a closed pipe or conduit
thatis full of water.

Open channel flow refers to flow driven by gravity,
exposedtothe atmosphere, andinaconduitsuchasa
canal, flume, ditch, orrace.

Partiallyfull pipe flowreferstoflowdriven by gravity
ina closed conduitwhere the conduitis notfull,and the
flow has afree surface subjectto atmospheric pressure.

Permit, in relation to a permit holder, means the water
permitheld bythe permitholder.

Permitholder means a personwho holds awater permit
towhich the Regulations apply.

Range of expected flow rates refers to the range of
minimum to maximum flow rates that the specific conduit
would be expected to convey under normal conditions.
Themaximum expectedflowrateis notlimitedtothe
maximum permitted flowrate, butto the capacity of the
intake structure/system®.

Relevant Consenting Authority referstothe
regional council or unitary authority? that granted the
water permit.

Al5 FURTHER ADVICE AND INFORMATION

Formoreinformation and advice, the relevant
Consenting Authority should be contacted. The
relevant Consenting Authority canthen provide
directionastowho isbestto contact for the
particular advice or information sought.

Suitably qualified hydrologist refers to a hydrologist
with nolessthan 5 years of relevant practical experience
andtrained in the practical aspects of open channel
flow measurement.

Telemetry refers to an automated
communications process by which measurements
and other data are collected and transmitted to
receiving equipment for monitoring,

Uncertainty refers to the range of values within which the
truevalue ofameasured quantityisexpectedtolie,toa
stated level of confidence.

Validation refers to formal inspection of the system to
establish thatthe water metering device has been installed
according to manufacturers’ specifications.

Verification refers to formal inspection and testing of the
water metering device or system to prove and document
thatit meets the accuracy requirement of the Regulations.

Water meter Or water measurement system refersto
all components of the measurement configuration that
measures and records the volumetric flow rate of water
that passes through the conduit.

Wateryearreferstoaperiod duringthetermofthe
water permit:

(i) Startingon 1 July or, for the permit's first water
year, starting onthefirstdayonwhichthe
Regulations apply to the permit; and

(i Ending on the next 30 June or, for the permit’s last
wateryear,ending onthelastdayonwhichthese
regulations apply to the permit.

1. Thisisbecause the Regulations state that the water measurementrecords
mustinclude watertakeninexcess of whatthe water permitallows.

2. Based on the definition of regional council in the Resource Management
Act1991.
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Section B: Water measuring

devices for full pipes

B1 Requirements of regulations for full pipes

BI.I REQUIREMENTS OF A WATER METER
Bl.l.I RecordsofWater Taken

The Regulations require thata permit holder keep records that

provide a continuous measurement of the water taken under
awater permit, including any water taken in excess of the
amount allowed under the permit. The records mustinclude
the cumulative volume (in cubic metres) of the water taken
eachday.Insome casesthe Consenting Authority may allow
the measurementto take place on a weekly basis. Written
approval from the Consenting Authority is required for this
to occur.

Awatermeteristhereforerequiredtobe capable of
measuring and displaying the cumulative volume of water
taken,incubic metres. Please see Section D2 forfurther
informationondatamanagement.

Bl.1.2 Accuracy
For full pipe water take systems, the Regulations state that
awatermetermustmeasure the volume of watertakento

within £5% of the actual volume taken.

Bl.1.3 Suited to Expected Conditions

The Regulations require that the water meter used for
monitoring the volume taken must be suited to the qualities
of the water that it is measuring. Such water qualities that
shouldbe consideredinclude temperature, algae content, and
sedimentcontent.

Bl.1.4 Security

Awater meter,and any essential externalcomponents
(e.g.powersupply),isrequiredunderthe Regulationstobe
sealed and as secure against tampering as practical. Tampering
could affectthe credibility of the measured data collected by
awater meter. Seals should help prevent tampering with the
meter and/or indicate when tampering has occurred.

For piped installations, to be tamper proof as practical, the
device/system should complywiththefollowing, by not
allowing a person to easily remove or manipulate the device
without leaving evidence of removal/manipulation.

Toachievethistamperevidentseals should be used

as follows.

» Water meters shall have flanges both sides of the meter
sealed so they cannot be removed without removing a
tamper seal

» Allwatermeasuring andrecording devices thatrequire
mains powerto operate shallnotbe abletobeisolated
(turned off), whilethe pumpis ableto continue
to operate.

* Anyun-measured offtakes before the measuring device
musteitherbe:

— For domestic or stockwater only, or fire

» Breakingoftamperseals—tampersealsshallonly be
broken by an approvedinstaller, exceptforurgentaccess
to back up irrigation outlets or for firefighting purposes.

— Consentholders shallnot break sealsto undertake
their own maintenance without informing the
appropriate Consenting Authority.

— Consenting Authorities should have a protocol for
recordingwhentampersealsare broken. Thisshould
record why sealwas broken, bywhom, andwhen
the newsealwasreplaced. ltissuggestedthatseals
are broken by approved installer are recorded and
reported to Consenting Authority within 2 days and
those broken by consent holders within 8 hours to
enable auditingifrequired.

Bl.2 INSTALLATION REQUIREMENTS

Bl.2.1 Location of Water Meter

The Regulations require that a water meter be located at the
location from which the water is taken, or as close as practical
to this place as permitted by the Consenting Authority. As the
Regulations also require that the water meter be verified on a
regular basis and is required to be located in a position with
suitable access for this purpose.

PAGE6 OF 45

WWW.IRRIGATIONNZ.CO.NZ


http://www.irrigationnz.co.nz/

Bl.3  VERIFICATION REQUIREMENTS

B1.3.1 Frequency of Verification

meetsthe required accuracy standard. Awater meter must
be verified as suitably accurate within the first water year
ofitbeinginstalledand atamaximum period of nogreater
than 5 years thereafter, or at an interval specified by the
Consenting Authority.

Verification of a water meter may be performed either
on-site or atan accredited laboratory. However, there are
some Consenting Authorities that require all verifications to
becarriedouton-site, soitisessentialtocheckwhatthe
approved method of verification is before work commences.

A meter can only be verified on-site if the system has been
setup allowing for this to be carried out. Ifameteristo be
verified off-siteinalaboratory, the verifieris likely torequire
thatasectionof upanddown stream pipe worklengthsfrom
theon-site systemalsobetakentothelaboratorytoreplicate
the in-situ conditions. It is therefore necessary to consider the
verification process when selecting the installation and pipe
work configuration for a water meter.

B2 Guidance for water permit
holders for full pipes

The following section provides guidance to the minimum
requirements for a water meter, its installation and
verification, wheninstalled in afull pipe. These requirements
are not explicitly stated in the Regulations, but are considered
necessary in order to meet the requirements that are stated
inthe Regulations. Please note thatmeeting the requirements
of this guidance section will not guarantee compliance with
the Regulations. Itis strongly recommended that water permit
holders seek expert advice to ensure that a water meter that
is able to be verified as fully compliant with the Regulations is
selected and installed.

Figure 1 presents a recommended flow diagram/decision
tree which summarisestheissuesto be considered by permit
holders when selecting and installing a meter for a full

pipe system.

Check requirements of:

Regulations
Consenting authority

Specific permit conditions

, N
\
,’ May require
—
1

I professional
\  advice

Areyouconfidentin
your competence to NO Engage
selectandinstalla — sunalIJIe
suitablewatermeter? professional
YES
7 - S a4
7 May require ", Selectandinstall
! professional  F—] water meter. See
\ advice 7/ SectionsB2.1-B2.3.
SeL - 4 l
Prepare
y - Commission the installation report
/ May require \‘ water meter system and submitto
! professional  F— and performany —Pp|  Consenting
\ advice 7/ calibration procedures. Authority if
Sell SeeSectionB2.3.9. requested.
l See Section B2.3.11.
Prepare
Engageanapproved verifi tion
verifierto verify report and submit
the accuracy of —»| toConsenting
the water meter. Authority if
See SectionB2.4. requested.
See Section B2.4.10
v
Submit
Start collecting recorded data
and recording toConsenting
measurement — Authority
data. annually and
See SectionD1. as requested.
See SectionD1.

/
7/

!

Perform a site
investigation to
identify suitable

location for meter. See
SectionsB2.3.5-B2.3.7.

!

Identify characteristics
of the water
e.g.sediment
content, algae etc

!

Figure |. Recommended decision process for permit holders with

full pipes
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B2 WATER METER REQUIREMENTS

B2.1.I WoaterMeter Accuracy

The water meter must be warranted by the manufacturer, that
it will meet the required accuracy standard, such that when it
isinstalled according to the manufacturer’sinstructions, the
in-situ determination of water volume meets the accuracy
limits as statedinthe Regulations (£5%).

The meter must be supplied from a manufacturer certified as
compliantto 1ISO 9001 —Quality Management Systems and
the meter's metrological accuracy must have been laboratory-
verified prior to installation.

The meter chosen mustalso meetthe following standards:
* 1SO4064-1:2005 and/or
* 1SO4064-1999 class B and/or
* OIML R49.1:2006 pattern approved

These standards relate to the measurement of water flow in
fully charged closed conduits (using meters) for cold water
and hot water.

B2.1.2 Water Meter Display
Thepurposeofanon-sitedisplayistoprovide areliable and
unambiguous visual indication of the real-time measurement
data. The display must have the following characteristics:

 Displays the cumulative volume expressed in
cubicmetres(m?3), with:

— sufficiently large registering range to record
cumulative volume corresponding to 1 yearatthe
maximum flowrate forwhichthe meterisrated
without passing throughzero, and

— ascaleinterval such that verification can be
completed in a practical and cost effective timeframe
onsite — the least significant digit should ideally be
small enough to ensure that the resolution error of
the display does not exceed 0.5% of the equivalent
volume passed at the minimum rated flow rate
duringa 15minute period

» Thevaluesdisplayedmustbe preciselythe samevalue
asthatrecordedin a datalogger (if installed);

» Beofasizeandtypethatiseasytoreadwithclearly
specified units;

» Capableofcontinuous measurementandtotalising;and
» Resistanttocorrosionandfogging.

Some Consenting Authorities may also require that the meter
displaythe measuredflowrateinlitres persecond (I/s)or
cubic metres per second (m?/s) with a minimum resolution

of two decimal points for verification purposes. The permit
holder is responsible for checking the requirements of the
Consenting Authority.

B2.1.3 Datalogging

The Regulations require that the meter be able to provide
data in a form suitable for electronic storage. Thisisnota
requirement to fit an electronic data logger. However, the
metermustbe capable of beingfittedwithanelectronicdata
logger, i.e. the meter must provide a suitable output signal
that can be measured by electronic dataloggers, and must
have suitable data transfer port/s.

Where a data logger is used, the data from the meter
wouldberecordedinthedataloggerforlater retrieval. It
isrecommended thatdataloggers, ifinstalled, should have
sufficientcapacitytostore nolessthanone yearof flow
data, with alogging interval of 1 hour for groundwater takes
and 15 minutesfor surface water. Always checkthe consent
conditions to ensure the equipment being installed is capable
ofmeetingtheserequirements.

Some Consenting Authorities may also require thatthe
data loggers are connected to transmission/telemetry
equipment. See Section D2 for further information about
datamanagement.

The National Environmental Monitoring Standards (NEMS)
is a suite of documents dealing with different aspects of
environmental monitoring by Consenting Authorities. The
NEMS documentonMeasurementofWater Takesindicates
how Consenting Authorities would like data to be presented
and howthey will manage and usethe data. The NEMS
document is available at: www.lawa.org.nz

B.2.1.4 Electrical Power Source

Where aninstalled meter relies on an electrical power source,
it shall have a non-volatile memory to ensure that recorded
dataisnotlostin the eventof apower or batteryfailure. The
meter must be designed such thatin the event of an external
power supply failure (AC or DC), the meter indication of
volume immediately before failure is not lost, and remains
accessible fora minimum of one year. Any other properties
orparametersofthe metershallnotbe affectedbyan
interruption of the electrical supply.

B2.1.4 Security

The Regulations state the water measurement system must
besealedandbeastamper-proofas practicable. Tampering
wouldaffectthe credibilityandhencethe usefulnessofthe
data collected. Therefore, the design and installation of the
water metering system must take into account all practicable
stepsto protectthe components of the water metering
system from intentional tampering. Thisincludes protection
devices/seals for individual components that prevent
tampering and/or indicate when tampering has occurred.
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B2.1.5 Labelling of Water Meter
Themetermusthaveaclearlyidentifiable manufacturer’s
serial number securely attached to or imprinted on the
meter. This should be located in a position that is easily
visible when taking manual readings from the meter display
unit. Any certification specific to a meter type, such as C-tick
certification for an electromagnetic meter, should also be
clearly visible.

Some Consenting Authorities may assign an exclusive
identification number for each water permit. This number,

if assigned, should also be attached to the meterin a clearly
visible manortoaidintheidentification of the meter.

The meter must also be labelled so as to show the direction
of flow, orientation and any other necessary installation
information required to achieve the required accuracy.

B2.1.6 ElementProtection

Installations should incorporate a degree of environmental
protection required to ensure reliable operation in the
installationenvironment. The environmentalenclosure
rating for the measuring mechanism of the meter should
reflectthe degree of protectionrequiredforthe installation
environment. Refer to Appendix A for more information on
environmental enclosure ratings.

B2.1.7 Materials

The metershould be manufactured from sound, durable,
corrosion resistant materials. All parts of the meter in contact
with water must be manufactured from materials that are
non-toxic and both chemically and biologically inert.

B2.1.8 Manufacturer’s Guidelines

The meter must be supplied with an installation instruction
manual from the manufacturer. The manualis to detail all
installationrequirements (e.g. rated operating flowrange and
conditions) to achieve the meter’s stated accuracy and the
type of fluid it is designed for. The manual should also detail
any maintenance activities required for normal operation
(betweenverificationtests), whether a particular maintenance
activity requires a certified maintainer, and when metrological
performance can be affected by maintenance (and therefore
requiresrecalibrationinalaboratory).

The meter should also be supplied with a wet certification
from the manufacturer, certifying the accuracy of the meter.

B2.1.9 Maintenance

The meter must be maintained in full accurate operating
conditionwheneveritisin use. Servicing and maintenance of
the meter must always be performed in accordance with the
manufacturer’s specifications. Any servicing that will affect
the accuracy of the meter must be undertaken by a service
provider approved by the meter manufacturer or agent.

Water permit holders must retain copies of maintenance
records as evidence of the service record of the meter. These
mustbe made available forinspectionwhenrequested.

B2.2 WATERMETER SELECTION

B2.2.1 Suitable for Specific Requirements
Whenselectingameter,itisimportantto considerboththe
qualityand quantity of the waterthatitwillbe measuring.
Regulationsrequire thatthe meterusedinthe measurement
of watertakeis suited tothe watertype. Duringnormal
operation, the meter must be capable of maintaining

the required accuracy for the expected water quality
(temperature/algae content/sediment content) and range of
flowratesitisbeing usedfor. Any expected orknownflow
disturbances should not cause the accuracy to deteriorate
beyond the approved accuracy range of the meter.

B2.2.2 Life-cycle Costs

Itisrecommendedthatthe permitholder considerfull life-
cyclecosts ofthe meter, notjustthe initial capital costs,
when selecting a water meter. Life-cycle costs refer to the
total costof ownership over the life of the water meter. This
includes the costs of operation (electricity/batteries etc.),
maintenance, inspection/verification and replacement/
renewal costsinadditionto the capital costof the meterand
its installation.

The costs incurred during the life-cycle of a water meter
depend on the meter type and its specific installation
parameters (location, watertype etc.). The life-cycle costs
cantherefore vary greatly. Furthermore, different water meter
technologies have different typical service lifetimes. When
considering these, the permit holder should consider the term
ofthe water permit, and the likelihood of the permitbeing
renewed after the current term expires.

B2.2.3 Water Meter Types

There are many types of water meter that meet the technical
requirementsspecifiedinthis guidance document. This
sectionoutlinesthecommontypesofwatermeterusedto
monitor flow in full pipes. The purpose of this sectionisto
give a general overview of common meter types. Itis not
intended to replace technical information or advice given by
manufacturers or suitably qualified professionals.

Table 2, onthe following page, provides a general description
of common meter types, and advantages and disadvantages
of them.
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Table 2: Common water meter types

Meter Type Description Advantages Disadvantages
Helical Vane A multi-bladed impeller with helical * Fully tested replacement mechanisms ~ + Bearings wearifthe wateris notclean.
(Mechanical) shaped blades is positioned with the usually available.

axis of rotation aligned with fl w.

