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Abbreviations and acronyms

atm Atmosphereg obsolete measure of pressure

Bar Measure of pressure Sl unit

EC European commission

EU European Union

GGTC Georgian Gas Transportation Company

GSM Global System fdvlobil Communications

IGEM Institution of Gas Engineers and ManageldK

ITS Inogate Technical Secretariat

Mbar One thousandth division of 1 Bar

Ofgem Office of Gas and Electricity Markets

MOP Maximum operating pressure

NRV Non Return Valve

RIIO UK Energy Regulator (Ofgem) price control mdtievenue=Incentives+ Innovatien
Outputs

PRMS Pressure reduction and metering station

PCV Pressure Control Valve

PRV Pressure Relief Valve

SCADA Supervisory Control and Data Acquisition

SDR Standarddiameterratio ¢ used for PE pipe

STP Standard Temperature and Pressure

UK United Kingdom
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1 PART 1 EUROPEAN COMMISSION

1.1 Background

The INOGATE Programme is an international energgpeaation programme between the
European Union and the Partner Countries (PC) of Armenia, Azerb&garus, Georgia,
Kazakhstan, Kyrgyzstan, Moldova, Tajikistan, Turkmenistan, Ukraine and Uzbekistan. Georgia as an
associated EU member and a candidate for the full accession to the Energy Community is keen to
come closer to the EU practices concerning agament of gas infrastructure.

The Georgian gas transmission system is going through large scale rehabilitation and modernisation
in order to achieve safe and reliable gas transmission in the country. An important part of this
process is the modernisatiasf metering and data processing systems which is vital for the effective
management of the gas grid. GGTC, the beneficiary of this assignment,ely largharge of this
process.

1.2 Essence of Activity

The overall objective of this study designatédL YVudld#e procedures on crebsrder metering
adlFdA2ya IyR dzZJAN}YRAYy3 GKS {/15!1 aedaidSyiste T GKS
support the GGTC in its efforts to improve current gas metering systems and related procedures
used in the gas tr@smission and to achieve a significant reduction in gas losses (technical and non
technical) as well as to adopt cesffective practices and to ensure long term stability and accuracy

of gas metering.

1.3 Key findings

The key findings of the study are sumnsad as follows:

1. From information gathered at the visits to gas pressure reduction and metering
AyaarttriAaAzyQas RdNAy3I (GKS YAaarizy G2 DD¢/ =
pressure reduction equipment was not being maintained, calibratedcertificated to
standards adopted more widely in Europe;

2. The pressure reduction equipment observed did not comply with the exacting requirements
of European standards to ensure the safety of gas users and the greater population housed
near to gas pipelinsystems;

3. We estimate that metering accuracy could be improved by 2% by introducing an effective
maintenance and calibration regiméhe associated improvementvould lead to greater
income recoverfrom consumers whicls estimated to be 2.87 million Euper annum for
GGTC as a whole. The cost of improving calibration and maintenance regimes for 300
installations (GGTC assets) is estimated at 675,000 Euro per annum. The benefits of
improved calibration could therefore be in excess of 2 million Euro peuranfor a 2%
improvement in metering accuracy and 0.75 million Euro per annum if only a 1%
improvement in metering accuracy was achieved. The investment in this change to operating

Pager of 86
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practices would provide an almost immediate paykactrecovering lost incoe associated
with inaccurate metering;

4. If the reports recommended solutiorwas adoptedto install closed loop pressure
management equipment in conjunction with replacing pressure reduction equiptoeBN
12186 then GGTC would achieve significant sasirgssociated with reduced leakage
(technical loses). By reducing the system average pressure at periods of low gas demand the
leakage rate could be improved by between 4 and 12%, of the cumgmbrted 4%,
depending on the averagg/stempressure redugbn achieved. For GGTiGs calculated that
the saving could be betwee388,000 Euro and 1,060 million Euro per anpum

5. To upgrade pressure reduch equipment to the European standard EN 12186uld
require significant Capital investment, 20 mitli&urosfor GGTCThis investment would be
directed to installing new pressure regulators designed to a modern standard with improved
reliability and enhanced safety features to protect the downstream network from over
pressure which is recognised as one of thigiple causes of gas related incidents resulting
in injuries and fatalities;

6. From UK experienceh¢ benefits of upgrading pressure reduction equipment to the
European standardeEN 12186would result in a reduction in gas related incidents (Injuries
and faalities) leading to improved Company reputation and the popularity afired gas as
the fuel of choice.