Rotation of the impeller/vane triggers a

magnetic countertorecordfl wrate.
Single/ Multi Single or multiple ports surrounding * Suitablein situations where meeting » Bearings wearifthe waterisnotclean.
Jet aninternalchambercreateajet/sof minimal pipe lengths is diffi « Internal strainer usually required to prevent
(Mechanical) ~ Wateragainstanimpeller. Theimpellers . gyjtable forlowfl ws. clogging of the jet port/s.

rotationis related tothe fl wrate.
Positive Thewaterphysicallydisplacesamoving * Suitablein situations where meeting  Impurities in water cause wear to the
Displacement/ ~ measuring elementin directrelation minimal pipe lengths is diffi chamber, affecting the accuracy of the meter.
Volumetric totheamountofwaterthat passes + Suitableforlowfl ws. + Chambers require calibration and

(Mechanical)

Electro-
magnetic
Meters
(Mag-flow
meter)

Electro-
magnetic
Insertion
Meters

Reflection
Ultrasonic—
Doppler

Transmission
Ultrasonic —
Time Transit

Insertion
Paddle Wheel
(Mechanical)

through the meter. The measuring
element (piston or disk) movesa
magnetthatdrivesthe register.

Use the physics principle of Faraday’s
LawofInductionto measurefl w
withinapipe. Asensor createsa
pulsating,alternatingmagneticfi
ontheinsideofapipe. Theliquidin
the pipe moves through this magnetic
fi  and generates a signal current
proportional to its velocity.

The electromagneticinsertion meter
usesthe same principle as the mag-fl w
meter described above to measure fl w.

Doppler ultrasonic meters containa
transducerthatsendsanultrasonicpulse
intothe fl wstream. Impurities within
thefl w(such as particles, entrained

bubbles)refl ttheacousticsoundwave.

Themeterdeterminesthefl wvelocity
fromthe velocity of the impurities
whichisthen convertedtoafl wrate.

Transmissionultrasonicfl wmeters
measurefl wvelocity (andfl wrate
indirectly) by directing ultrasonic pulses
diagonally across the pipe both up

and downstream. The meter measures
the differenceintimerequiredforthe
signal to travel through the moving
water and convertsitto fl wvelocity.

Aninsertion paddle wheel fl w
meterusesapaddle wheel,inserted
intothe pipe, perpendiculartothe
fl wdirection. Asensor detectsthe
passage of magnetslocatedonthe
paddle wheel rotor blades, from
whichthefl wis determined.

Notdamaged by dirty water, stones
orgritas has no moving partsin
fl wstream.

No (orlow) head loss across meter.

Canbeusedonwide range of
pipesizes

No (orlow) headloss across meter.

Unlike electromagnetic meters,
the meter does notencompassthe
full pipe diameter therefore more
costeffectivein large pipes.

Nomovingpartsinfl wstream

Meter is easily removed for calibration
or cleaning

Not damaged by dirty water, stones or
gritas no part ofthe meterislocated
withinthe fl w stream.

Clamp on models attached to the
outside of the pipe work making
access for maintenance and

verifi tioneasy.

Canbeusedonlargediameter pipes.

Not damaged by dirty water, stones or
gritas no part of the meteris located
withinthe fl w stream.

Clamp on models attached to the
outside of the pipe work making
access for maintenance and

verifi tioneasy.

» Canbeusedonlargediameterpipes.

Relatively easytoinstallin existing
pipe systems.

Stones/gritcan pass under the
paddle wheel.

Canbeusedinlargediameter
pipe work.

replacementovertime.
Headloss acrossthe metercanbe signifi

Mains power source or long life

batteries required.

Sensitiveto ‘electricalnoise’.

Mag-fl wmeters encompass a section of
the same diameter as the pipe work in which
they are being installed, they can therefore
be costlyinlarge pipes.

Some are nottamper proof.

Mains power source or long life
batteries required.

Sensitiveto ‘electricalnoise’.

Mains power source or long life batteries
required.

Cannotbe usedin very clean water.
Fluctuating water quality (e.g. varying particle
sizes or concentrations) can introduce errors
tothe measurement.

Pipe material may interfere with the
measurementifclamp on meterused.

Mains power source or long life
batteries required

Pipe material may interfere with the
measurementif clampon meter used
Transducers canbedislodgedifnot
properly protected.
Couplantsolution betweenthe transducers
andthe pipe will deteriorate rapidlyif
exposed to the weather and requires
frequent replacement.

Verifi tionrequiredatmore

frequent intervals.

Mains power source or long life
batteries required

Sensitive to fl wdisturbancesin the system.
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Thefollowingflowchartsare designedto provide guidanceinthe selectionof awater meterforfull pipe systems. Itis
recommended that permit holders seek specific advice from their relevant Consenting Authority or local supplier prior to the
purchase of awater meter.

Flow Chart A—Is a mechanical meter suitable? Flow Chart B — Is an ultrasonic or electromagnetic
meter suitable?

Is the water quality always of high NO
qualitye.g. of ‘potable’ standard? >

l YES — | Istheresufficientspace

tomeettheminimum NO

Isamechanical meter able to NO installation requirements >
operate under the expected flow N foranultrasonicmeterto
rate range? minimise flow disturbances?

l YES l YES
Willthe head loss across a NO Arethereany sources of VES
mechanical meter be within R vibration within the vicinity )
allowable range? ofthewatermeter?

l YES A 4 l NO

Vs - - e N L
4 .
Willamechanical meter be safe no A ChG° g’ Fi ’°"7 h Does the water contain SELECTAN
from damage from instantaneous |~ 1 eith;rz ; Z‘;t:::sic ! | large particles that may ELECTRO-
high flow (e.g. at pump start up)? U E—— y affect th.e accuracy of an Mﬁ\’l(é ﬁE‘I;IC
\ — ) ultrasonic meter?
YES A L7
Sea - l NO
P N
Is there sufficient space to meet
the minimum installation require- NO SELECTAN
. > ULTRASONIC METER

ments for a mechanical meter to 4
minimise flow disturbances?

YES
l Other considerations for selection of electromagnetic

. orultrasonicmeters:
Is there any significant source NO
of vibration at the location of > » Flowrange and accuracy;
the meter? + Head loss, particularly if consideringa metersize
l YES smaller than the pipe work;

» Powersource; mains supply orlong life batteries;
* Weight of meter;

* Provision forin-situ verification;

« Data acquisition options;

« Skilllevel required for operation;

« Life-cycle costs formeter purchase, installation
and operation;

 Electrical earthing requirements.
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B2.3 INSTALLATION OF WATER METERS

B2.3.1 Accuracy Limits and Manufacturer’s Instructions
The Regulationsrequire awater meterand any ancillary
apparatus to be installed such that the meter achieves the
required in-situ measurement uncertainty of 5% of the
actual flow. Therefore, the installer is recommended to take
allpracticable stepstoinstallthe meterinsuchawayto
achieve this accuracy.

To ensure measurement accuracy, any operational limitations
identified bythe manufacturerwithrespecttothein-situ
conditions (pipework configuration and water quality, etc.)
shall be complied with.

B2.3.2 Minimum Installation Requirements

Flow disturbances can have a significant effectonthe
measurementaccuracy ofawatermeter. Flowdisturbances
canbe caused by proximity to pumps, elbow bends, valves
andchangesinpipesize.Where possible, componentsthat
might cause flow disturbances shall be either eliminated or
installed downstream of the water meter installation. In some
cases, this will not be practicable; therefore, specific attention
will have to be givento minimise any possibility of flow
disturbances affecting the accuracy of a water meter.

Ifa componentthat causes flow disturbance cannot be
eliminated or installed downstream, a minimum length of
straight pipe before and after the water meter is considered
necessary to minimise the effect of the flow disturbance on a
water meter.

The water measuring device/ water meter shall be
installed as per manufacturers specifications. These will
provide the minimum lengths of straight pipe required for
that meter.

These minimum straight pipe lengths refer to straight, clean
lengths of pipe of uniform cross-section that have the same
nominal diameter as that of the meter and have no fittings
orobstructions.

It is important to note the conditions of the consent and if
they state a more stringent requirement for straight pipe
before and after the meter you will either need to follow
the consent conditions or seek the consenting authorities
approval for a variation.

Other configurations which do not meet the minimum
straight pipe lengths stated above may be acceptable. If
another configuration is to be used, written confirmation
from the manufacturer of the water meter thatthe meterwill
operate to the required accuracy under the revised in-situ
conditionsisrequired.

Awatermetershouldnotbeinstalledinany
configuration in which the required in-situ accuracy
cannotbeachievedoraccuracy adequately verified.

Where installing a meter of the same diameter as the pipe
workisimpracticable,itisacceptabletoinstallameterwith a
smaller diameter than the pipe work (e.g.a50mm diameter
meter into 80mm diameter pipe-work) using reducers with

the correcttapers. Tominimise flow disturbance, industry best
practice requires the installation of a meter with a smaller
diameter be conditional on:

* Theuseofa6tolratiotaperfollowedbyaminimum
straight pipe length equivalentto 10 times the pipe DN
ontheintake side ofthe meter;

» The use of a minimum straight pipe length equivalent to
5timesthe pipe DN onthedischargeside ofthe meter
followedbya 6to 1 ratio taper back to the existing pipe
work; and

» Theflowmuststillbe within the specified flow
parameters of the meter.

Awatermetermay befitted onto a vertical pipe work (as
usuallyfoundinwells) provideditis certified forthat purpose
by the manufacturer of the meter endorsing its installation on
upward flow direction.

In circumstances where the meter is not located at a fixed
pointandisusedinconjunctionwithaportable pump, the
meter and associated pipe work must be connected to the
pumping equipmentwheninuse, but may be disconnected
during relocation. However it is preferable the pipework is
fixedtoeliminate vibrationand bumpswhichcould affectthe
meters accuracy.

B2.3.3 Future Verification Requirements

Verification can be carried out by a suitably accredited person
eitherin-situ orinalaboratory. If verificationisto occurin
alaboratory, the verifierislikelytorequirethatasection

of upand down stream pipe work fromthe water meter
configuration are also taken to the laboratory to replicate the
in-situ conditions.

Itis therefore necessary to consider the practicalities of the
verification process of a water meter when selecting the
installation and pipe work configuration.

The meterinstallation configuration (includingany enclosure)
must also allow removal and dismantling of the meter for
inspectionoftheinternalcomponentsbytheverifierto
ensure ongoing compliance.

Replicating the true in-situ conditions in a laboratory may be
difficult therefore onsite verification is recommended.

Thefollowing are possible arrangements that could be
installed with a water meter installation to allow for future
in-situ verification testing:
» Flowdiversiondevicestoallowwatertorunthrough
anindependentmeter (i.e.anappropriatelysized,
dedicated discharge point downstream of the meter.);

» Asectionofsuitable pipetoallowthe appropriate use
of a portable clamp-on independent meter;
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» Asectionofpipewithflangestoallowanindependent
metertobeinsertedin-line; or

» Avalveto close off the downstream system and an
outlettoallowthe ‘known volume’ (on-site volumetric
or gravimetric method) systemto be used.

B2.3.4 Installers, Maintainers and Accreditation
Although the Regulations do not require that an accredited
and approved person is used for the installation or
maintenance of a water meter, it is recommended that such
people are used for these tasks and may also constitute a
consent requirement.

Accreditationis competency based and consists of basic
training and workplace workbook based assessment. The

Blue Tick Accreditation program provides the permit holder
with an assurance that a meter installed or maintained by the
accreditedperson, willbedonesoinawaythatcomplieswith
the requirements of the regulations and consent conditions.

Forall Accredited Installation Service Providers, the
installation must be supervised or signed off by a person
that holds the NZQA unit standard — Select, install, and
commission a water meter for full pipe water abstraction.

Theinstallationconfi  ationofawatermeterinstalledbyan
accredited person must still be verifi by an accredited verifi
asmeetingtherequired accuracyas pertheregulations. While
itis good practice totestthe accuracy of the meter priorto
any water being taken, the regulations only require the meter
beverifi  priortothe end ofthe metersfi  water year.

B2.3.5 Installation Considerations

The installer should carry out adequate pre-installation

site investigation and post-installation site reinstatement

to ensure the water meter operation and accuracy is not
compromised. Practicable precautionary consideration must
be taken in the installation to prevent damage from sources
such asthe following:

* vehicles, livestock, vandalism, and flooding;

« unfavourable hydraulic conditions (cavitation, surging,
water hammer)

» shockorvibrationinduced by the surroundings;

* undue stresses caused by misaligned or unsupported
pipes orfittings;

 agressive environmental conditions (e.g. corrosive);

» possible electrical interference from electric fencing,

overhead powerlines or pipe system components such
asvariable speeddrives(VSDs); and,

» extremes of temperature of the water or
ambient atmosphere.

The following should also be taken into consideration by
theinstaller:

* Themetermustnotbeinstalledinasectionof pipe
wheretheremaybeair pocketsorthe pipe doesnotrun
full of water. Ifitis likely that air will become entrapped
near the meter, then an air valve must be installed.

» Ameterapprovedforoperationinfullflowing pipes,
shallbe installed sothatitis completelyfilled with
water under all conditions during operation. Non-
pressurised systems may require elbows or pipe
elevation to ensure that this requirement is met.

 Anyfiltering, straining or screening equipment, if
installed, mustbeinstalled onthe intake side ofthe
meter.

» Any backflow prevention devices, ifinstalled, must be
installed on the discharge side of the meter.

» Anychemicalinjection system, ifinstalled, must
be installed on the discharge side of the backflow
prevention device.

* Ametermay befitted onthe suction side of apump
provided thatitis certified for that purpose by the
manufacturer of the meter.

¢ Themetermustbeinstalledinthecorrectdirection of
flow.

*  Where the meteris to befitted to polyvinyl chloride
(PVC) or polyethylene (PE) pipelines, it must be
supported by a concrete thrust block or fabricated steel
bracingtoensure stability.

¢ Inaccordance with current consent conditions.

B2.3.6 Location of Water Meter
The water meter location must be selected with consideration
to the following:

» Metersmustbelocated atthe locationfromwhich
thewateristakenunderthe permit, orifapproved by
the consenting authority, as near as practicable to that
location.

» There must be no off-take (except those for permitted
watertakes e.g. domestic, stock water and fire-fighting),
diversion or branch between the meter and the location
fromwhichthewateristakenunderthe permit.

* Themetermustbemountedinawaythatallowsfor
both easy accessand manual reading of the display unit
(without, for example, the use of a mirror or ladder).

* Themetermustbeinstalledinalocationthatallows
for verification of the meter to occur in-situ or for the
metertobereadilyremovedtobetransportedtoa
laboratory for verification.
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The preferred location of all meters is above ground. However,
ininstances where a meter needs to be installed below
ground level, the following must be considered:

e Thecorrect|Prated meteris selected for subsurface use.

« lItshallnotbe installed deeperthan 1.5 m below
ground level;

» Theremustbe sufficientspacetofacilitate easy access
formaintenance, inspection and reading atall times;

» Meterslocatedupto0.5mbelowgroundlevelmust
be housedinasuitable meterboxto protectthe meter
whilststillallowing fullaccesstothe meter;

» Meterslocated between 0.5 mand 1.5 m below ground
levelmustinclude a suitable access pit;

» There mustbe no risk of water collecting in the access
pit/meter box. Measures must be taken to prevent the
ingress of surface water and / or provide adequate
draining ofthe access pitor meterbox. Such measures
couldinclude a concrete apron graded away froma
secure lid;

» Theaccess pit/meter box must be secure againstthe
ingressofgroundwater;and

» Any meter located below ground which meets the
definition of a confined space shall be installed so as to
comply with ASNZS 2865: Confined Spaces.

B2.3.7 Site of Water Meter and Safety

The meter must be accessible at all times to allow for manual
reading, inspection and verification. The installation of the
meter shall include the consideration of protective devices
andfittingsforthe protectionofthe equipment, operators,
the public and the environmentfrom damage and harm.

B2.3.8 Electrical Standards

Where a mains electricity supply is connected to the meter or
to any ancillary apparatus, the installation works must comply
and be operated with the relevant New Zealand electrical
standards and any associated requirements.

Ifameterreliesonmains powersourceitmustbe hardwired
toadedicatedcircuittoensurethatthe powersupplyisas
tamperproofaspracticable.

B2.3.9 Commissioning

Commissioning shall be conducted by the installer to ensure
that the meter is ready for verification and subsequent

use. The commissioning procedure willinclude the

following checks:

» Checkthatallcomponents have beeninstalled
accordingtothe specific manufacturer’'s
installation requirements;

» Checkthatthere are noleaks in the installation;
» Alltamper seals are fitted;

» Checkthatrequired calibration (ifany) has
been completed,;

» Checkthatall components are sufficiently protected
from damage; and

» Checkthatthe installation is in accordance with any
more stringentrequirements of the consenting authority.

» Checkthatthe meter is working correctly, that is, display
ison (if has one), no error displayed, deviceis reading

» Checkthatthemeterhasanelectronicoutputthat
corresponds with the recording device

» Nointerferenceisoccurringie VSD, electric fencing etc.

» Runwaterthrough meter and compare with
reference meter.

B2.3.10Maintenance Requirements

The meter installation configuration must allow for
maintenance. The meterandits ancillary equipment mustbe
periodically maintained over its working life such that there

is an acceptable level of confidence that the meter continues
to operate within its permissible in-situ measurement
uncertainty of £5% of reading. The Consenting Authority may
ask fora maintenance planto be developed based onthe
manufacturer’'s recommendations and submitted for approval.