1.4 Ownership and benefits of the activity

The ownership for implementing the recommendations made in this reigatearly assigned to the
Beneficiary GTC. Ownership responsibility was conveyed at a workshop held on theebBuary
2016. The oneday workshop hosted about 15 participants from GG3€2 inAppendix 19 the
relevant agendaparticipants listand photo3g. Thediscussions at the workshamwered issues such
as:

scope of works;

inception missions;

site visit findings;

recommendations: metering fressure regulators

cost benefit analysis:

disaission of technical report.

To Do Do Do Do Ix

The participants have shown a particular interest to the results of ¢hetbenefit analysis
performed by the experts and the suggested upgrade that has to be made to the currently used
metering and pressure reduction equipment.

Before the workshop the grticipants wererequested to complete a questionnaire (arte
guestionraire) whichmap out the level of understating of each individual anderveld as a basis on
which to compare the knowledge gained after the workshop (checked through thposx
guestionnaire)Here are somexamples of the questions that have begsed inthe exante and ex
post questionnaires:

PageB of 86
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- How would you rate your knowledge on advanced metering and pressure regulation
systems?

- How would you rate your knowledge of measures necessary for minimizing pressure
losses and energy costs?

- Please rate the usefoéss & quality of each session

- Please explain briefly how you will apply the acquired knowledge and skills to your daily
work (please include specific examples).

The data from the questionnaires shows that the participants have gained knowi@ige in
average)as a result of the workshogn critical issues relevant to how specify, install, operate and
maintain meters and pressure regulators for propeeggtion of the gas grid network.

The benefits of implementing the recommendations associated withkiiy findings of the report
are summarised aslows:

1. An achievable improvement of 2% in tegng accuracy resulting ifmproved income
recoveryfrom customers estimatedb be 2.87 million Euro per annum;

2. A reduction in lost gas associated with leakame introducing an effective pressure
management policy. The savings associated with reduced leakage are estimated to be
between338,000 Euro and 1,060 million Euro per anpum

3. Reduction in gas related incidents (Injuries and fatalities) leading to impr@adpany
reputation and the popularity of natural gas as the fuel of choice.

1.5 Recommendations

The report provides detailed advice and recommendations on the solutions available in Europe and
Worldwide to improve metering accuracy and equipment configuratiwhgh would ensure safety

and comply with applicable European standards. The application of these recommendations would
reduce metering errors (noetechnical losses), reduce leakage (technical losses) and reduce the
number of gas related incidents and ergencies leadingp improved Company reputation.

Improvements cannot be achieved immediately however it is recommended that GGTC adopt the
following European standards in preference to current Soviet based policies and procedures:

1. EN 12186 Gas infrasttuce T Gas pressure regulating stations for transmission and
distributiont  Functional requirements

2. EN 1776 Gas suppiyNatural gas measuring statiogg-unctional requirements

The setting of a new policy in compliance with European standards is consiielerthe most
important and immediate task for the Beneficiary GGTC.

1.6 Challenges faced

The Beneficiary GGTC was fully cooperative in identifying the pilot area on which the study is based.
Furthermore, site visits were facilitated and information wasviled as requested. The ongoing
challenge is to engage the Beneficiary in the cultumabl organisational changesquired to
implement the standards, policies and procedures associated with the relevant European standards.

Paged of 86
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1.7

Tablel: Impact matrix metering accuracy

Impact matrix

TaskCWP.09.GE Achieved | How achieved Cost Safety | Costimpact
related related
impact impact
Propose a set of measures that minimgressure Presented UK practice ar The savings associated with reduced leakage
losses and energy costs; Yes provide cost benefif Y€S Yes | implementing an effective pressure managems
analysis policy in conjunction with upgrading pressu
T =T A S S == - control equipment to the current Europea
LYONBI &SR O LJ OAue 2% Recommendations auip . P
. o . . standard are estimated to be between 338,0
install, operate and maintain meters and pressl provided in the report and .
. . . Euro and 1,060 million Euro per annum, depend
regulators which will lead to a proper ar Yes illustrated at the Yes Yes . .
. . ) - on the overage reduction in system pressy
smoother operation of the gas grid network whi Beneficiary workshop achieved
in turn will guarantee the long term reliability an '
stability of gas supply; To upgrade pressure reduction equipment to t
Adopting optimum maintenance and  rig lllustrated at the European standard EN 1218@&ould require
management strategies will lead to, firstly, tH Beneficiary workshoy significant Capital investment, 20 million Euros
reduction on the operational expenditure of th ongoing support required GGTC.
company and, secondly, a reduction of t Ongoing Yes Yes
number of accidents that occur due to bad r This investment would be directed to installing ng
management ormetering defects as well as pressure regulators designed to a modern stand
the transmission network features to protect the downstreametwork from
: : : : over pressure which is recognised as one of
Adoption of the most feasible technical solutio Illustrated at the principle causes of gas related incidents potenti
for costeffective gas metering (flow metering _ Beneficiary workshoy resulting in injuries and fatalities.
equipment and pressure control systems that\] ©Ngoing | ongoing support required Yes Yes

allow GGTC to upgrade its current meteri
infrastructure
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Table2: Impact matrix¢ pressure management

TaskCWP.09.GE Achieved How achieved Cost Safety Cost impact

related related

impact impact
Assess and propose the most feasi Reviewed existing installations in a pil Metering accuracy could be improved by 2
technical solutions forcosteffective gas Yes area reported on findings and maq Yes Yes by introducing an effective maintenance a
metering (flow metering) equipment; recommendations calibration regime.
Assess and propose the optimu Desk top review of UK and Europe The associated improvements would lead
maintenance and risk manageme standards, made recommendations in tl greater income recovery from consume
strategies; Yes report and furtrer illustrated at the GGT{ Yes Yes which is estimated to be 2.87 million Eu

workshop per annum for GGTC as a whole.

The cost of improving calibration ar

LYONBLFasS OF LI OAaGe Recommendations provided in the repd maintenance regimes for 300 installatio
specify, install, operate and mainta and illustrated at the Beneficiar (GGTC aets) is estimated at 675,000 EU
meters and pressure regulators for prop workshop per annum.

ti f th id network; . . I
operafion of the gas gric networ The benefits of improved calibration cou

therefore be in excess of 2 million Euro g
Yes Yes Yes annum for a 2% improvement in meterin
accuracy.

The investment in this change to operati
practices would provide an rabst
immediate pay back in recovering Ilo
income associated with inaccurate meterir]
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2  PART 2 BENEFICIARY

2.1 Executive Summary

The INOGATE Programme is an international energgpeaation programme between the
European Union and the Partner Countries (PC) of Armehirbaijan, Belarus, Georgia,
Kazakhstan, Kyrgyzstan, Moldova, Tajikistan, Turkmenistan, Ukraine and Uzbekistan. Georgia as an
associated EU member and a candidate for the full accession to the Energy Community is keen to
come closer to the EU practicesnoerning management of gas infrastructure.

The Georgian gas transmission system is going through large scale rehabilitation and modernisation
in order to achieve safe and reliable gas transmission in the country. An important part of this
process is the maernisation of metering and data processing systems which is vital for the effective
management of the gas grid. GGTC, the beneficiary of this assignment, is largely in charge of this
process.

The overall objective of this study designatédL Y LINE @rocédurediol Brodsorder metering
adrFdA2ya IyR dzZJANYRAYy3I GKS {/15!1 aeaidSvyiste T GKS
support the GGTC in its efforts to improve current gas metering systems and related procedures
used in the gas transmissi@nd to achieve a significant reduction in gas losses (technical and non
technical) as well as to adopt cesffective practices and to ensure long term stability and accuracy

of gas metering.

A baseline assessment mission wasccessful in identifyingyith the Beneficiary GGCT, a pilot area
in which to conduct the study. The pilot area compriselinia flow measurement in and out of the
pilot area and offtake metringstations supplied from the pilot area gas transmission system.

Computation of the madring data provided by GGTC over a 5 day period in February 2015 has
identified a discrepancy of betweef% and + 6% of measure gas flows out of the system compared
with gas flows into the system. The value of the gas associated with this discrepastisnéged to

be between-1.8 and +1.125 million USD per annum.

Site visits have been conducted to seven metering stations andréssure reductiorequipment on
these sites was found to be typical of ageanyl obsoleteassets. Many of the pressure moriitag
devices were found to be corroded and equipment was not sufficiently well installed or protected
from adverse ambient weather conditions therefore compromising their functionality and accuracy.

The installed pressure control equipment was found rwtricorporate the required safety features
to comply with the current European standard for pressure control EN 12186.

The metering equipment in some cases was not sufficiently accurate (Orifice plate meters) to
measure gas flows to a fiscal standard heeswethe gas turbine meters and volume correctors were
found to be sourced to a current standard.

The metering equipment showed evidence of poor maintenance, inadequate
calibration/certification and the absence of a regime which would ensure reliabilityasf flow
measurement.
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Having formed a base line assessment for theets the consultantsset out in this report
recommendations to the Beneficiary which if implemented will reduce-mahnical losses and
contribute to a reduction in technical losses.