If the maintenance activity undertaken was identified by

the manufacturer as affecting the metrological performance
ofthe meter,thenthe metermustberecalibratedina
laboratory. If the maintenance activity undertaken interferes
with the installation configuration, then in-situ re-verification
is required.

Preventative maintenance generally includes checking the
structuralintegrity of pipe-work andfittings, an assessment
of components for wear or damage, and replacement of
components at the appropriate time.

The details and findings of any maintenance/inspection works
that affect the metrological performance shall be provided
totheregulatory authority bythe service provider. A copy of
the logbook shall be kept as some Consenting Authority’s may
requesttoviewit.

B2.3.11 Submission of Installation Report
Uponcompletionofthe meterinstallation, theinstaller
should submitthefollowinginstallationinformationtothe
relevant Consenting Authority to aid in record keeping:

» Areport providing specifications of the meter
installation, signed bythe installer;

» Adetailed as-built diagram and photograph of the
installation configuration, includingdimensionsand
verification facilities provided;
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Referto the specific Consenting Authority’s forms,
alternativelythereportshouldincludethefollowing
informationasaminimum:

» The installer organization’s name, address and contact
phone numbers

* Installationdate;
» Themake, size, type, and serialnumber ofthe meter;

» Themake, size, type of any datalogger and/or telemetry
equipmentifinstalled,

e Permit holder's name;

e Consent name and/or consent number/identifier
number.

» Meterlocation description including Global Positioning
System (GPS) coordinates;

* Nameand signature ofthe installer; and

» Any other information requested by the
Consenting Authority.

B2.3.12 Installation and commissioning of

telemetry equipment

Many telemetry systems have the ability to check data while
theinstaller/verifier isonsite. Soaslongasthe
installer/verifier has cell phone coverage there will be no
problem in confirming the system is recording/transmitting
data to the host.

Loggersthatare plug-and-play sealed units are pre-
programmedinthe officeto send dataonce adaytothe
host. This preservesthe battery life. These units canbe
forced on line by the installer, so again there shouldn’t be
any problem with ensuring data is being received by the host
before the installer leavesthe site.

There are always going to be times/places where final
commissioning can’t be carried out on the day (riverin
flood so can’t pump) and therefore a second site visit may
berequired. Thekeythingthatwillhelpproblemsolvethe
commissioning is for the installer to take meter readings
before and after pumping. It is recommended to conduct
both a shorttermandlongtermtest.

Shorttermistoobservethemeterandloggertotalsover
10orsominutesandensurethat ALL countsare recorded.
LongtermistogetConsentholdertoringthroughameter
totalafterapumping period oronthe hour (recordinginterval
of the logger) and then compare the change in totals from

the last observation. (NEMS 1% tolerance). Also advocate an
annual site inspection to compare the totals.

Closing the loop between Council and data host and installer
should be case of an email to confirm data is received and in
the correctformat. Photosof meterreadingswillconfirmthe
volume of water pumped during commissioning.

Checklist for installation and commissioning of telemetry
equipment (and associated logger):

 Certify that the datalogger has beeninstalled in
accordance with manufacturer's specifications.

 anas-builtdiagram of the installation is included

« digitalphotos oftheinstallation, including metertotal
 datahostidentified and confirmed

* GPSlocation

» Confirm pulse rate of meter

 Allcablejoins are sealed with heat-shrink

» Cables have sufficient shielding to protect from
electrical noise (need electrician’s advice)

 All units are earthed/bonded properly

 Aerials are installed as high as possible and away
fromvegetation.

B2.4 VERIFICATION OF ACCURACY

B2.4.1 Purpose of Verification

Verification gives certainty that a water meter meets the
accuracystandardrequiredinthe Regulations, i.e.thein-

situ determination of water volume must have a maximum
permissible error of 5% of readingforthe full operating flow
range and conditions.

B2.4.2 Required Verification Frequency

The installed meter must be independently verified at the
times stipulated in Consenting Authority’s policy or as stated
inthe Regulations, i.e. initially after installation, and then
every 5 years or as stated on the permit.

The accuracy of all water meters must be verified every 5
years by asuitably accredited person. This can be performed
either on-site or at an accredited laboratory. However, if the
meter is verified in a laboratory, the verifier may require that
the minimum upstream and downstream pipe work lengths
required to minimise flow disturbances in the configuration
(as setoutin Section B2.3.2), are also dismantled and used in
the laboratory verification.

B2.4.3 Approved Verifiers

Verification of the meter must be carried out by a person,
whointhe opinion oftherelevantConsenting Authority that
grantedthe waterpermit,is “suitablyqualified” toverifythe
particular meter.

The verifier can be part of the relevant Consenting Authority
or an external organisation, provided that the criteria are met.

A suitably qualified person is someone that holds the NZQA
unitstandard—select, performandreportonafull pipe water
measurement system verification. The accredited verification
service provider should be registered with the Consenting
Authority as part of the accreditation application process of
thatregion.
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B2.4.4 Verification Equipment

The equipment used for verification must be suitable for
the use of verifying the accuracy of water meters. For best
practice the verification device must have a greater or equal
accuracy to the meter being verified.

Thereference devices used for verification mustalso be:

 Calibrated and certified annually to within a known
measurementerror thatis no more than £2% of reading.
This must be completed by an ISO17025 accredited
laboratory.

* Installed as per the manufacturer’s specifications

» Operated by a “suitably qualified” person registered with
the Consenting Authority.

» For flow rigs the whole rig must be sent and not
just the water measuring device (water meter).

B2.4.5 Verification TestFlowRateand Replication
Theverificationtestshouldbe conductedforthetypical
flowrate ofthe systemwithaminimum of 3replicates.
Ifthe systemsinrunatarange of flowratesthenthe
replicates should include:

¢ Low-—The minimum flowratethe water meteris
requiredto performattowithin £5% ofreading.

* High—Themaximumflowratethe watermeteris
requiredto performattowithin £5% ofreading.

* Medium — Halfway between the low and high flow rates.

The maximum flowratetowhichthe meterisrequiredto
perform is equal to the maximum water take system capacity.

B2.4.6 Verification Test Volume and Duration

A meter test must not exceed 90 minutes in duration and
typically each test should be run for a minimum of 10 minutes
atasteadyflowrate.

The verification test volume and duration should be sufficient
sothattheydonotinfluencethetestuncertainty.ldeallya
minimum initial run of 10 minutes and replicates at 5 minutes
should be undertaken with no longer than 90 minutes for a
single test.

B2.4.7 General Inspection

For all meters, itis suggested that the verification includes the
following inspection steps (as appropriate) to ensure that the
meter measurements are reliable:

* Checkthatthe meterisusedinanappropriate manner;
< Checkthatthe totaliseris non-resettable;
e Check maintenance records;

» Checkthatthe readings onthe display are clearly visible
and unambiguous;

» Check for evidence of interruption of signal transfer
betweenthe measurementcomponentandthe
recording component where data loggers or
telemetry are in use;

» Checkthat power supply is reliable (e.g. if the meter
uses batteries, thenthe expected replacement date are
marked and notyetdue);

» Checkthattamper-proofsealsareinplace
and unbroken;

» Checkthatthere are noleaks thatbypassthe
measuring point;

» Check for scaling or build-up of calcium, iron oxide
oriron bacteria;

» Check that environmental element protection from
weather and other damage are adequate;

» Checkthat meter usage is within stipulated design life
(e.g.years, cumulative volume, etc.).

» Check that the meter installation complies with
consent conditions.

B2.4.8 Verification Report

A verification report shall be issued by the approved verifier
for all meters verified. The Consenting Authority may request
acopyofthisforitsownrecords. Check with the relevant
Consenting Authority before undertaking the verification.
The verification report shall have as aminimum:

 The verifier organisation’s name, address and contact
phone numbers;

* Verification date;

» Themake, size, type,andserialnumber ofthe
service meter;

¢ Permit holder's name;
e Permit Identifier

» Meterlocation description, including Global Positioning
System coordinates (optional);

» Meterreading (m3) prior to verification;
» Meterreading (m?3) after verification;
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» Flowratestestedandindividual accuracy requirement
compliance/non-compliance for each flow rate;

 Verifi tiontestprocedureincludingallinputdataas
applicable, for example pipe thickness, water temperature;

» General inspection notes;

+ Confirmation that the reference device is currently
certified. Informationsuchasa calibration reference
number and details of the reference meter including
make, model and serial number, is available on request;

» Photographs of the verification meter installation and
» Name and signature of the verifier.

B2.4.9 Verification Methods

Anoutline ofthe methodswhichmaybe usedfor
verification is shown below. Not all of these methods are
acceptable

by Consenting Authority’s in New Zealand. A table of which
verification methods are acceptable to each Consenting
Authority is provided in Appendix D. The verifying contractor
should consultthe Consenting Authority inthe area(s) in
whichtheyintend to operate and clarify whichmethods of
verification are acceptable.

Ultrasonic Clamp-on Meter

The ultrasonic clamp-on flow meter is a non-invasive device
used to measure full pipe flow in closed conduits. These
meters are uniqueintheir ability to measure flowwith little
or no modification to existing pipe configuration although
they do require sufficient straight lengths of pipe for accurate
results and are sensitive to the flow regime of the system.
They are used extensively in the water industry to provide
measurementswherethere isno permanentlyinstalled meter
and to verify the accuracy of permanently installed meters.

Clamp-on ultrasonic meters, ifused correctly, can be used at
any flow rate.

Reference Meter In-Series (In-line or Bypass)

Areference meter placed in series with a service flow meter
is an effective in-situ verification method. With this technique
areference meterisbroughttosite andfittedtothe service
meterinstallation pipework (eitherin-line orthroughaby-
passafterthe service meter). The reference metercanalso

be located somewhere in the pipe system where hydraulic
conditions are favorable. The use of purpose built “flow rigs”
is the preferred method of verification for many Council’s
when using this technique.

Depending onthe design of the flowrig (the size and type of
reference meter being used and stability of the rig) these rigs
may not be suitable across all flow rates.

Volumetric and Gravimetric
These techniques involve either;

* Thecollection of anamountof liquid (weightor
volume)inatankwithinacertaintimeinterval;or

» Passingaknownamount(weightorvolume)throughthe
service meter and recording the time period taken for
thistooccur.

The firstmethod is accurate, but of limited practical use as
itis only suitable for very low flowrates, typically under 1l/s
(the Regulations applytotakes of 5l/'sand above). Adetailed
descriptionofthismethodisprovidedinISO8316—“Method
by collection of the liquid in a volumetric tank”.

The second method will likely be commonly used by the
municipal water supply industries as storages ofknown
volume and with level sensors, are frequently part of delivery
system design.

On-site Electronic Validation

The on-site electronic validation method is available for
anumber of electromagnetic water meters. It validates
the current functionality of the meters internal properties
(transmitters, insulationintegrity, magnetism, and digital
andanalogueoutputtest)inrelationtothe original
factorysettings (the meters properties atthe time of wet
test certification).

However, despite being an excellent method for trouble
shooting potential errors with the water meteritself,itdoes
notprovide certainty thatinstallationis within +/-5%as
required by the regulations. Therefore, electronic validation
as a standalone method is not suitable for initial verification
and must be done in conjunction with a comparative meter.
However providing there have been no changes to the pump,
headworks and distribution systemitis suited foruse as an
on-going verification mechanism.

Tracers

Forthetracer methoda pulse oftracerfluidisinjectedinto
themainflowstream andthetimetakenforthetracertopass
between two detection points is measured. The fluid flow rate
isafunctionofthetracerinjectionrate anditsdownstream
concentration. A detailed description of transit-time and the
dilution methodsis provided in1ISO 9555.
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Table 3: Verification Method Advantages and Disadvantages. Refer to Appendix D for methods accepted in the different regions.

Meter Type Advantages Disadvantages
Ultra-sonic « Eliminates in-line installation » Good installation conditions necessary
Clamp on * One meter can be used atmany locations » Electronic technician required to troubleshoot and service
* Non-invasive installation eliminates pressure losses * Mustbe confi  ed for pipeline material, diameter and
« Preventsleakingassociatedwithin-line meterinstallations wall thickness
« Portable « Internal pipe conditions are often unknown
« Canbeinstalledalmostanywhere  Turbulence and/or suspended sediment affect the acoustic
. . L signal strength
» Doesnotrequireafi  calibration ) ) )

» Needs precise geometry and dimensional data for the
clamping arrangementand pipe, plus the speed of soundin
thewedge, the pipe walland thefl

* Requiresacorrection factorto allowforvariationinthe fl w
profi

« Signalattenuation due toliner separation or scaling

« Verifi needstrainingtobe competentinmetersuse.

» Not accepted by some Authorities without prior approval

Reference Meter » Canberelativelyquickiffi  installationis confi edto » Requiresaninstallation thatcan accommodate the reference
In-Series accommodate the reference meter or there is an alternative meter (in-line or bypass) so retrofi ting may be required
location away from the service meter where the pipework . oo installation procedures and techniques are required to
isadequateandnolossesorleaksarepresent stopinterferencebythereferencemetertothefi ~ meter
* May provide an opportunity toinspectthe condition of ifin-situ
the pipeinternal surface
» Highaccuracyand controlled method
 Independenttestas notrelianton the head works setup
Volumetric and  Veryaccurate method suitable for small volumes » Notsuitablefor highfl wrates—particularly settime and
Gravimetric volume method

B2.4.10 Verification Method Error and Uncertainty
Verification is carried out to verify that meter readings are
an accurate record of the actual water flowing through

the meter. Central to the verification process is the
interpretationofthemeter'saccuracyfromtheresultsofthe
verificationtests.

The verifierwillneedtoidentify allsources of errorand
uncertainty inthe reference measurementand method
employed, including the certified error of the reference meter
(no more than +/- 1%), environmental/pipe conditions, and
inaccuracy in any input values.

There is much complexity and subjectivity in calculating
uncertainty for the verification of full pipe water
measurement. Many factors are unable to be easily or
practically determined in-situ and a sound knowledge of
statistics is also required.

Referto Appendix C for more information on understanding
and calculating verification error and uncertainty.

Ultrasonic Clamp-On Meter
Arangeofissuesneedtobeconsideredwhenassessingthe
accuracy of ultrasonic clamp on flow meters.

» Expensive toretrofi installations

 Potentially large errors associated with measurements
depending on tank characteristics, level measurement
and temperature.

Accuracies between +/-2 to +/-5% (NEL 2002) are achieved
when devices are installed properly and carefully setup in
suitable flow conditions. While there are many sources of
error, the three key ones are; the pipe’sinternal diameter,

the flow velocity profile, and acoustic interference. Under
adverse conditions, these and other factors can resultin poor
accuracies of between +/-5 and +/-10%.

Tominimise uncertainty itis desirable to have 30 pipe
diameters in length of straight-pipe section upstream of the
clamp-on meters to ensure a well-developed flow profile,
however such an approach would be impractical and costly.
Since 30 pipe diameters arerarely usedin installations atleast
10 straight diameters free of obstructions upstream and at
least 5 straight diameters free of obstructions downstream
from the meteris recommended.

A common problem in irrigation meter installations is that
an upstream unobstructed, straight pipe length cannot be
achieved and metering is often performed in a non-ideal
piping configuration. Eisenhauer (2008) from University of
Nebraska recommends the use of a bias correction to find
amore accurate flow rate in the circumstances where the
ultrasonic clamp-on meter must be installed closer than
10 diameters.
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Thefollowingisalistofissuesthatneedtobeconsidered
whenassessingthe accuracy of ultrasonic clampon
flow meters.

+ Determination of internal pipe diameter

» Ovality error

 Piperoughnesserror

» Flowdisturbanceerror

» Minimising errors due to distorted velocity profiles

» Water Temperature

 Other verification options

» Data collection

» Reference Meter In-Series (In-line or Bypass)

» On-site Volumetric or Gravimetric Method
A standard uncertainty of +/-3% is to be applied when using
clamp-on ultrasonic’s. If a greater degree of uncertainty is
thought to influence the reference measurementthen the

verifier must undertake the uncertainty calculations and
demonstrate this.

Reference Meter In-Series (In-line or Bypass)

The use of purpose built test rigs is the preferred method

of verification by many Councils when using this verification
technique. The meterisinstalled in apermanentheadworks
andthewholerigissenttoan 1SO17025 accredited laboratory
to be calibrated and verified to have a known measurement
errorthatisnomorethan+/-1%.

Any leaks between the in-situ meter and the reference meter
willalsointroduceerrorandshouldbetakenintoaccountin
any error correction calculations and the uncertainty of the
measurement. Ifthe leak is anything more than minor, then
the testmethod willneedto bereviewed.

Ifthe correctmethodologyisemployedthereislimited
humanerrorthatcanbeintroducedtothetest.

Incorrect reading of the meters when taking readings for
comparisonto limitthisitis recommended that a start/
stop method be employed when taking readings from the
two meters for comparison. This removes any human errorin
timing readings and removes the need to factor this into any
uncertainty calculation.

The following is a list of issues that need to be considered
whenassessingthe uncertainty ofthe flowrigs measurements.
» Leaks
» Airreliefvalves
* Time
* Resolution of the fixed meter
» Accuracy and resolution of the test meter

A maximum uncertainty of +/-1% for the measurement

is allowable using flowrigs. If using an error correction
calculation then the maximum of +/-1% uncertainty is applied
after the error correction has been applied.

Determining a pass and fail will be determined based on
+/-5% for the in-situ meter plus the uncertainty of the
measurement to a maximum of no more than +/- 1%)

If the uncertainty is higher than +/-1% then the methodology
needstobe reviewedand adjusted.

The verifier must, upon request from the Consenting
Authority, produce a copy of the verifier's error and
uncertainty calculations to demonstrate they have a
maximum uncertainty of +/-1% for audit purposes.

Arecommended methodology and a template for calculating
atestrigs errorand uncertainty is attached as Appendix C.

B2.4.11 Verificationand Compliance

The measurementaccuracy ofthe service metermustbe
interpreted taking into consideration the uncertainty of
thereference measurements. Forexample,ifthe verifier
ascertainsthatthe reference measurementuncertaintyis
+/-1% of reading, then the non-compliance with the accuracy
requirement will be identified if the reference measurement is
outside +/-6% of the installed meter measurement.

Uncertainty of the reference measurements mustbetaken
into consideration when determining non-compliance
because the Regulations state that the measurementbythe
metermustbewithin +/-5% ofthe actualvolumetaken
(whichisunknown), not ofthe reference measurement.

Sometimes a result may fall clearly inside or outside the
specified limit (+/-5%), but the uncertainty may overlap the
limit. Four kinds of compliance outcome are shown below.

Specified
upper limit

Specified
lower limit

A B C D

In Case A, both the result and the uncertainty fall inside the
specified limits. This is classed as a ‘compliance’.

In Case D, neither the result nor any part of the uncertainty
band falls within the specified limits. Thisis classed as a
‘non-compliance’.

CasesBand C are neither completely inside nor outside the
limits. No firm conclusion about compliance can be made.

PAGE 19 OF 45

WWW.IRRIGATIONNZ.CO.NZ


http://www.irrigationnz.co.nz/

Failed verifications
Should a meter installation fail a verification:

» Do not adjust the verification results

» The cause for the fail should be identified and corrective
action taken (head works altered, re calibration of the
existing meter or a new meter installed)

» Once the solution has been implemented the meter will
needtobe verified againto confirmitisnowreporting
within +/-5%.

In-Situ Meter Calibration.

If a maintainer wishes to undertake re-calibration of a
mechanical meter, explicit permission from the relevant
Consenting Authority must be sought before any work is
undertaken as not all will allow in-situ calibration as this may
notbefixingthereasonwhythe meterfailedits verification.

If appropriate, itis possible to re-calibrate a mechanical meter
that has failed the +/- 5% accuracy requirement in-situ, rather
than sending the meter away for calibration by an accredited
laboratory, or simply replacing the meter.

Ifthe relevantConsenting Authority allowsthistype of work
tobeconductedthenthe processofre-calibrationwould
generally occur at the time of verification and involves
“finetuning”the performanceofthemeterinquestionand
re-verifying to prove the required accuracy standards have
been met.

The process of re-calibration must be undertaken by a suitably
qualified practitioner using an approved and calibrated
verification process.
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Section C: Water Measurement Systems
for Open Channels and Partially Full Pipes

C1 Section Introduction

Cl.I  SECTION SUMMARY
Measurement of flow in open channels and partially full pipes
differs considerably from measurement of flow in full pipes.
Ingeneral, for water takes in open channels and most partially
full pipes:
+ Siteconditions playaveryimportantpartinthe
determining whether a measurement system is suitable.

* Insitu calibration is crucial to ensure that the system
foropen channels and partially full pipes can measure
tothe required accuracy.

» Frequent inspection and maintenance are essential for
continued reliable operation.

» Specialistexpertise maybeinvaluable, especiallyfor
complex sites.

This guideline document is intended to provide a useful
consolidated summary of information about meeting the
requirements ofthe Regulations. Wherethe requirements
ofthe regulations are discussed, the prescription of
measurement methods is intentionally avoided so as to allow
for future innovationin measurement methods.

The end of the section contains guidance information

on measurement methods that may be suitable for open
channels and partially full pipes. While this information can
assist permit holders, it is not intended to be a substitute
for specific professional advice and installation expertise,
especially forcomplexsites.

Consent conditions should be referred for additional
measurementrequirements and ifthe specifications outlined
inthe NEMS standards are required. This standard will in
general require a higher level of accuracy and monitoring than
that of the Regulations and detailed in this document.

Cl.2  SECTION STRUCTURE

Section C ofthis document covers water measurement
systems for measuring the volume of water abstracted by
amethodotherthanbyafull pipe,i.e.byopenchannelor
partially full pipe abstraction.

Section C2 covers the minimum requirements and associated
best practice recommendations for all water measurement
systemsinopenchannelsand partially full pipes. These
requirements and recommendations allow forawide range

of site conditions, and for new measurement methods that
may be developed in the future. This section is relevant for all
permit holders to which the Regulations apply.

Section C3thenoutlinesthe required verification process
whichis the primary means of quality assurance and the
main process for assessing compliance with the accuracy
requirement of the Regulations. All permit holders to
which the Regulations apply should be aware of the
process involved.

Sections C4and C5 containguidanceinformationon
measurement methods that may be suitable for open
channelsand partially full pipes.

Cl.3  ASSESSMENT OF THE TASK

Openchannelflow measurementis generally more complex
than full pipe flow measurement because site conditions may
haveasignificanteffect. Reliable flowmeasurementinvolves
carefullyselectingasuitable measurementsite, constructing
and calibrating an appropriate control section (generally with
aflow restriction such as a weir or flume) and accurately
measuring the upstream water level. Itis unlikely that these
requirements can be satisfied by the installation of a self-
contained, off-the-shelf ‘water meter’.

Similarly, water measurement devices suitable for full pipe
flow generally cannot be used to accurately measure partially
full pipe flow.

The size ofthe watertake (both physical dimensions and
expectedflowraterange)will affectthe choice of water
measurement system. No single measurement system would
suiteverywatertake. Forexample,ameasurementsystemfor
ab5lL/swatertakemaynotbe suitableforlarge flowratesused
in power generation or an entire irrigation scheme.

Allaspects of the measurementsystem, includingits
complexity, cost and inspection/maintenance frequency
should reflect the size of the take. The larger the water take,
the greaterthe importance of data accuracy, and the greater
theriskifthe systemdoesnot provide informationatthe
scale and resolution required.
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Cl.4 THE NEED FOR SPECIFIC CONSIDERATIONS
Because every open channel watertake is different, the water
measurement system must be tailored to meet the specific
characteristics and requirements of the watertake. Selection
and installation of a measurement system without first
considering these specific site issues is unlikely to provide an
acceptable water measurement system.

Fourkey stepsare required before choosingandinstallinga
measurement system:

1. Checkthe flow rates and conditions stated
inthewater permitissuedbytherelevant
Consenting Authority;

2. Check any related water measurement requirements
from the relevant Consenting Authority
(the Regulationsallowmore stringentrequirements
to prevail);

3. Check Section C2 of this document for minimum
requirements based on the Regulations; and

4. Performathoroughsiteinvestigation.

Requirementsissuedbythe relevantConsenting Authority
(including conditions stated in the permit), and requirements
inthe Regulations mustbe consideredtogether. The more
stringent requirement prevails.

Cl.4.1 SiteInvestigation

Thorough site investigation is a critical factor for the
successfulinstallation ofwatermeasurementsystemsin
open channels. Poor site investigation may lead to poor
siteselectionand systemdesign. Siteinvestigationshould
consider factors including:

» Channel gradient and shape;
» Therange of expected flow rates;

» Theimpact of backwater effects (other water bodies or
structures affecting waterlevel);

» Expected sediment/debris load (e.g. branches, silt, etc.);
» Expectedweedandalgalgrowth;

 Possibilityof strongwind affectingmeasurements;

» Migratory fish passage requirements;

» Allowable head loss across the measurement system,;

* Possible ice/snow;

* Ability of the upstream channel to contain increased
water levels caused by the measurement system;

» Accessibility of the site; and

« Site constraints that would affect measurement
system layout.

The selection of the measurement site, the design of the
measurementsystem,andthe long-terminspectionand
maintenance requirements of the system must all take into
account the outcomes of the site investigation.

System and site selectionrequire experience; therefore, itis
recommended that professional expertadviceissought. The
diversity of site and take characteristics mean that there is no
one standard approachthat can be adopted.

C1.4.2 Considering Possibility of Conversion to

Full Pipe Flow

Measuring flows in open channels or partially full pipesis
generally more complex and costly than flows in full pipe.
Consideration should therefore be given to the possibility of
convertinganyopenchannelorpartiallyfulltakeintofull
pipe flow. Insome casesthis might be easierand cheaper,
particularly from a life-cycle cost model perspective because
of the lower ongoing maintenance requirements of full pipe
flow measurement systems. Conversion to full pipe flowis
commonly achieved by incorporating an inverted siphon
inapipe—eitheras partof existing pipedinfrastructure or
added to an open channel take. This would then allow the use
ofametersuitable forfull pipe flow. If such configurations
are used, then the relevantguidelines are detailed inthe
Section B: Guidance on Water Meters for Full Pipes.

CL5  TRAINED INSTALLERS

The permit holder should be aware that there are trained
professionalinstallers and suitably qualified hydrologists who
have specialistexperienceinthe design, installationand
maintenance of measurement systems for open channels and
partially filled pipes. Some Consenting Authorities may also
require the use of selected approved installers only.

The Regulations, however, do not specify who are permitted
to install measurement systems, and do not require the use of
an approved installer.

Cl.6 LIFE-CYCLE COST MODEL

When considering options, it is recommended that the
permitholdertakesintoaccountthelife-cycle costs ofthe
measurementsystem, and notonly the initial capital costs.
Thelife-cycle costreferstothe total costof ownership over
the life of the water measurement system. This implies that
costoptimisationshouldconsidernotonlytheinitial capital
cost, butalso operational, inspection, maintenance/repair,
re-calibration, and replacement/renewal costs.

For example, choosing a measurement system that has the
lowestinitial capital costs but does not suitsite conditions
might lead to greater overall costs in the long term. Similarly,
if site conditions require the professional expertise but the
permit holder chooses not to seek any help, overall costs
might be higher if the measurement system fails verification
and then requires modification or an entirely different system.

PAGE22 OF 45

WWW.IRRIGATIONNZ.CO.NZ


http://www.irrigationnz.co.nz/

Permit holders should also be aware that the required
frequency ofinspection, maintenance and re-calibration
depends onthe type and robustness of the measurement
system, and site conditions. More frequent requirements for
inspection, maintenance and servicing canadd significantly to
a system’stotal life-cycle cost.

Furthermore, different measurement system technologies
have different typical useful service lifetimes. When
considering these, the permit holder should considerthe
duration of the water permit, and the likelihood of the permit
being renewed beyond the current permit term.

C2 Water measurement system
general considerations

This sectionoutlines the minimumrequirements and
associated bestpractice recommendations forwater
measurement systems used for open channels and partially
filled pipes.

Allwatermeasurementsystemsforopenchannelsand
partially full pipes, regardless of whether they are based on
technigues suggestedin this guideline document or not, must
meet the requirementsin this section.

C21 ACCURACY

C2.1.1 Interpretation of Accuracy Requirement

Forflows in open channels or partially full pipes, the
Regulations state that the continuous water measurement
records to be provided must be kept using a system that
measuresthevolumeofwatertowithin+10% oftheactual
volumetaken. Thismeansthatwhenthe watermeasurement
systemisinstalled, the in-situ measurement of water volume
hasamaximum permissible uncertainty of £10% ofreading
over the entire range of expected flow rates under the
specific site’s operating conditions, to a confidence level

of 95%. In other words, 95% of instantaneous volumetric flow
rate measurements are within £10% of the true volumetric
flowrate. Referto Appendix Cformoreinformation onhow
accuracy compliance is determined.

Verification of this accuracy is covered in Section C3. The
accuracy verification will be the primary means by which
compliance or non-compliance with this requirement

is established. However, the requirement for the water
measurementsystemto continuously provide accurate data
leads to other implied obligations.

C2.1.2 Suitablefor Specific Site
Thewatermeasurementsystemmustachievetherequired
measurementaccuracy for the specific site conditions and the
entire range of expected flow rates. The Regulations also state
that the water measurement system must be suited to the
qualities of the water itis measuring (including temperature,
algae content, sediment, pH, conductivity and any other
relevantwaterquality characteristics). Noreasonably expected
disturbances should cause the accuracy of the measurement
system to deteriorate beyond the permitted limits.

Therefore, athoroughsiteinvestigation (describedin
Section C1.4.1) must precede the selection/design and
installation of awater measurement system.

Furthermore, the water measurement system must meet the
conditions of the water permitand the requirements by the
relevant Consenting Authority.

C2.1.3 Flow Disturbances
Toachievetherequiredaccuracy, considerationshouldbe
given to eliminating flow disturbances (or if not practicable,
then minimising their effect) when designing the water
measurement system and selecting its location.

Thewatermeasurementsystemshouldbelocated such

that anything that can cause flow disturbance is sufficiently
far upstream or downstream of the water measurement
system to minimise its effect. Note that flow disturbances
canoftenhaveaneffectwellbeyondthelengthsusedinthe
following standard good industry practices, but they would
be minimised.

Open Channel Systems

Inopenchannels, flowdisturbances canoccuranywhere
there is a change in flow direction, channel width, or water
depth. Good industry practice generally requires that the
water measurement system has a minimum straight upstream
channellength with no flow disturbances equivalentto 10
times the channel width. The appropriate management of
flow disturbances immediately downstream depends on the
specifictype of watermeasurementsystemused.

Partially Full Pipe Systems

In partially full pipes, flow disturbances are generally caused
byfittings suchas valves, bends orjunctions. Good industry
practice for partially full pipe systems requires that the water
measurementsystem has sufficientstraight pipe lengths with
no flow disturbances (what is a sufficient length will depend
on the specific situation).
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C2.1.4 InSitu Calibration

Calibrationis the process of checking and adjusting the
measurement system (including its measurement parameters
andratings)toachievetherequired accuracy.Calibration
isnottobe confusedwith verification, whichisaformal
assessmentofthe watermeasurementsystemforcompliance
with the accuracy requirement of the Regulations (coveredin
Section C3). Calibration mustbe performed in situ (without
removing the system)to ensure thatthe accuracy takes
installed (on-site) conditions into account.

In situ calibration must be performed as soon as
practicable after;

 installation,

+ any maintenance/repair work that may affect the
system’s calibration parameters, and

» anysignificantflood eventor channel disturbances.

Inaddition, periodic, planned calibration checks are required
to ensure thatthe measurement system continues to achieve
the required accuracy. The frequency of planned calibration
checks should depend on the specific site conditions, and
the type and robustness of the system. Permit holders

are strongly recommendedto seek professional advice to
determine a suitable calibration frequency. Some Consenting
Authorities may also require a range of flows or a minimum
number of calibrations to be performed annually for open
channel systems.

Permitholders mustalso keep calibration records which
include the magnitude ofratingchanges (i.e.whatchanges
hadtobe made), dates ofthe changes, and any reasons for
thechanges. These mustbe made availableforinspection
when requested by the relevant Consenting Authority

Any suitable technique may be used to calibrate the water
measurement system. Currently, calibration normally involves
taking flowrate measurements using another device or system
ofknownaccuracy and usingthese measurementsto calibrate
the water measurementsystem. Measuringthe flowrate can
be done using a variety of methods, including bucket-and-
stopwatch volumetric measurement (measuring time tofill a
container of known volume) and the velocity-area method
(using a current meter to measure velocity at several locations
acrossthe channel). Othertechniques maybe developedin
the future.

In general, increasing the number of calibration points will
increasethe overallaccuracy ofthe measurementsystem

(e.g. more stage-discharge data points provide a more accurate
stage-discharge rating). Thisaccuracy isassessed during

the formal verification processes, as well as the regulatory
complianceinspections by the Consenting Authority.
Therefore, itisimportantto use asufficientnumber of data
points, which depends on the measurement systemand the
expected range of flow rates.

C2.1.5 Inspection and Maintenance

Tocontinuetoprovide recordswhich complywiththe
Regulations’ accuracy requirement, the water measurement
systemmustalsoberegularlyinspected and maintained
throughout its operational life. As with calibration, the
frequency and thoroughness of the inspection and
maintenance work must suit the specific site conditions and
type ofinstalled water measurement system, such thatthere
is an acceptable level of confidence that the system continues
to operate within its permissible in situ measurement
uncertainty of £10% of reading. This isimportant to ensure
the integrity of the water take measurement data. Therefore:

* Theinstalled configuration of the water measurement
system must allow for its maintenance;

* The permitholder mustensure thataregular
maintenance planis developed (and submitted for
approvalif required by the relevant Consenting
Authority); and

* The permit holder must ensure thatall planned
maintenance and necessary repairs are performed in a
timely manner by appropriately qualified persons.