The bases of design for the technical review #re European standards &sllows:

1. EN 12186 Gas infrastructure Gas pressure regulating stations for transmission and
distributiont Functional requirements

2. EN 1776 Gas suppiyNatural gas measuring statiogg-unctional requirements
These European standis aresupplemented using informatiofnom: -
1. UK recommendations on metering and pressure control IGEM/GM/8 and IGEM/TD/13

2. Practical experience of improving and upgrading metering installations in the UK and
Lithuania

The conclusions of the report are summariseddadlews: -

1. From information gathered at the visits to gas pressure reduction and metering
AyaadrttriAaAz2yQas RdNAy3I (G(KS YAaarzy G2 DD¢/ =
pressure redudbn equipment wasnot being maintained, calibrated or certificated to
standards adopted more widely in Europe;

2. The pressure reduction equipment observed did not comply with the exacting requirements
of European standards to ensure the safety of gas usedstlze greater population housed
near to gas pipeline systems;

3. The report provides detailed advice and recommendations on the solutions available in
Europe and Worldwide to improve metering accuracy and equipment configurations which
would ensure safety ahcomply with applicable European standards. The application of
these recommendations wouldreduce metering errors (netechnical losses), reduce
leakage (technical losses) and reduce the number of gas related incidents and emergencies
leading to improvedCompany reputation;

4. We have estimated that by improving the maintenance, inspection, calibration and
certification of meters the accuracy could be improved by as much as 2%. For the pilot area
we have calculated that this would result in income being veced for an additional
28,000m3 per day for unaccounted gas delivered to customers. Based on an average gas
price of 100 USD per 1000m3 (Information provided by GGTC) the additional income
generated could be 2,600 Euro per day

5. The investment in this clmge to operating practices would provide an almost immediate
pay back in recovering lost income from inaccurate metering. The costs of the
recommended maintenance practices are detailed Tiable 23of the report and are
estimated to be 225,000 Euro annyalfor the pilot area. Given that GGTC are already
allocating manpower to existing maintenance practices we have estimated that only 30% of
these costs would be additional to current costs (67,500 Euro). For a 2% improvement in
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metering accuracy a paybackould be achieved in 60 days and even if the metering
accuracy was only improved by 1% a payback could be achieved in less than 1 year;

To upgrade pressure reduction equipment to the recommended standard would require
significant Capital investment, 2 molli Euros for the pilot area alone. This investment would
be directed to installing new pressure regulators designed to a modern standard with
improved reliability and enhanced safety features to protect the downstream network from
over pressure which is cegnised as one of the principle causes of gas related incidents
resulting in injuries and fatalities;

The benefits of upgrading pressure reduction equipment to the European standard are not
easily quantifiable however from experience in the UK the imeneents would result in a
reduction in gas related incidents (Injuries and fatalities) leading to improved Company
reputation and the popularity of natural gas as the fuel of choice;

If the reports recommended solution to install closed loop pressure memagt
equipment in conjunction with replacing pressureduction equipment was adoptethen

the Beneficiary would achieve savings associated with reduced leakage (technical loses). By
reducing the system average pressure at periods of low gas demandakagle rate could

be improved by between 4 and 12%, of the current 4%, depending on the average pressure
reduction achieved. For the pilot area it is cddétad that the saving could bbetween

55,000 and 175,000 Euro annually;

Whilst the investment imew pressure regulators coulpgayback over a 10 year period the
replacement policy would take many years to implement and the availability of Capital
funding could be a major constraint for GGTC,;

The previous conclusions relate to the selected pilot area.fiflaéngs from the pilot area
investigation have been applied to GGTC as whole in Se2tigh(Cost benefit analysis
GGTC). For GGTC as a whole the findings are summarised as follows:

a. Income recovery could be improved by 2.87 million Euro per aniaur@GTC if a 2%
improvement in metering accuracy was achieved. The cost of improved calibration
and maintenance for 300 installations (GGTC assets) is estimated at 675,000 Euro
per annum. The benefits of improved calibration could therefore be in exde&s o
million Euro per annum for a 2% improvement in metering accuracy and 0.75 million
Euro per annum if only a 1% improvement in metering accuracy was achieved;

b. The savings associated with reducing leakage through pressure management have
been estimated abetween 338,000 Euro and 1,060 million Euro per antiorman
average system pressure reduction of between 1 and 3 Bas. ektimated that an
investment of 20 million Euro would be required to upgrade the GGTC gas control
installations to the current BEopean standard. Upgrading the installations would
improve safety and gas supply reliability in accordance with design concepts
underpinning EN 12186Gas pressure regulating stations for transmission and
distributiont  Functional requirements
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2.2 Context
2.2.1 INOGATE programme