Permitholders mustretain copies of maintenance records
as evidence of the service record of the water measurement
system. Thesemustbe made availableforinspectionwhen
requested by the relevant Consenting Authority .

Servicingand maintenance of any proprietary components
(e.g. sensors) must always be performed in accordance with
the manufacturer’s specifications, normally by a service
provider approved by the component manufacturer or agent.
Preventative maintenance generally includes an assessment
of components for wear or damage, and replacement of
components at the appropriate time.

For open channel water measurement systems, maintenance
normally includes:

» Checksforwaterleakage/diversionthatbypassesthe
control section (that would, therefore, not be measured)
and associated repairs;

» Keepingthe approach channeland control section free
of debris, deposition of silt and bed material, twigs,
algae, weeds/vegetationandice;

» Checkingthe approach channelforerosionand
subsidence; and

» Checking any water level measurements against a
referencelevelsuchasastaffgauge andadjusting
ifnecessary. The staffgauge should be periodically
checked againstsurvey benchmarks.

For partially filled closed conduits, preventative maintenance
normally includes checking for structural integrity of pipe-
workandfittings,and removingany debrisandblockages.
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C2.1.6 Evidence of Maintenance and Calibration
Maintenance and calibration records (covered in Sections
C2.1.4and C2.1.5) provide evidence of efforts to ensure
continued compliance with the accuracy requirement of the
Regulations.

In the event that a measurement system is found to be non-
compliant during verification or spot checks, the relevant
Consenting Authorityislikelytoconsiderthe suitability of
the calibration and maintenance frequenciesin deciding
whether all practicable steps have beentakento ensure
thatthe system continues to achieve the required accuracy.
Furthermore, the frequency of spot checks by the Consenting
Authority s likely to be influenced by the suitability of the
maintenance and calibration frequencies.

Aspreviously highlighted, the required maintenanceand
calibration frequencies depend highly on the type and
robustness of the system, and site conditions.

C2.2 MEASURING RANGE CAPABILITY

TheRegulations state thatthe watermeasurementsystem
must be able to provide records pertaining to the continuous
measurement of the water taken under water permit,
including water taken in excess of what the permit allows.
Therefore, the watermeasurementsystemmustbe capable
of accurately measuring the entire range of expected flow
rates, i.e. notonly uptothe flow rate specifiedinthe water
permit, but what the conduit would be reasonably expected
to convey (based onintake structure or system capacity).

C23 LOCATION

The Regulations require that water measurement systems
be installed atthe location from which the water is taken
underthe permit, orif approved in writing by the relevant
Consenting Authority, as near as practicable to that location.
Thereforeif, forexample, a site investigation establishes that
the actual measurementsite needs to be somewhere other
than the abstraction point specified in the water permit,

the permit holder must apply to the relevant Consenting
Authority for approval.

Because the intention is for all water taken under the water
permit to be measured, there must be no off-take (except
those for permitted water takes e.g. domestic, stock water and
fire-fighting), diversion or branch between the location from
which the water is taken and the water measurement system.

C2.4 RECORD KEEPING

The Regulations state that the permit holder must keep
records comprisingmeasurements (incubic metres) ofthe
volume of water taken each day, or each week if granted
approval in writing from the relevant Consenting Authority.
The responsibility of ensuring that records are keptand
reportedtotherelevantConsenting Authority lieswiththe
permit holder (but they can be done by a representative of
the permit holder). The requirements relating to the form of
records keptis outlined in the Guidance for Consent Holders
on DataManagementin SectionD.

Therelevant Consenting Authority may also require more
frequent volumetric measurements to be kept (for example,
instantaneous flow rate every 15 minutes) overand above the
Regulations’ requirements.

C2.4.1 Electronic Data Logging Capability

The Regulations state thatthe watermeasurement system
mustbe able to provide datainaform suitable for electronic
storage. This is not a requirement to fit an electronic data
logger. However,the water measurementsystemmustbe
capable of being fitted with an electronic data logger, i.e. the
watermeasurement systemmusthave suitable output data
ports and have a signal output that is suitable for electronic
dataloggers.

Therefore, unlessthe relevant Consenting Authority hasmore
stringentrequirements, the permit holder may manually read
and record the cumulative water volume taken and the time
ofreadingon paper. There are, however, various problems
associatedwithmanualrecordson paper:

» Thereis a possibility of error when they are
initiallywritten;

« ltisdifficult forthe relevant Consenting Authority to
analyse and manage the data withoutfirst copying
them onto an electronic spreadsheet; and

» Thereisapossibilityof erroriftheyare copied onto
an electronic spreadsheet.

Forthesereasons, althoughnotrequired bythe Regulations,
some Consenting Authorities may require permitholders
touseof electronicdataloggers as partofthe water
measurement system. Electronic data loggers store the
measurementrecords for later retrieval. Where dataloggers
are used, itis recommended that they have sufficient capacity
to store data for no less than 1 year of flow measurement data
(atthe frequency required by the Consenting Authority).

Some Consenting Authorities may alsorequire thatthe
electronic data loggers are connected to telemetry
equipment. Telemetry allows:

 quick detection of data logger failure, thus reducing the
problemofmissingrecords;and

« real-time resource management and compliance
monitoring.
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C2.4.2 Preventing Lost Data

The permit holder must take all practicable steps to prevent
lost data. If the water volume is not read manually, the records
are usually stored on or off site by the water measurement
system.Wherethe watermeasurementsystemreliesinany
way on an electrical power source, it must have a non-volatile
memory. This is to ensure that recorded data is not lost, and
remains accessible for a minimum of one year, in the event of
apowerorbatteryfailure.

There should bereasonable backup battery powerfor all
systems to ensure that water measurement and recording
continues in the event that the primary power source fails.

Tofurther prevent missing data records, the permit holder
should ensurethatthe water measurementsystemis
frequently checked to ensure that it is still recording data.

C2.4.3 Record Reporting

The Regulations state that the permit holder must provide
recordsthatcover eachwateryear ofthe permittothe
relevant Consenting Authority no later than one month after
theendofthewateryear. Thisrequirementisadditionalto
any requirements by the relevant Consenting Authority to
provide records that cover a different period or periods.

The permit holder must be able to obtain measurement
records from the water measurement systemin a form
suitable for reporting to the relevant Consenting Authority.
Therequirementsrelatingtothe formofrecordsprovidedto
the relevant Consenting Authority is outlined in Section D.

Tocheck the reliability of the measurement records, the
Regulations state thatthe relevant Consenting Authority
may request evidence from the permit holder that the
water measurement systemthatkeptthe recordshasbeen
verifiedasaccurate,i.e.averificationreportas described
inSectionC3.11. The permitholder mustprovidethe
relevant Consenting Authority with the evidence as soon as
practicable after receiving the request. Although not covered
bythe Regulations,some Consenting Authoritiesmayalso
require more data (e.g. water level records) from the water
measurement system to validate the accuracy of the flow
measurement records.

C2.5 ALLOWING FOR VERIFICATION

The Regulationsrequire accuracy verification of water
measurement systems. Therefore, the design and installation
of the water measurement system must facilitate the in situ
verification process.

Foropenchannels, the verification facilities required depends
onthetype of measurementsystemused. Due consideration
must be given to ensure that the configuration of the system
facilitatesverification.

For partially filled closed conduits, possible configurations
that may be installed to facilitate verification include:

 Flow diversion devices to allow volumetric
measurementortoallowwatertorunthroughan
independent measurement system; or

» Asectionofpipewithflangestoallowanindependent
measurementsystemtobeinsertedin-line
(with sufficient pipe lengths on each side).

Unless there can be sufficient confidence thatin situ
conditions can be replicated, verification should be
performed in situ instead of in a laboratory.

With further technological innovation and its availability,
Consenting Authorities may also permit other verification-
facilitating configurations.

C2.6 SECURITY

The Regulations state the water measurement system must
be sealedandbe astamper-proofas practicable. Tampering
would affect the credibility and hence the usefulness of

the data collected. Therefore, the design and installation

of the water measurement system must take into account
allpracticable stepsto protectthe components ofthe
watermeasurementsystemfromintentionaltampering. This
includes protection devices/seals for individual components
that prevent tampering and/or indicate when tampering
has occurred.

Where itis impracticable to make the entire system tamper-
proof because of the configuration of the system (this is likely
formostopen channelwatermeasurementsystems), the
relevant Consenting Authority may perform more frequent
random checks to discourage tampering. However, even when
the entire system cannot be made tamper-proof, individual
components that can be made tamper-proof must be made
tamper-proof.

In addition, the design and installation of the water
measurement system should consider the protection of
operators, the public and the environment from harm from
the system.
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C2.7 OTHER CONSIDERATIONS

There are other requirements that are not directly related to
the Regulations, but are important for the long-term integrity
ofthe watermeasurementsystemandthe measurement
recordsitprovides. These are coveredin AppendixB.

C2.8 COMMISSIONING

Commissioning must be conducted at the end of installation
to ensure that the water measurement systemis ready

for verification and subsequent use. The commissioning
procedure will include the following checks:

» Checkthatall components of the water measurement
systemhavebeeninstalled correctly;

» Checkthatthe entire flow passes through the
measuring point;

» Checkthatall required calibration has been completed;

¢ Checkthatthe correct software has been installed and
configuredinthe central processing unit; and

» Checkthatall components are sufficiently supported
and protected from damage.

C2.9 SUBMISSIONOFINSTALLATIONINFORMATION
Uponcompletionofthe commissioningofthe water
measurementsystem, the installer (whichmaybethe
permitholder) mustsubmitwithin one monththe following
installation information to the relevant Consenting Authority:

1. Aninstallation commissioning report describing the
watermeasurementsystem, signedbytheinstaller;
and

2. A photograph and a detailed as-built diagram of the
installation configuration, including dimensions and
verification facilities.

The installation commissioning report should contain at least
the following information:

» Permitholdersname andwater permitnumber;
» Commissioning completion date;

 Briefdescription of the type, dimensions and
identification/serialnumber (ifany) of the water
measurement system;

» Location description and GPS coordinates of the water
measurement system;

» Theinitial reading (mq) at the time of commissioning;

» Name and signature of the installer; and

» The installer organisation’s name, address and contact
phone numbers.

If any major repairs/reconfigurations that alter the system
layout are subsequently performed, updated information must
be submitted to the relevant Consenting Authority.

C3 Verification

This section outlines the key features of the verification
processwhichformsthe primary meansofquality assurance
andthe mainprocessin assessing compliance withthe
accuracy requirement of the Regulations. It does not contain
the full breadth of information required by verifiersfor the
wide range of different systems; this is better covered in
detail in propertraining courses. Instead, it lays down the
basic features for the verification process to give sufficient
confidence thatverified water measurementsystems provide
accurate, quality watertake data.

C3.I  PURPOSE AND SCOPE OF VERIFICATION
Verification gives confidence that the water measurement
systemmeetsthe accuracy standard requiredinthe
Regulations, i.e. the in situ measurementof watervolume
has an uncertainty of no more than £10% of reading for the
entire range of expected flow rates under the specific site’s
operating conditions, to a confidence level of 95%.

Although verification and calibration may involve similar
techniques, they aretwo differentprocesses. Calibration,
which is covered in Section C2.1.4, involves periodic
checking and adjusting of measurement parameters and
ratingsto enable accurate volumetric measurements by the
watermeasurementsystem. Verification, whichiscovered
inthis section, involves formal assessment of the water
measurementsystemforcompliance withthe accuracy
requirementofthe Regulations.

Verification also differs from regulatory compliance
inspections. Verificationinvolvesthe permitholderengaging
a verifier approved by the relevant Consenting Authority.
Onthe other hand, a regulatory compliance inspection
typically involves a representative of the Consenting
Authority contacting the permit holder for a visit at short
notice to discourage intentional tampering, poot/infrequent
maintenance, misreporting of data and non-compliance with
the Regulations.

C3.2 APPROVED VERIFIERS

Verification of the water measurementsystems mustbe
carriedoutbyaperson,whointhe opinionoftherelevant
Consenting Authority that granted the water permit, is
suitably qualified to verify the particular measurement system.

The verifier can be part of the relevant Consenting Authority
or an external organisation, provided that the criterion is met.
Some Consenting Authorities may also require thatthe verifier
was not involved in the installation nor provided any advice
tothe permitholder.
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C3.3 REQUIRED VERIFICATION FREQUENCY
Theinstalled water measurement system mustbe verified on
site atthe times stipulated inthe Regulations, i.e.:

L. Initially, after commissioning but before end of the
firstwateryear,

2. Subsequently, at least every 5 years.

For example, if the first verification is performed on
1March2013,the second verificationmustbe performed
nolaterthan1 March2018. The second verification may be
performed earlierthan 1 March 2018, e.g.on 1 March 2017;
however, ifthisis done,thenthethird verification mustbe
performed by 1 March 2022,

Although notrequired by the Regulations, some Consenting
Authorities may require more frequent verifications for some
open channel measurement systems.

C3.4 REFERENCE MEASUREMENT EQUIPMENT

The key part of the verification process involves taking
reference measurementswithwhichthe measurementsfrom
the watermeasurementsystemcanbe compared.

The equipment used to for reference measurementas part
of the verification process must be suitable for verifying
the accuracy of water measurement systems. The reference
devices used for verification must be:

» Maintained and calibrated to within a known
measurement uncertainty that is no more than +2% of
reading at 95% level of confidence;

* Ifrequired, the equipment shall be tested and certified
yearly by an ISO 17025 or 9001 accredited laboratory;

» Usedwithin the normal purposes and range for which
they were certified; and

» Operated by atrained and certified person.

Current meters should be calibrated in accordance with
ISO 3455, and recalibrated whenever their performance
is suspect.

C3.5 TEST VOLUMES

The minimum reference measurementvolume foreachtest
depends on the resolution of the real-time flow data available
(either through an installed on-site display or alternative
means). The testvolume must be sufficiently large to allow
the flow rate to be measured with minimal error associated
with reading the data.

C3.6 TEST FLOW RATES
The verifierwill decide the number of flow rates to be tested
based onthe measurementsystemtype and site conditions.

The verifier will typically alter the flow rates, e.g. using a gate
for open channels or using a valve for partially full pipes. The
flowratesforeachtestwill be setbythe verifier, but should
consider the full range of expected flow rates, for instance:

« Alowflow rate —e.g. 1.2 X (the minimum expected
flow rate to be measured);

* Ahighflowrate —e.g. 0.9 X (the maximum expected
flowrate); and

* Amediumflowrate—halfwaybetweenthe
lowandhighflowrates

For more critical water takes with high flow rates, the verifier
may choose to perform sufficient tests (normally no less than
5) tocheckthattheratingis correct.

C3.7 VERIFICATION METHODS FOR OPEN CHANNELS

C3.7.1 Bucket-and-Stopwatch Volumetric Measurement
Bucket-and-stopwatch volumetric measurements have the
highest potential for accuracy. Where there is sufficient
falland a suitable structure, the bucket-and-stopwatch
volumetric method may be suited. However, there are many
situations where this is not applicable.

This method involves direct measurement of the time taken
to fill a container. There are practical limitations with respect
to manageable container size and sufficientfilling time to
provide accuracy. Therefore, this method is often not suitable
forflowsgreaterthan 10L/s.

There aretwo general proceduresthatcan be used:

» Positionacalibrated containertocollectflow
discharging from the weir/flume, and simultaneously
starting a stopwatch. Stop the stopwatch when the
watervolume reachesthe calibration volume mark.
Dividethe calibration volume bythefillingtime to
determine the flow rate.

» Position an uncalibrated container to collect flow
discharging from the weir/flume, and simultaneously
starting a stopwatch. Stop the stopwatch when the
container is nearly full. Transfer the collected water into
a calibrated container and measure the collected water
volume. Dividethecollected watervolume bythefilling
timeto determine the flowrate.

The container used for collecting water should be sufficiently
large such thatthe filling time is at least 10 seconds (for more
accuratefillingtime measurement). The calibrated container
should be of a suitable shape to allow for accurate reading.

Where practicable, for each flow rate test, the verifier should
repeat the measurement for a sufficient number of times
(atleast 10) to calculate the mean and standard deviation of
the measured flowrate.

The measured flow rate is then used as a reference flow
rate againstwhichtheflowrate measured by the water
measurement system can be checked.
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C3.7.2 Velocity-Area Method

Thevelocity-areamethod canbeusedtoverifytheflow
rate, especially where bucket-and-stopwatch volumetric
measurement method is not practical and/or not sufficiently
accurate. This method generally involves:

 Using a current meter to measure the velocity at
locations or ‘verticals’ spaced across the channel width;

* Measuring the water depth at each vertical, atthe same
time as measuring velocity; and

 Calculatingtheflowratefromthevelocitiesand
waterdepths.

Theuseofacurrentmeterwillrequirethe expertise ofa
suitablytrained person. The flow measurementshould be
undertaken in accordance with ISO 748.

C3.7.3 Alternative Reference Measurement Method
Alternative reference measurement methods are
acceptable provided that they are approved by the relevant
Consenting Authority.

C3.8 VERIFICATION METHODS FOR PARTIALLY
FULLPIPES

Based on the in-situ verification facilities outlined in
Section C2.5, verification would involve:

» Volumetric measurement of water taken via a flow
diversion device (similar procedure to Section C3.7.1), or

 Using an independent measurement system, measuring
water taken via a flow diversion device or inserted
in-line.
The verification procedure for partially full pipes would
depend on the specific verification method used, which in
turn depends on the in-situ verification facilities provided.

C3.9 DETERMINATION OF MEASUREMENT

ACCURACY COMPLIANCE

Central to the verification process is the interpretation of
the measurement system’saccuracy fromthe results of the
verification tests. The results of the tests should not be
generalised because the measurement system’s measurement
accuracy would be affected differently at varying flow rates.

The verifier will need to identify and combine all sources

of uncertainty in the reference measurement. While the
reference/verification equipment used should have a certified
uncertainty of no more than £2% of reading at 95% level

of confidence, the combined uncertainty at 95% level of
confidence may be no more than +5% of reading.

The accuracy compliance ofthe installed water measurement
system should be interpreted in consideration of the
combined uncertainty of the reference measurement.
Uncertainty of the reference measurement systemmustbe
takeninto consideration when determining non-compliance
becausethe Regulations statethatthe measurementby

the water measurement system must be within £10% of
the actual volume taken (which is unknown), not of the
reference measurement.

Referto Appendix C foramoreinformationonhow
measurement accuracy compliance is determined.

C3.10 SITEVERIFICATION

Reference measurements allow a ‘snapshot’ verification of
the accuracy of the watermeasurementsystem. Inspection of
the water measurement system during the verification
process will not guarantee thatthe water measurement
systemwill continue to provide accurate measurements
between verifications, butitwillhelp promote thatoutcome
andhighlighttothe permitholderany problemsthatneedto
be addressed.

Therefore, forallwatermeasurementsystems, verification
should include the following inspection steps to evaluate the
integrity of the water measurement system:

» Checkthatthe watermeasurementsystemisusedin
an appropriate manner

¢ Checktheoverallcondition of the water
measurement system;

¢ Check that the submitted installation information is
correctandstilluptodate;

» Check the water measurement system against the
installed benchmarks (e.g. level measurement checked
against the staff gauge reading)

» Check preventative maintenance plans and
maintenance records;

» Check the channel for scourffill and weed/algae
growth;

» Check the system for damage;

» Check for evidence of interruption of signal transfer
between the sensor(s) and central processing unit;

» Checkthat power supply is reliable (e.g. if the water
measurement system uses batteries, then the expected
replacementdateis marked and notyetdue);

» Checkthatthe systemhasbeen made astamper-proof
as practicable, and where installed, that tamper-proof
seals are in place and unbroken;

» Checkthatthere are noleaksthatbypassthe
measuring point;

» Check for scaling or build-up of calcium, iron oxide or
iron bacteria;

» Checkthatfilters/strainers/screens (where applicable)
are clean; and

» Checkthat protection from weather and other damage
are still adequate.
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C3.11 VERIFICATIONREPORT

The Regulations state that the relevant Consenting Authority
may request evidence from the permit holder that the water
measurementsystemthatkeptthe submitted records has
beenverified as accurate. Therefore, after verification of
awater measurementsystem, a verification report must

be issued by the approved verifier to the permit holder as
evidence of verification. When requested by the relevant
Consenting Authority, the report must be provided as soon as
practicable afterreceivingthe request.

The verification report musthave as a minimum:
» Permitholdersname andwater permitnumber;
* Verification date;

» Briefdescription of the water measurement system
(openchannel/partiallyfilled pipe, sensor type(s),
control section type, data logging/telemetry, other
notable features, etc);

» Conduitdimensions (e.g.width, depth, etc.depending
on shape);

» Capability of being fitted with an electronic data logger;

» Location description and GPS coordinates of the water
measurement system;

» Water measurement system reading (m3) immediately
before and after verification tests;

* Brief description of the verification method used;
» Verificationequipmentdescriptionandserialnumber;

+ Confirmationthatthe verification equipmentused (e.g.
calibrated containers, reference measurement system,
etc.)are currently certified and are available onrequest;

» Verification results, including individual accuracy
requirement compliance/non-compliance for each flow
ratetested,;

 Decision on compliance/non-compliance;
» General inspection notes;
» Name and signature of the verifier; and

 The verifier organisation’s name, address and contact
phone numbers.

C3.12 NON-COMPLIANCE

Ifthe verifier determines that the water measurement system
doesnotcomplywiththeaccuracyrequirementofthe
Regulations, the permit holderis responsible for ensuring that
allpracticableremedy stepsaretakenassoonaspossible

to achieve compliance. Within a period determined by the
relevant Consenting Authority to allow for these remedy
steps, the permit holder must arrange for verification of the
watermeasurementsystemtobe performedagain.

Ifthe verifier determines that the water measurement system
complies with the accuracy requirement, but highlights other
issues arising from the general inspection, the Consenting
Authority mayrequire that the permit holder to fix the
issueswithin a specified timeframe. This does not constitute
non-compliance with the accuracy requirement of the
Regulations, and therefore, there isno requirement for
re-verification (but relevant Consenting Authority retains
discretion to require this).

C4 Open channel water
measurement technique

This section outlines the current best practice used for
measuring open channel flow. Regardless of the technique
used, all installed water measurement systems must be
verified as accurate, as described in Section C3.

C41 MEASUREMENT TECHNIQUES

There are many techniques that could theoretically be used to
measure flowin open channels. However,the maintechnique
currently used is the stage-discharge method.

Othertechniquesinclude the velocity-area method,
volumetric method, slope-hydraulic-radius (Manning) method
anddilution method. However, these are generally impractical
for continuous, long-term in situ measurement of water flow,
whichisrequiredinthe Regulations.

Thisguidance documentacknowledgesthatfuture
technological advances are likely to create innovative
technigues orimprove currently inappropriate techniques.

Itisimportant to note that a water measurement system
based on any technique would be suitable provided that
itmeets the requirements outlinedin Section C2, and is
verified as accurate as described in Section C3.

Therearesomedevicessuchasthe Rubiconflume meter
which uses ultrasonic flow measurementand water level
measurementsto +/- 2.5%. This technique for open channel
measurementis highly accurateandany suchmethod
currently available to verify open channel systems will be far
lessaccuratethanthe deviceitself. Ininstances suchasthis,
any verification would only be useful for identifying gross
inaccuracies. Servicing and on site builtin diagnostics would
be more useful inidentifying any issues with the meter than
verifying with aless accurate method.
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C4.2 STAGE-DISCHARGE METHOD

The stage-discharge method is used widely to continuously
measure flowin openchannels. Inan openchannel, the
water level (stage) is related to the flow rate (discharge). This
technique involves the measurement of water level, and
conversionofthe water levelinto aflowrate based onapre-
determined stage-discharge rating curve.

The stage-dischargeratingcurveistherelationshipbetween
water level and flow rate established specifically for the site.
The stage-discharge method relies on developing an accurate
stage-dischargerating forthe openchannel. Forthe stage-
discharge rating to be determined, the flow in the channel
mustbe measured by another method, suchas volumetric,
velocity-area or dilution methods.

Thelikelihood of the specific site retainingthe stability of
this relationship overtimeis crucialforthismethodto
continuously provide accurate water measurementsin the
long term.

C4.2.1 Control Section

The stage-discharge technique normally requires a control
section, suchasaweiror flume. The control section causes a
change in upstream flow depth that can be measured by the
water level sensing device. (In certain circumstances, a suitably
qualified hydrologist might consider that a particular channel
cannot have a control section, and will therefore, have to
configurethe systemappropriately.)

Aweiris a calibrated dam structure constructed across a
channeltocontrolthe upstreamwaterlevel, sothatthereis
free-fallcriticalflowacrossthe weir. Aflumeisanartificial
channel with a symmetrical constriction in the sides or
bottom, which for a particular flow range, can cause critical
flow and hence a standing wave to occur.

There are awide range of weirsand flumes of various shapes
and angles, which have different strengths and weaknesses,
including differentaccuracy capabilities. There are thin-plate
weirs and broad-crested/long-base weirs, with various cross-
sections (including V-shaped, rectangular, and trapezoidal).
Flume types include H-type, Parshall, Palmer-Bowlus, and
trapezoidal flumes. The control section choice must take into
accountthe specific site characteristics and the requirement
to achieve the £10% measurement uncertainty for the
expected flow rate range to be measured.

There is a predetermined, theoretical stage-discharge
ratingforthe particularweirorflume usedbasedonits
design. However, this rating must be confirmed on site after
installation. Usually, the rating will need to be corrected on
site because of discrepanciesin design/installation or non-
ideal site characteristics. Thisratingmustalso be periodically
checkedandcorrected overthe lifetime of the water
measurement system.

The control sectionincreases the upstream waterlevel,
therefore the upstream channel banks mustbe sufficiently
highandstructurallystrongtohandlewaterflowingatthe
maximum expected flow rate.

C4.2.2 Level Measurement

The stage-discharge technique requires a water level
measurement device (level sensor). Level sensors available
currentlyinclude:

* Floatand counterweightencoder: Consistsofa
pulley rotated by a float/counter-weight system.
Eachincrement of rotation is converted to a signal.
Signals are converted to water level.

* Submersible pressure transducer: The difference
between the atmospheric pressure and water pressure
acting on the sensing componentis converted into a
signal that varies with pressure. Water pressure increases
linearlywith waterdepth, therefore the latter can
be calculated.

» Ultrasonicsensors: Canbe upward-lookingor
downward-looking. For downward-looking sensors,
sound waves are transmitted through the air and reflect
off the water surface and are received by the sensor.
The time interval between the transmitted and received
signalis measuredto calculate waterlevel. Some
ultrasonic sensors can also measure velocity.

* Bubbler sensors: The pressure of an air-filled tube/
chamberwith an open, submerged bottom end is
measured. Water level is proportional to the difference
between hydrostatic pressure in the tube and
atmospheric pressure, thereforeitcanbe calculated.

Advantages and disadvantages vary widely between level
sensor sub-types (even those using the same technology) and
manufacturers, and these are likely to change over time with
innovation. Therefore, nocomparisonhasbeenincludedin
this guidance document. The permit holder is encouraged to
seek currentadviceto choose a suitable level sensor.
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C4.2.3 Other Basic Components

Toallowflowrate and cumulative flow volumetobe
measured, the level sensor outputs datato a central
processingunit. The central processing unitrecordsthe
measuredflowdepth, convertsthe flowdepthtoflowrate
based onthe stage-dischargerating, andtotalises the flow
rate overtimeto give the cumulative flowvolume.

A staff gauge should be installed securely upstream of and
close tothe measuring point. A staff gauge is agraduated
linearscalethatactsasasecondarylevelmeasure.The
water level can be read directly on the scale. This allows
manual performance checking and calibration of the level
sensor. Where astilling wellisused, having an external staff
gaugeinthe channel and another internal staff gauge inthe
stilling well allows checks to ensure that the intake pipe is
not blocked.

A stilling well is required:

« always for the use of certain types of level sensors
(floatand counterweightencoders, etc.;)and

» sometimes for all level sensor types, if the velocity
andflowdisturbancesin the approach channelare
notnegligible.

The purpose of astilling wellisto provide a stable water level
in the open channel, while dampening water level fluctuations
(suchaswavesandripples), and/orprotectingthe sensors.
Thestillingwellisconnectedtothe openchannelviaan
intake pipe that allows sufficient water entry. This ensures
thatthere is no significant lag in the well water level to follow
changesinthe channelwaterlevel.

C4.2.4 The ‘Ideal’ Open Channel Site
The ‘ideal site for open channel water measurementwould
havethe following characteristics:

» Channelhas a straight, uniform section of length atleast
10timesthe channelwidth.

» Long-termstability ofthe channel cross-section, i.e.
channelisnotproneto scour orfill/sedimentation.

» Channelisnotpronetoaquatic growth (e.g. weeds),
or it can be managed within limits.

» Low debris/sediment load.

* Measurement site shielded from the effects of
strongwind.

» No migratory fish passage requirements.

Most deviations from ideal site conditions can be overcome
inthe design, and subsequentinspectionand maintenance of
the water measurement system. Examples are:

» Constructing a concrete channel will minimise channel
scourandweed growth.

* Installing a screen and/or lid can prevent debris from
damaging/blocking the system.

» Regular inspection and maintenance can prevent
sediment, algae and ice build-up.

Some sites are simple and straightforward sites with minimal
deviations from ideal site conditions.

C4.2.5 Complex Open Channel Sites
The following factors will create a complex environment for
the measurement of open channel flow:

» High sediment/debris load;

* Man-made (e.g. concrete) approach channel cannot be
constructed immediately upstream of measuring point;

» No straight section of sufficient length is available;
* Very steep channel slope;

» Migratory fish passage required;

* Regular maintenance is not practicable;

» Head loss across measurement system may affect
downstream systems; and

« Effect of strong wind cannot be mitigated.

Itis strongly recommended that the expertise of a suitably
qualified hydrologist be used to define appropriate site-
specific solutions if the site has any of these characteristics.

C4.3 RECOMMENDED DECISION PROCESS
Figure 2 presentsarecommended decision processfor permit
holders with open channel flow measurementsites.

C44 RECOMMENDED SERVICE INTERVAL FOR
OPEN CHANNEL SYSTEMS

Thissection providesrecommendedserviceintervals for
differentcommonly used openchannelmeasurement
systems. There are two types of inspection required
periodically foropenchannelsystems:

» A maintenance inspection is a visual check to identify if
any maintenance on the measuring system is required,
forexample, checking foraccumulated sediment/debris
behind aweir.

< Acalibrationcheckistodetermineifre-calibrationof
the systemisrequired.

Amaintenanceinspection and a calibration check may be
carried out simultaneously on the same visit.
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Figure 2. Recommended decision process for permit holders with
open channel sites

Therecommendedtime intervals below have been
establishedfortypical sitesasdescribedbasedonexperience

depending on the local conditions in the region. Furthermore,
the specific site conditions and the characteristics of the
measurementsystemwill determine the frequency required.
Forexample, if weed growth is present, more frequent
servicing may be necessary.

Table 4
Frequency of Frequency of
Flow Measurement System Calibration Maintenance
Checks Inspections
Automated Controlled Flume 1-2 checks -2 inspections
(pre-calibrated) per season per season

Float and counterweight,

stilling well and weir Every 8 weeks

Every 8 weeks

Pressure transducer/bubbler/

. . Every 8 weeks Every 4-6 weeks
ultrasonic sensor and weir

Any system with a level sensor
but without a control section
(e.g. weir/flume)

Every 4 weeks Every 4-6 weeks

C5 Partially full pipe flow

In hydraulic terms, the flowin a partially full pipe is a special
case of open channel flow. The obvious difference is that the
condulitis completely enclosed.

The stage-dischargemethod commonly usedforopenchannel
flow can be used for partially full pipes providing thereis
sufficient accessto allow flow measurementand calibration.
Whiletheuseofapipeprovidesastablebedcomparedtoa
natural channel, there is still the same potential for complex
flow conditionsto develop, thusitisrecommendedthat
professional advice is sought for the specific site.

Measurementsystems specifically for partially full pipes
are currently available, but are not widely used for flow
measurementofwatertakesin NewZealand. Therefore, the
local experience history of these systems is insufficient to
give confidence surrounding the reliable performance of
these systems. Therefore, itisrecommendedthatexpert
professional advice is soughtbefore any of those systems
are installed.
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Section D: Data management

D1 Requirements of the regulations for data management

DI.2  REGULATORY REQUIREMENTS

The Regulations require that data, on the volume of water
beingtaken, is recorded and transferred to the Consenting
Authority. The Regulations do not prescribe the manner with
whichthewaterusedataistobetransferredtoaparticular
Consenting Authority.

The National Environmental Monitoring Standards (NEMS)
for water metering focuses on electronic data collection and
telemetry for water takes, and maybe referenced in consent
conditions. Alternatively, Consenting Authorities may require
datacollectionbyapprovedthird party providers whowill
operate to an agreed data format; in both cases consent
conditionswillneedtobemet.

A Consenting Authority may have monitoring
requirements that differ from the minimum
requirements of the Regulations. In such circumstances,
the more stringent of either requirement will apply.

Water Use Data Required

Thevolume ofwaterbeingtakenunderawaterpermitfor5
litres/second and greater must be measured, and these
measurements mustbe continuously recorded and monitored.
The specific details requiredinclude:

+ Daily volumes (in cubic metres) time stamped with
adateandtime;

» Datathatis able to be stored electronically; and

 Datathatis based on measurementstakenatthe
pointwherethe waterisfirstabstractedfromthe
waterbody—thatis, dataonactualwatertaken.

DI.3 METHOD OF DATA COLLECTION

Ameasuring system or device appropriate for the specific
water take, situation and permit conditions should be used.
Consideration should also be given to the requirements for
the storage, transfer, and subsequent use of the data once it
has been collected.