The INOGATE Programme is an international energgpeaation programme between the
European Union and the Partner Countries (PC) of Armenia, Azerbaijan, Belarus, Georgia,
Kazakhstan, Kyrgyzstan, Moldova, Tajikistan, Turkmenistan, Ukrain&zoekistan. The Partner
Countries agreed to work together towards achieving the following major objectives:

1. Converging energy markets on the basis of the principles of the EU internal energy market,
taking into account particularities of the involved caues;

2. Enhancing energy security by addressing the issues of energy exports/imports, supply
diversification, energy transit, and energy demand;

3. Supporting sustainable energy development such as the development of energy efficiency,
renewable energy, and deand side management; and

4. Attracting investment towards energy projects of common and regional interest.

Under the framework of the INOGATE programme the European Commission (EC) has launched a

ySé LINRP2SO0 SyidAaidf SR aL b h DddPagratn@eiiksligp@tliofitne Ba&kO NS G | N

LYAGAFGAGS YR GKS 9FaidSNYy tIFNIYSNERKALI SySNHE®@
2012 and are being carried out over @ar period.

Under the Component B4: Sustainable and efficient energy transit infisres, he new project
includessub-components to deal with the:

1 Transfer of EU best practice on technologies and methodologies of gas losses detection &
reduction;

1 Transfer of surveillance techniques, feasibility of pipeline safety, and securityrgyste
9 Introduction to pipeline management infrastructure and training on software solutions; and
1 Improvement of metering and billing.

In the work plan for the period 2018016 emphasis is given to those areas of intervention which are
in line with theproposed new INOGATE strategy, bringemggible results and impact, and have no
duplication with other EU programmes and assistance provided by multilateral and bilateral donors

2.2.2 Beneficiary Organisation
The Beneficiary organisation for this project is tAeorgian Gas Transportation Company (GGTC).
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2.3 Objectives and expected results
2.3.1 Overallobjectives

The Georgian gas transmission system is going through large scale rehabilitation and modernisation
in order to achieve safe and reliable gas transmissiothécountry. An important part of this
process is the modernisation of metering and data processing systems which is vital for the effective
management of the gas grid. GGTC, the beneficiary of this assignment, is largely in charge of this
process.

In the EUa requirement for the effective management of the gas grid using modern gas metering
systems is stipulatetdy the EU Third Energy Packadgeeorgia as an associated EU member and a
candidate for the full accession to the Energy Community is keen te aboser to the EU practices
concerning management of gas infrastructure.

The overall objective of this task is to support the GGTC in its efforts to improve current gas
metering systems and related procedures used in the gas transmission and to aclsigvifiaant
reduction in gas losses (technical and fiechnical) as well as to adopt cesffective pratices and

to ensurelong term stabilly and accuracy of gas metering

2.3.2 Specific objectives
The specific objectives of the assignment are to:

1. Assess an@ropose the most feasible technical solutions for eef§ective gas metering (flow
metering) equipment;

2. Assess and propose the optimum maintenance and risk management strategies;

Propose a set of measures that minimize pressure losses and energy costs;

4, NONBI &S OFLJ) OoAle 2F DD¢/ Qa LISNrR22yySt (2 aLl
pressure reglators for proper operation othe gas grid network;

w

2.3.3 Results to be achieved

The results of the Activity in short to medium and long term will be theviglg:

1. LYONBI 4SR OF LI OAGe 2F DD¢/ Qa LISNE2YyySt (2
pressure regulators which will lead to a proper and smoother operation of the gas grid
network which in turn will guarantee the long term reliability and sliabof gas supply;

2. Adoption of the most feasible technical solutions for cadfective gas metering (flow
metering) equipment and pressure control systems that will allow GGTC to upgrade its
current metering infrastructure which will lead to:

- Improvement of the accuracy of gas meters currently used meaning reduction
of gas loss for the company but also for the consumers it serves. This will also
improve consumer relations and reduce the number of disputes between the
company and unsatisfied cenamers (inclusive of businesses) receiving less gas.
The energy investment climate will also be influenced terms of the cross
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border trade the benefits are even greater due to large amounts of gas passing
through the meters at the border and high imp@nce to avoid disputes
between the countries;

- Proper and optimal ways of using the pressure regulation equipment will lead
to minimizing pressure losseisg gas losses) and energy costs;

1 Adopted optimum maintenance and risk management strategies lealtl to, firstly, the
reductionon the operational expendituref the company and, secondly, a reduction of the
number of accidents that occuiue to bad risk management or metering defects as well as a
reduction in the number of gas interruptions in ttransmission network;

2.3.4 Indicators to measure the impacts and Benefits of the assistance

Thisactivity will havetwo setsof impacts,some of which will be measuredin the short term, and
othersin the mid to longerterm.