Toachieve consistency and uniformity, water take records
must be generated by a device or system that meets the
following minimum requirements:

» Have the ability to continuously measure the amount
of water being taken;

» Have the capacity to record at minimum hourly volumes
in cubic metres to an accuracy standard of +/-5 percent
forfull pipes, and +/-10 percentforwatertaken by
anothermethod;

» Becapable of providing data output in a form suitable
for electronic storage;

» Be capable of appropriately reporting information
tomeetthe permitconditionsimposed bythe
consenting authority;

» Beappropriatetothe qualities ofthewaterbeing
measured (including temperature, algae content and
sediment content); and

» Be sealable and as tamper-proof as practicable

When taking manual readings from a water measuring system
itisimportantthatthereadingisinterpreted correctly.

Itis necessaryto take a picture of the meter for reference.
Two common sources of error in taking manual readingsis
misinterpretation of the decimal place (often denoted by
differently coloured numbers rather than a decimal symbol)
and failure to include the exponential component of a reading
giveninscientific notation (forexample reading 12 m3instead
0f12X10m?3or12,0m?).

D1.3.1 Electroniclnterference

Water meter users should be aware of electrical equipment
which could interfere withthe collection of water use data.
“Electronic noise” emanates from electrical equipment such
as variable speed pump motors and electric fences. Measures
mayneedtobetakentoisolatethe installed meterfrom
electronicinterference.

DI.4 METHODSOFRECORDING
All possible steps should be taken to reduce corruption of
data. Consideration should be givento:

» Reducing the number of stepsinvolved whereby water
use is measured and recorded; and

» Reduce the number of people involved in the ‘data train’.

Systems which involve the direct recording of data and
transfer via telemetry are likely to produce the highest
quality and mostreliable data. In situations where such
systems are not feasible, efforts must be made to make the
system as efficient as possible.

PAGE34 OF45

WWW.IRRIGATIONNZ.CO.NZ


http://www.irrigationnz.co.nz/

The quality assurance of water use data can be improved by
following a few guidelines that are consistent across all data
monitoring issues. These include:

» Annualdeviceorsystemchecksandsiteinspections;
» Regular check readings;
» Unambiguous raw data;

» Multiple readings (or instruments) to corroborate data
quality and accuracy;

» Processestodetecttranscriptionerrors,instrument
malfunction, or anomalous readings;

 Data screening for obvious errors and stored in both raw
and corrected/calibrated files;

» Securedatastorageandbackupofdata;and
» Systemsforauditingdataqualityandcompleteness.

DI.5 REPORTING REQUIREMENTS

To achieve consistency, reporting requirements need

to conform to a minimum standard. Specific reporting
requirementsimposed by a Consenting Authority may exceed
the minimum requirements of the Regulations, but will not
belessthanthe minimum standard.

The key requirements for reporting data and data transfer
arethat:

* The acoounizbity for recording and transferring the
datatothe Regulatory Authorityrestswiththe
permit holder;

« Dailyvolumes (orweekly volumes for some takes)in
cubic metres are reported in anauditable manner;

» A permit holder must keep records that provide a
continuous measurement of the water taken under a
water permit, including water taken in excess of what
the permit allows;

» Datais transferred to the Consenting Authority on
request or at least, an annual basis;

» A permit holder must provide records that cover each
wateryear of the permitto the Consenting Authority
that granted the permit, datais to include zero readings;
and

» Therecordforawateryearmustbe providednolater
thanone month afterthe end of the water year.

After data “post processing” of the data the third party
provider will provide a acommentsfile onany
observations, faultsand periodsofmissingrecord to the
relevant consenting authority

DI1.5.1 Approval to Measure Water Takes on a Weekly Basis
The Consenting Authority that granted a water permit may,
atitsdiscretion, grantapprovaltothe permitholdertokeep
records of measurements of the volume of water taken under
the permiteachweek (instead of each day). The Consenting
Authority must grant approval by providing a written notice
tothe permitholderthatspecifies the period of approval.

D1.5.2 Methods of Delivery to the Consenting Authority
There are nomethodsforthe delivery of the water use data
to the Consenting Authority specified in the Regulations.
Methods range from emailed records, online submissions
to automated telemetry systems.

Emailed records of manually read water meters while
apparentlythe cheapest in up front cost, this method has
considerable hidden costs. For example,itinvolves
considerabletimein checkingthe data andthen loading it
into any electronic storage system. There isalsoanongoing
costtoboththe permitholderandthe Consenting Authority
intransferringand managingthe data and a greater potential
forerroneous data.

Telemetry or electronic data loggers on the other hand
involve greater up-front costs but thereafter the system is
largely automatic with intervention only being required for
maintenance and problem solving. The use of telemetry or
electronic dataloggers therefore involves minimal ongoing
costsoncethesystemisinplace. Itisimportantforboth
the Consenting Authority and the permit holder to consider
bothimmediate and ongoing costswhenassessingoptions
forthe delivery of water use data. Underthe Regulations
the key criterion with regard to data delivery just that, data
delivery, ratherthanthe prescribing mechanism of
transfer.

Whatevermethodisadopteditis usefulifthe dataisina
formatthatallows quick and efficientintegration withthe
hydrometric database maintained by the consenting authority.
There are significantadvantagestherefore ifthe same format
is used irrespective of whether the data arrives via,
spreadsheets, cell-phone, internet, or telemetry.

DI.6 WHYISYOURDATAIMPORTANT?

Data collected under the Regulations will be able to be used
ata number of levels of reporting. For example, the data
could be used to report against:

» Consent compliance;

» Consent allocation;

» Waterresourceallocation;

« Effectiveness of water resource management;

» Nationalwateruse;and

» Areasofpotential water stress.
Whilethe majority of reportingis likelytobe undertaken
within the specific Consenting Authority, the data is also
required for reporting at the national level. Therefore,
consideration must be given to ensure that all data is able to
be aggregated to different levels. For this to be practical there

must be consistency of categorisation across the country, at
leasttothe level of nationalreporting.
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D1.6.1 Verification and Accuracy

The benefits and value of the Regulations will only be
obtained if the water use data is accurate and appropriate. Itis
therefore essential that systems are developed that verify the
accuracy of the data supplied to the Consenting Authority.

Such asystem mustinvolve random checks onthe device or
system confirming that the reading is consistent with the data
that has been supplied to the Consenting Authority.

Where the device or system readings and supplied data differ
by more than an acceptable amount a mechanism must be in
place to reconcile any difference.

Verification and accuracy procedures should also involve
confirmationthat, back-up copies of allthedataare held
bythe permitholder or their agent indefinitely. Unless
the Consenting Authority has confirmed the datahas
beenauditedand archived bythe Consenting Authority.

D1.6.2 Data Auditing and Archiving

The majority of the hydrometric database tools currently
usedby Consenting Authorities allowthe seamlessintegration
ofwaterusage data. Such systemsalsoallowthe integration
of this data with various consent conditions and reporting
mechanisms. This approach, therefore, provides significant
economiesofscaleandwatermanagementbenefits. The
use of sophisticated monitoring and modelling may not be
necessary,orwanted, atthis stage. However, the integration
ofwaterusagedataallowstheversatilityofthe hydrometric
analysis systemto be applied at any stage in the future.

The integration of the water measurement data with existing
hydrometric systemsthereforeallows:

» Rapid transfer of the data to the Consenting Authority
information system;

» Consistenthandling of all data;
» Often, and preferable, ISO certified data quality control;

» Seamless merging of water use data with other
hydrometricdata;

* Integration of water use data with consent conditions;
« Straightforward compliance monitoring;

» Standardised dataquality control;

 Standardised data retrieval,

 Standardised file management and archiving; and

 Standardised range of data analysis tools and
reporting options.

D1.6.3 Quality Assurance System

The Regulations only discuss data quality with respectto
the actual measurementofthe watertake. There appears
tobeaninherentassumptionthatthe quality ofthe device
orsystemwill carry through to the quality of the data

held by Consenting Authorities. Itis therefore essential
that Consenting Authorities develop systemswhereby the
quality of the data heldintheirarchive is both quantified
and documented.

Issues of qualitydonotsolelyrelatetothe accuracy of

the device or system recording the individual water take.
For example, missing data and mistakes when taking manual
readings also affect the overall quality of the data record.

All the commonly used hydrometric software tools used
currently by Consenting Authorities have the facility to tag
the water usage datawith quality codes. Codes are used
toreflect:

¢ Whether the data is from surface water or
groundwater takes;

 Device or system accuracy;

« Differences between measurement device/system
readingsand manualreadings;

» Missingdata;
 Frequency of reading; and
» Timesincelastcalibration

The use of dataquality codes ensuresthatduring subsequent
analysis, whether for reporting or for compliance monitoring,
thequalityofthe inputdataisreviewed. Thisquality mustbe
considered along with the results and any conclusions that
may be drawn.

Itis therefore essential that all water usage data is
incorporated into the hydrometric system used by the
Consenting Authority whenever possible. This ensures that
allthe datais quickly and efficientlyincorporatedinto the
existing quality control system. Considerable confidence
canthen be placedin the management of the data, and any
results and conclusions derived from subsequent analysis.
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D2 Good management practice — data management

D2.1 DATA COLLECTION AND RECORDING

The NEMS document stipulates that all water measurement
datashallbe quality codedinaccordance withthe National
Quality Coding Schema, as this allows for valid comparisons
across multiple data series.

To ensure consistency, across regions and for national
reporting, a dataformat standard has been developed. In
order to ensure the auditability ofthe databeingcollected,
allrawdatafiles shouldbekept indefinitely for future
reference and not deleted.

D2.2 DATAREPORTING

Wateruse datashould betransferred tothe Consenting
Authority usingthe agreed format with that Consenting
Authority.

ProvisionofData
The levels of service around how data is tobesent from service
provider to Consenting Authority needs to be:

i. Rawdatais provided- there is no need for the host to
quality code 200 as this is expected and known

i. No “post processing” is to occur without prior
permission from the Consenting Authority.

iii. After any “post processing” of the data, the
associated Commentsfile or email confirmation
outlininganyissues/ actionsthatcouldaffectthe
data will be provided

iv. The data host must always be able to retrieve the
raw files if required.

The provision of raw data is the expectation, however, if the
service providercleansesdataandthe relevantconsenting
authority accepts the provision of cleansed data with
comments then it recommended that an agreementbe putin
place between both parties. Service providers must contact
the consenting authority to determine how data should be
provided.

D2.3 TECHNICALFAULTS
Onceafaulthasbeenidentifiedthe other parties
(parties includes installers, hosts and the
consenting authorities) willbe notified within 2
working days. The timeframe for correcting the problem
will be as soon as practicable. Inthe case where athird-
patyservice provider has been engaged, if the

consenting Authority does not receive a response from
a third party provider within 5 working days the Consent
Holder will be notified.).

A check for faults should be conducted on a weekly basis to
ensure faults areidentified and rectified as soon as possible to
avoidgapsinthe data.

D2.4 THIRD PARTY DATA SERVICE PROVIDERS

The accountability for recording and transferring the
datatothe Consenting Authority restswiththe permit
holder. When engaging athird party service provider a
terms or service agreement must be provide to
ensure clarityaroundthe responsibilitiesofall parties
involved.

A Terms of Services agreement should include but is not

limited to:

l. Provision of consenting alerts
Il. Faults finding and repair

Il Point of first contact

V. Data ownership

V. Cost

VL. Indemnity
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Appendices

Appendix A

EXPLANATION OF ELEMENT PROTECTION STANDARDS

There are two rating systems for element protection of electrical equipment. The National Electrical Manufacturers Association
(NEMA) StandardNo. 250—2003 addressesthe installation ofequipmentin non-hazardouslocations, enclosure designand

its environmental performance requirements. The International Electrotechnical Commission (IEC) 60529 Standard addresses
protectionagainstingress. The Ingress Protection (IP) rating describes the degree of enclosure protection provided, notthe
enclosure itself. The IP code consists of two numbers, the first of which describes the degree of protection against the ingress of
solids (e.g. dust) whilstthe second describes the degree of protection againstthe ingress of liquids.

The following table describes the NEMA rating system and the protection level it refers to.

NEMA IP

. . NEMA Definition
Rating Equivalent

I IP10 Enclosures constructed forindoor use; to provide a degree of protection to personnel against incidental
contact with the enclosed equipment and to provide a degree of protection against falling dirt.

2 P11 Enclosures constructed forindoor use; to provide a degree of protection to personnel against incidental contact
with the enclosed equipment; to provide a degree of protection against dripping and light splashing of liquids.

3 IP54 Enclosures constructed for indoor or outdoor use; to provide a degree of protection to personnel against
incidental contact with the enclosed equipment; to provide a degree of protection against falling dirt, rain,
sleet, snow and windblown dust; and that will be undamaged by external formation of ice on the enclosure.

3R IP14 Enclosures constructed for indoor or outdoor use; to provide a degree of protection to personnel against
incidental contact with the enclosed equipment; to provide a degree of protection against falling dirt,
rain, sleet and snow; and that will be undamaged by external formation of ice on the enclosure.

3S IP54 Enclosures constructed for indoor or outdoor use; to provide a degree of protection to personnel against
incidental contact with the enclosed equipment; to provide a degree of protection against falling dirt, rain,
sleet, snowandwindblown dust; andin whichthe external mechanism(s) remain operable wheniceladen.

4 IP56 Enclosures constructed for indoor or outdoor use; to provide a degree of protection to
personnel against incidental contact with the enclosed equipment; to provide a degree of
protection againstfalling dirt, rain, sleet, snow, windblown dust, splashing waterand hose-
directed water; and that will be undamaged by external formation of ice on the enclosure.

4X IP56 Enclosures constructed for indoor or outdoor use; to provide a degree of protection to personnel
against incidental contact with the enclosed equipment; to provide a degree of protection
againstfallingdirt, rain, sleet, snow, windblown dust, splashing water, hose-directed waterand
corrosion; and that will be undamaged by external formation of ice on the enclosure.

5 IP52 Enclosures constructed for indoor or outdoor use; to provide a degree of protection to personnel against incidental
contact with the enclosed equipment; to provide a degree of protection against falling dirt, against settling airborne
dust, lint,fi esandfl s;andtoprovideadegree of protection againstdripping andlightsplashing ofliquids.

6 IP67 Enclosures constructed for indoor or outdoor use; to provide a degree of protection to personnel
againstincidental contact with the enclosed equipment; to provide a degree of protection against
falling dirt, against hose-directed water and the entry of water during occasional temporary emersion
at a limited depth; and that will be undamaged by external formation of ice on the enclosure.

6P P68 Enclosures constructed for indoor or outdoor use; to provide a degree of protection to personnel
againstincidental contact with the enclosed equipment; to provide a degree of protection against
falling dirt, against hose-directed water and the entry of water during occasional prolonged submersion
at limited depth; and that will be undamaged by external formation of ice on the enclosure.
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NEMA IP

. . NEMA Definition
Rating Equivalent

12 IP52 Enclosures constructed (without knockouts) forindoor use; to provide a degree of protection
to personnel againstincidental contact with the enclosed equipment; to provide a degree
of protection againstfalling dirt, againstcirculating dust, lint, fi esandfl ers;andto
provide a degree of protection against dripping and light splashing of liquids.

12K IP52 Enclosures constructed with knockout(s) for indoor use; to provide a degree of protection
to personnel againstincidental contact with the enclosed equipment; to provide a degree
of protection againstfalling dirt, againstcirculating dust, lint, fi esandfl ers;andto
provide a degree of protection against dripping and light splashing of liquids.

13 IP54 Enclosures constructed for indoor use; to provide a degree of protection to personnel againstincidental contact
with the enclosed equipment; to provide a degree of protection against falling dirt, against circulating dust, lint,
fi esandfl ers; and againstthe spraying, splashing and seepage of water, oiland non-corrosive coolants.

Thetable belowoutlines and explainsthe IP numbering system:

IP Against Objects Bl
(Ist No.)
I Protected against solid foreign objects of 50 mm diameter and greater
2 Protectedagainstsolid foreign objects of 12.5 mm diameterand greater
3 Protected against solid foreign objects of 5 mm diameter and greater
4 Protected against solid foreign objects of 1 mm diameter and greater
5 Protected againstdust; limited toingress (no harmful deposits)
6 Totallyprotectedagainstthe entryofdust
P A(g;:::\:;ijmds Explanation
0 Not Protected
| Protected against vertically falling drops of water
2 Protectedagainstverticallyfallingdropsofwaterwhentilted atanyangle upto 15° fromthe vertical
3 Protected against direct sprays of water at any angle up to 60° from the vertical
4 Protected against water splashed from all directions; limited ingress permitted
5 Protected against jets of water from all directions; limited ingress permitted
6 Protected against strong jets of water from all directions; limited ingress permitted
7 Protected against effects of submersionfrom0.15mto 1 m
8 Protected against the effects of submersion in water, upto 10 m
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Appendix B

OTHER CONSIDERATIONS FOR OPEN CHANNEL
AND PARTIALLY FULL PIPE SYSTEMS

On-site Access to Measurement Data
Awatermeasurementsystemmusthaveasimple, reliableand
unambiguous meansofaccesstothereal-timedatabeing
recordedbythe measurementsystem, forexample:

« Ifthe permit holder wants to manually take readings
onsite;

» Forinspection and calibration of the water
measurement system; and

» Foraccuracy verifi tion ofthe water measurementsystem.