The short term quantitative and quditative indicatorswill measurethe immediate resultsand will
include:

1. Indicatorsthat will measurethe increasedcapacityof D D ¢ /péksbnnelas a result of the
performed workshop. Participantswill be requestedto complete a questionnaire(exante
guedionnaire) which will map out the level of understandingof eachindividual and will
serveasa basison which to comparethe knowledgegainedafter the workshop(checked
throughthe ex-postquestionnaire) Beloware someexamplesof the questionsto be usedin
the ex-ante andex-postquestionnaires:

- How would you rate your knowledge on advancedmetering and pressure
regulationsystem®

- How would you rate your knowledge of measuresnecessaryfor minimizing
pressurelossesandenergycosts?

- Pleasegate the usefulnesst quality of eachsession

- Pleaseexplainbriefly how you will apply the acquiredknowledgeand skillsto
your dailywork (pleaseincludespecificexamples).

2. Theindicationthat the operationand maintenanceplanfor GGGT@or 2016(to be prepared
in the end of 2015) includes costeffective gas metering (flow metering) equipment and
pressure control systemsas well as elements of the proposed maintenance and risk
managementstrategies.Theplan preparedat the end of 2015and will be madeavailableto
the ITSexperts.

In addition, ITS(the permanentstaff of Thilisioffice team basedat GOGCill alsoaimto assesshe
mid-term impact of this activity through collecting regular information and updates (every 3-4
months)from the beneficiaryorganisation (GGTCafter completionof the assignment

Mid to longterm qualitativeand quantitativeindicatorswill include:
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- Volumesof gassavedasaresultof improvedaccuracyof gasmeters

- Numberof disputesbetweenthe gascompany(GGTCandits consumers

- Maintenance& operationalexpenditure;

- Numberof gassupplyinterruptionsthat occurredasa resultof meteringerrors,
- Numberof gasaccidentsoccurreddueto dysfunctionof the metring system

2.4  Scope of works

2.4.1 Project Scope of Works
The projectscope of workgomprisesh distinct steps as follows

1. Establish a specific, relevant and measurable baseline for the activity by means of:

a) Preparation of a detailed questionnaire to identify current design, components and
O&M strategy for GGTC;

b) review of the current condition of the gas grid mainly the high pressure part,
metering units, pressure reduction stations, etc.;

c) determine current local practices regarding metering, data collection and
processing, maintenance and operation of metering units (iidlg crosshorder
metering), pressure control and regulation as well as use of SCADA in gas grid;

The above will be achieved through obtaining the data using the above mentioned
guestionnaires (to be sent in advance) and also structured interviews usiagklist
prepared by ITS during thedi mission of the experts to Georgia facilitate a detailed
understanding of local context issues and current equipment used. During the first mission
the experts will also be able to visit the pilot area thatl wé chosen by the beneficiary (not

far from Thilisi) and familiarise themselves with the metering infrastructure and the relevant
practices used there. The pilot area will be used in the end of the assigrimender to
quantify the benefits (level of naetechnical losses, reduction in operational expensds.,)

of the proposed improvement measures;

2. Prepare a summargctivity inceptionreport reflecting the findings of the above exercise on
establishing the spsfic, relevant and measurable baseline;

3. Prepare a technical report addressing the following issues: :
- Determined quantities of pressure control and metering systems;

- Define minimum functional specifications for pressure control and metering
systems that ee compliant to:

o Interface with existing local infrastructure (including underground
metering locations with all secondary connections made above ground);
0 Meet European and International standards;

- Address key risks associated with over pressure andfosspply;

- Optimum maintenance and risk amagement strategies to be used.
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4. Conduct, usinglesk research and available sources:

- areview of EU and international experience on using the advanced metering
and pressure regulation systems as well as gas gricageanent;

- a technical evaluation of the international market for advanced metering
pressure regulation systems and evaluate the adaptability with the existing
metering systems;

5. Carry out a short codtenefit analysis on proposed cesffective solutions €.g. cost
effective flow metering, ensuring long term stability and accuracy, maintaining a more
constant flow, optimisation of work practicegtc.) suitable for the local environment.
Perform the relevant calculations and the assessment on the applicatfidhe proposed
solutions to the pilot area;

6. Complete a onalay workshop for about 2@5 participants from GGTC to present the above
FAYRAY3Ia YR AYONBIFaS OFLIOAGE 2F o0SYSTFAOAI
maintain meters and pressuresegulators for proper operation of the gas grid network
avoiding noAametered consumption. ITS experts will ensure that the participants to the
workshop are prepared before the workshop in order to maximise the results achieved (to
be done through tk questonnaire as explained aboye

2.4.2 Meeting the objectives of the Scope of Works
Following publication of the Project Inception RepdnistTechnical Report addresses items 3, 4 and
5 of the overall project sque from the following list-

1. Determined quantitief pressue control and metering systems

2. Defined minimum functional specifications for pressure control and metering systems that
are compliant to:

a) Interface with existing local infrastructure (including underground metering
locations with all secondarponections made above ground);

b) Meet European and International standards;
3. Address key risks associated with over pressure and loss of supply;
4. Optimum maintenance and risk management strategies to be used,;

5. Conduct, using deskesearch and available sourcesreview of EU and international
experience on using the advanced metering and pressure regulation systems as well as gas
grid management;

6. Conducta technical evaluation of the international market for advanced meteringsre
regulation systems and evaluate the adaptability with the existing metering systems;

7. Carry out a short codtenefit analysis on proposed cestfective solutions (e.g cost
effective flow metering, ensuring long term stability and accuracy, maintgisinmore
constant flow, optimisation of work practicegtc.) suitable for the local environment.
Perform the relevant calculations and the assessment on the application of the proposed
solutions to the pilot area.
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2.5 The Georgian Gas Transportation Compd@GTC)

Information regarding the structure and operation of GGTC was derived from responses to a
questionnaire issugto GGTC on tha0" August 2015. A copy of the questionnaire is included in
Appendix 2 A summary of the response provided by GGTCfisllasvs: -

The GeorgianGasTransportCompany GGTC}¥uppliesnatural gasvia trunk gaspipelinesto cities,
towns, businessesand institutions including large and medium-sized companies engaged in
agriculturalactivitiesin the Republicof Georga.

GGTG@lsotransportsnaturalgasfrom the Russiari-ederationto the Republicof Armenia.

Thegasnetwork comprisesl 915.396km of pipelineand more than 300largeand mediumsizedgas
distribution stations.

Informationrelatingto the gasdistribution stationsis summarisedasfollows: -

1 Measuringstationsare equippedwith flowmeter Flobossl03or turbine countersELSTERRZ,
COMMONCGTELSTERasvolume CorrectorsEK220, aswell as electronicgauges sensorsfor
measuringgastemperatureandgas densitymeasuringinstruments;

1 Gasdistribution stations are equipped with flowmeters and gasflow compuers providing
hourly anddataby minute;

1 All gas distribution stations comprise flowmeters, gas consumption correctors, electronic
gaugestemperature gaugesand devicesfor measuringdensity. Theyare equipped with GSM
equipment for populating an electronic database. The electronic databaseis utilised for
optimisingsystemlossesandto monitor naturalgasconsumption

GGT@&mploys staff (crawlerswarders) with responsibilityfor the exanination of specificlocations
on the pipeline system. Maintenance staffs are equipped with monitoring and GPSnavigation
equipmentto enablethem to undertakeactivities carried out on the pipeline route. Theyprovide
information on the detection of gasleaksand other issuesobservedon the pipelineto the main
Companydispatchingdepartment.

Natural gas is supplied into Georgia from 3 separate sources Under the contract for the
transportation of gasthrough the main transit pipeline (12031000 mm) from the territory of the
Russia Federationto the territory of the Republicof Armenia,the Republicof Georgiareceivesl0%
of the volumeof gastransportedfor its own use.

Thisgasis blendedwith gasfrom AzerbaijanSOKARgnd gasin the SouthCaucasiatdighway(Shah
Deniz)

At all measuringandblendingsitesnatural gasdensityis monitored by takingsamplesor analysigo
the Companygaschromatographychemicallaboratory. The laboratoryis certified accordingto 1SO
standards.

Daily analysigs carriedout from sampledakenat 13 different locationsusinga MGCchromatograph
CR4900VARIAN.