The following data must be accessible (the data does not
need to be continuously displayed, but can be such thatitis
displayed, forinstance,whenabuttonispressed):

» The cumulative flow volume expressedin cubic
metres (m3), with:

— Sufficiently large registering range torecord
cumulative flow volume corresponding to 1 year at
the maximum expected flow rate without passing
throughzero,and

— Sufficientresolution for verification purposes
(1decimal pointscaleinterval, unless the minimum
expected flowrate is greater than 40 L/s, in which
case integer scale interval is allowed);

» The measured flow rate in litres per second (L/s) (with a
recommended minimum resolution of one decimal
point for verification purposes);

» Wherewaterlevelis measured as abasis forderiving
flow rate (not a requirement), the measured water level
expressed in millimetres (mm); and

» Theratingand algorithms used to calculate the fl w rate.

Anon-sitedisplayis onewayof providing visualindication of
the measurementdata. If used, an on-site display should have
the following characteristics:

» Beofasizeandtypethatiseasytoreadwithclearly
specified units;

» Thevaluesdisplayed must be precisely the same value as
thatrecorded in the datalogger or transmitted by telemetry
(ifthesearerequired bytherelevantConsenting Authority);

» Resistanttocorrosionandfogging;and

* Mountedinawaythatallowsforbotheasyaccessto
and manual reading of the display unit (without, for
example, the use of a mirror or ladder).

The Regulations do not explicitly require an on-site measure-
ment display. Therefore, if the same information can be made
available onsitethroughalternative means (e.g. by connecting
alaptoptothe measurementsystem),an on-site display
isnotrequired unlessspecifi required by the relevant
Consenting Authority.

Construction Materials

The components of the water measurement system must

be manufactured from sound, durable, corrosion-resistant
materials. All parts of the water measurement systemin
contact with water must be manufactured from materials that
are non-toxic, both chemically and biologically inert.

Identification

Ifauniqueidentifi tion/serialnumberis supplied bythe Con-
senting Authority, then the water measurementsystem should
be securely tagged/attached/imprinted with the number in a
positionthatis clearly visible to facilitate its identifi tion.

Electrical Standards

Theinstallationworks mustcomply with all relevantNew Zealand
electrical installation standards and requirements. All components
of the water measurement systemthat rely on electrical supply
musthavethe supply maintained,asfaraspracticable, atalltimes.
Theinstallation must ensure that any electrical supply to the
watermeasurementsystemcannotbe deliberatelyinterrupted
withoutbreaking atamper-proofindicating seal visibly.

The measuring ability and calibration parameters of the water
measurement system must not be affected by an interruption
of the electrical supply.

If electromagnetic-based measurement systems are used,
sources of electromagnetic interference (e.g. electric fences)
should be consideredinthe site selectionand systemdesign.

Enclosure Protection Rating

The environmental enclosure ratings forthe various
components of the water measurement system should
reflectthe degree of protectionrequiredfortheinstallation
environment. Refer to Appendix A for more information
ontheselngress Protection (IP) or National Electrical
Manufacturers Association (NEMA) ratings.

Protection from Damage and Interference

Practicable precautionary considerationmustbetakenin
the installation to prevent damage and interference to the
components of the water measurement system from all
sources including the following:

 Vehicles, livestock, vandalism, and flooding;

< Possible electrical interference from sources such as
electric fencing or overhead power lines;

» Aggressive environmental conditions; and

» Extremes and fluctuations of temperature of the water
or ambient atmosphere.

Healthand Safety

The designand installation of the water measurement system
should consider the protection of operators, the public and
the environment from harm from the system.
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Appendix C

UNCERTAINTY AND ERROR-DETERMINATION
OF MEASUREMENT ACCURACY
Itisimportantnotto confuse the terms ‘error’
and ‘uncertainty’.

« Erroristhe difference between the reference meter
measured value and the ‘true value’ of the service meter.

* Uncertaintyisaquantification of the doubtabout
the measurementresult—itindicates the quality of
the measurement.

Thereisalwaysamarginof doubtaboutany measurement.
To understand the uncertainty two questions must be
answered—‘How bigis the margin?’ and ‘How bad is

the doubt?’ Thus, two numbers are needed to quantify an
uncertainty; the width of the margin or interval (+/-x%); and
howsurewearethatthe ‘true value’is withinthatmarginor
the confidence level (x percentile).

Known errors, for example, the error associated with the
reference meters calibration certificate can relatively easily be
corrected for. But any error whose value is not known must be
regardedasasourceofuncertainty.

Wheredotheerrorsanduncertaintiescomefrom?
Many factors can undermine a measurement. Flaws in
the measurementmay be visible orinvisible. Asreal
measurements are never made under perfect conditions,
errors and uncertainties can come from:

* The measuring instrument — instruments can suffer
fromerrorsincludingbias,changesduetoageing,
wear,orotherkinds of drift, poorreadability, noise (for
electricalinstruments) and many other problems.

* Theitem being measured —the flow may not be stable.

* The measurement process — the measurement itself
may be difficult to make.

* ‘Imported’ uncertainties— calibration of your
instrument has an uncertainty which is then built into
the uncertainty of the measurements you make.

» Operatorskill-some measurements dependonthe
skill, judgement and reaction time of the operator. Note:
gross mistakes are a different matter and are not to be
accountedforasuncertainties.

» Samplingissues—the measurements mustbe properly
representative of the processyouaretryingtoassess.

» The environment — temperature, air pressure, humidity
and many other conditions can affectthe measuring
instrumentorthe item being measured.

Where the size and effect of an error are known (e.g. from

a calibration certificate) a correction can be applied to the
measurement result. But, in general, uncertainties from each
of these sources, would be individual ‘inputs’ contributing to
the overall uncertainty inthe measurement.

Kinds of uncertainty?
The effects that give rise to uncertainty in measurement can
beeither:

* Random-whererepeatingthemeasurementgivesa
randomly differentresult. If so, the more measurements
youmake, and then average, the better estimate you
generally can expectto get. or

» Systematic—where the sameinfluence affects the
resultfor each of the repeated measurements (but you
maynotbeabletotell). Inthiscase, youlearnnothing
extrajustbyrepeatingmeasurements. Othermethods
are needed to estimate uncertainties due to systematic
effects, e.g. different measurements, or calculations.

Distribution-the ‘shape’ of the error
The spread of a set of values can take different forms, or
probability distributions.

Normal distribution

Ina setofreadings, sometimes the values are more likely to
fall near the average than further away. This is typical of a
normal or Gaussian distribution.

The diagram below shows asetof 10 ‘random’ valuesinan
approximately normal.

A Mean or
average reading

Probability of
occurance

»
»

Value of reading

Uniform or rectangular distribution

Whenthe measurementsare quite evenly spread between
the highestand the lowestvalues, a rectangular or uniform
distribution is produced. For this distribution values would be
aslikelytofallonanyone partasonanother.

The diagram below shows asetof 10 ‘random’valuesinan
approximately rectangular distribution.

A Full width

Mean or
average reading

A
v

Probability of
occurance

»
»

Value of reading
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What is not a measurement uncertainty?

* Mistakesmadebyoperatorsare notmeasurement
uncertainties. They should notbe counted as
contributing to uncertainty. They should be avoided by
working carefully and by checking work.

» Tolerances are not uncertainties. They are acceptance
limits which are chosen for a process or a product.

* Specificationsare not uncertainties. A specification
tellsyouwhatyou canexpectfromaproduct. ltmaybe
verywide-ranging, including ‘non-technical’ qualities of
the item, such as its appearance.

* Accuracy(inaccuracy)isnotthesameasuncertainty.
Unfortunately, usage of these words is often confused.
Correctlyspeaking, ‘accuracy’isaqualitativeterm
(e.g. you could say that a measurement was ‘accurate’
or ‘notaccurate’). Uncertainty is quantitative. When
a ‘plus or minus’ figure is quoted, it may be called an
uncertainty, butnotanaccuracy.

< Errors are not the same as uncertainties.

 Statistical analysis is notthe same as uncertainty
analysis. Statistics can be usedto drawall kinds of
conclusions which do not by themselves tell us anything
about uncertainty. Uncertainty analysis is only one of
the uses of statistics.

How tocalculate uncertainty of measurement?

To calculate the uncertainty of a verification measurement,
the verifiermustidentifythe sources of uncertaintyinthe
reference measurement, including the environmental/pipe
conditions, measurement resolution, and inaccuracy in any
inputvalues (e.g. pipe wall thickness) required forsome
reference water measurement systems/devices. Then they
must estimate the size of the uncertainty from each source.

Standard uncertainties

Alluncertainties should be expressed atthe same confidence
level, by converting them into standard uncertainties. A
standard uncertainty isa margin whose size can be thought
ofas ‘plus or minus one standard deviation’. The standard
uncertainty tells us about the uncertainty of an average (not
justaboutthe spread of values).

Calculating standard uncertainties

No matter what are the sources of your uncertainties, there
are two approaches to estimatingthem: ‘Type A'and ‘Type B’
evaluations. In most measurement situations, uncertainty
evaluations of both types are needed.

* Type A evaluations — uncertainty estimates using
statistics (usually from repeated readings)

* Type B evaluations — uncertainty estimates from
any other information. This could be information
from past experience ofthe measurements, from
calibration certificates, manufacturer’s specifications,
from calculations, from published information, and
from common sense.

Calculating standard uncertainty for a Type A evaluation
Whenasetofseveralrepeated readings hasbeentaken
(fora Type A estimate of uncertainty), the meanand
estimated standard deviation, (s) can be calculated. From
these, the estimated standard uncertainty, (u) of the meanis
calculated from:

= =
\n

Where:

n isthe number of measurementsinthe set

Calculating standard uncertainty for a Type B evaluation
Where informationis scarce (in some Type B estimates)itis
oftenonlypossible to estimate the upper and lower limits of
uncertainty. Youmay then haveto assume the valueis equally
likely to fall anywhere in between, i.e. a rectangular or uniform
distribution. The standard uncertainty forarectangular
distribution is found from:

_a_
\3
Where:

a isthe semi-range (or half-width) between the
upper and lower limits.

Rectangular or uniform distributions occur quite commonly,
butifthereisgoodreasontoexpectanotherdistribution,
thenthe calculation should be based on that. For example,
it can be assumed that uncertainties ‘imported’ from

the calibration certificate fora measuring instrument are
normally distributed.

Combining standard uncertainties

Finally the individual uncertainties when expressedinthe
same unitsand confidence levels, can be combinedto give an
overall figure (combined standard uncertainty). It can be found
using the root-sum-squares method:

Mc=\/(u12+uf+u23...etc)

Where:

Ue is the combined standard uncertainty, and u,, u,, u;,
etc, arethe component standard uncertainties
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Expanded uncertainty

Having scaled the components of uncertainty consistently
tofind the combined standard uncertainty is then necessary
to re-scale the result. The combined standard uncertainty is
equivalent to ‘one standard deviation’, but often an overall
uncertainty is required stated at another level of confidence,
i.e. 95percent. Thisre-scalingisdone usingacoveragefactor.
Multiplying the combined standard uncertainty (u.c) by a
coverage factor (k) gives aresultwhich is called the expanded
uncertainty (U) i.e.

U= kuc

A particular value of coverage factor gives a particular
confidence level for the expanded uncertainty. If the
combined uncertainty isnormally distributed a coverage
factor k= 1.96 should be used to give a confidence level
of 95 percentand for a uniform distribution k=1.732.
Other, less common, shapes of distribution have different
coverage factors.

Conversely, whereveran expanded uncertainty is quoted with
agiven coverage factor, you can find the standard uncertainty
bythe reverse process, i.e. by dividing by the appropriate
coverage factor. This means that expanded uncertainties
givenon calibration certificates, if properly expressed, can be
‘decoded’into standard uncertainties.

Howtoexpresstheanswer
Itisimportant to express the answer so thata reader can use
theinformation. Themainconsiderationsare:

» Themeasurementresult, togetherwith the
uncertaintyfigure, i.e.thereference metermeasurement
was 32.51/s+0.9l/s

» Thelevel of confidence and the coverage factor used
» Howthe uncertainty was estimated

Example Showing Determination of Compliance

(Note: this exampleisforan open channel system, but
appliestofull pipe systems aswell, the difference being the
permissible uncertainties)

Open channel water measurement system (thus,
maximum permitted uncertainty of £10% of reading, at
95% level of confidence)

» Averagemeasurementfromtheinstalled
system=18.2L/s.

* Average reference measurement = 20.1 L/s.

Current meter certified with uncertainty of £1.5% of
reading at 95% level of confidence (k= 1.96). Expressing
the uncertainty in terms of standard uncertainty:

1.5%%20.1%L/s

1.9 =0.154L/s

Identified three sources of uncertainty, with estimated
uncertainties which when converted have equivalent
individual standard uncertainties of £0.130 L/s, £0.202
L/s,and+0.311L/s.

All sources of uncertainty are independent of
each other.

Combined standard uncertainty,

uc=~(0.154"+0.1302+0.2022+0.311?) =0.422L/s

Togive alevel of confidence 0f 95% (k=1.96),
Expandeduncertainty=0.4221/sx1.96=0.827 L/s

Therefore, the reference measurement
is20.1£0.8 L/s.

With a maximum permitted uncertainty of £10% of
readingat95% level of confidence, the measurement
fromtheinstalled watermeasurementsystemis 18.2 /s
+1.8 /s at 95% level of confidence.

The uncertainty intervals overlap, i.e. 18.2L/sis within
20.1L/s*2.6L/s (1.8 +0.8), thus the watermeasurement
systemis notidentified as non-compliant.
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Appendix D

CONSENTING AUTHORITY APPROVED VERIFICATION METHODS

Consenting Authority

Approved Verification Methods

Northland Regional Council

Waikato Regional Council

Auckland Council

Bay of Plenty Regional Council

Gisborne Regional Council
Hawkes Bay Regional Council

Taranaki Regonal Council

Horizons Regional Council

Greater Wellington
Regional Council

Marlborough Regional Council

Tasman District Council

Environment Canterbury

No information supplied
Reference metertestrig using mag-fl w
Clamp-on Ultrasonic accepted where mag fl w rigs not practical.

Labtesting small meters (<80mm) have been allowed to be tested on rig at Meter Services
providing they meet 10/5 and meter can be tested at operational pump rate.

On site electronic verifi tion

HastobeaBlue Tickaccredited verifi ,usinganyofthe accreditedverifi tionmethods
Clamp-on Ultrasonic

Reference meter test rig using mag-fl w or ultrasonic clamp-on.

Reference metertestrig, using mag-fl w or ultrasonic clamp-on.

Reference metertestrig, using mag-fl w or ultrasonic clamp- on.

Reference metertestrig

Clamp-on Ultrasonic

On-site volumetric or gravimetric

On-site electronic validation (not suitable for the initial verifi tion ofan installation)
Referencemeter, in-line, by-passortestrig.

On-site volumetric or gravimetric

Clampon Ultrasonic

Reference meter,in-line, by-passortestrig.

On-site volumetric or gravimetric

On-site electronic validation

Useoftestrigsisthe preferred methodforall verifi tions. Thisincludes
the use of the logging software developed by Indigo Systems.

An ultrasonic clamp-on meter used on a dedicated pipe that has been tested at Meter
ServicesinAucklandisdeemedasanacceptabletestrigconfi  ation.

Where it is impractical to use the provided logging software due to distance between in-situ meter
and verifying meter, volume calculations are the acceptable method of determining error.

Ultrasonicclamp-onmeterscanonlybeusedtoverifyfl wsthataretoogreattopassthrough
atestrig. Currently this threshold is 150 litres/second. In this situation a second clamp-on
meter will be used simultaneously to supportand confi ~ theresultfromthefi meter.

Forvery small fl ws, volumetric testingis acceptable.

Use oftestrigs is the preferred method for all verifi tions.

Ultrasonicclamp-onmeters canonly beusedto verify fl wsthataretoogreatto passthroughatestrig.

Forvery small fl ws, volumetric testing is acceptable.
Clamp-on Ultrasonic

Referencemeter, in-line, by-passortestrig.

On-site volumetric or gravimetric

On-site electronic validation
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Consenting Authority

Approved Verification Methods

Otago Regional Council

Environment Southland

Clamp-on Ultrasonic

Reference meter,in-line, by-passortestrig.

On-site volumetric or gravimetric

On-site electronic validation

Openchannel velocity-area (currentmeter) method
Clamp-on Ultrasonic

Reference meter,in-line, by-passortestrig.

On-site volumetric or gravimetric

On-site electronic validation

Note: Always check with the relevant Consenting Authority as to which verification method is suitable in the areain which you are

intending to operate.
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