A mapshowingthe extentof the GGT@asnetworkis asfollows:-
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Figurel: GGTC gas network

2.6 Establishing dase line for the study
The base line status of the GGTC gas transportation and metering assets was established at the
following events:-

1. t NBEAYAYINE YSSGAYy3I 6A0GK (GKS NBLINBaSydal A @S
presentation was made by the key expert Phil Winnard. A copy of the presentation is
included inAppendix 3 The meeting took place in Friday®3ctober 2015. Notesfdhe
meeting are included iAppendix 4

2. Site visits to GGTC pressure reduction and metering stations carried out on“the 3
November 2015. A report from each site visit is includefippendices § 13

3. Publication of the Inception rept. A resume of thdindings isncluded inAppendix 1

2.6.1 The pilot area concept
In order to focus attention on the base line condition of assetspliance with European standards

/practicesand quantification gas lossegpdot area concept was developed.

The pilot area cacept is illstrated in the following diagramm
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Figure2: Pilot area concept

The pilot area concept haseen specified witlthe following characteristics:

1.
2.
3.
pilot area
2.6.2 PBilot areaselection

A single metering station entering the pilot area;

Multiple meteringofftakes leaving the pilot area

A data management system for recording gas flows and pressures entering and leaving the

The Beneficiary GGTC recommended a pilot area where gas measuring fiwstaliare installed at
locations where gas enters and leaves tpdot area gagransmission pipeline network andhere
there are measuring stations installed at each offtake to industrial, commercial or residential

consumers.

A screen shot from the GGTC SCADA monitoring sysédiming the pilot area is shown in the

following diagram:
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Figure3: GGTC Pilot area proposal

The pilot area is bounded by the online metering stations located at Saguramo and Vaka. Gas flows

into the pilot area networkat the wesern metering station located at Saguramo via a single
metering station.

Gas flows out of the pilot area at Vaka where two metering stations measure gas flows to the West
and South.40 meteredofftakes supplinggas consumers are located within the pitoea.

The Beneficiary has provided gas metering data for the perfbtb3he 13" of February which is
regarded typical of a winter high demand profile.

Metering data for Saguramo and Vaka is includedppendix 14and the offtake metering data is

included in Appendix 15 This metering data is for a typical peak winter periddte the 13"
February 2015.

System pressures within the pilot area vary between 14.42 Bar at Saguramo and 12.73 Bar at Vaka at
the time the field visit was conductesh the 4" November 2015

A summary of pipe sizes which comprise thénwgk is tabulated as follows:

Nominal pipe diamete| Length (km)
DN 200 13.3

DN 300 16

DN 500 28.1

DN 700 81.6

Table3: Network pipe sizes
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2.6.3 Gas flow balance ithe pilot area

From the data provided by GGTC a summary of the measured gas flows for the ‘Yateth® 13"
Februaryis tabulated as follows:

Nominal pipe diameter oth  Feb[ 10" Feb| 11" Feb| 12" Feb| 13" Feb
2015 2015 2015 2015 2015
(x1000)m3 | (x1000)m3 | (x1000)m3 | (x1000)m3 | (x1000)m3
Gas flow into the Pilot area at Sagurar 1349.628 | 1367.909 | 1432.553 | 1408.320 | 1427.951
Gas flow out of the Pilot area at Vaka | 1040.970 | 1042.105 | 1043.954 | 1016.196 | 1009.292
Total gas flow at metered offtakes 346.579 | 332.549 371.550 | 400.150 | 408.829
Total of hnical and n hnical
otal of technical and netechnica -37.921 -6.745 +17.049 -8.025 +9.831
lossegdmetered)

Table4: Metered gas flow balance

Note: The gas losses have been calculated by subtracting théogasg out at the extremity of the

pilot area from the gas flowing into the pilot area and then comparing this with the sum of the meter

consumption values for each offtake connected to the pilot area over the same period.

The above data must be correctéal system lingpack which is the difference in the gas held in the

pipeline system at the beginning and end of each gas day. The line pack is proportional to the system

volume and the system pressure appertaining at the beginning and end of each géesssiaying

constantgastemperatureof 7 Degrees )CThe system line pack differences are tabulated as follows

for each day the meter data has been provided.

Day Effective Effective Effective Line Packl Pressure at Pressure at
system volume at start| volume at | difference start of day | end of day
volume at | of day end of day (x100am3) | (Bar) (Bar)

STP (x100aM3) (x100aM3)
(x100aM3)

9th February 2015 | 38.5 761 718 -43 17.2 15.6

10th February 2015 38.5 718 707 -11 17.0 15.3

11th February 2015 38.5 707 720 +13 15.7 17.2

12th February 2015 38.5 720 709 -11 17.0 154

13th February 2015 38.5 709 716 +6 15.6 17.1

Table5: Line pack correction
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The total effective technical and netechnical losses, taking account of the Ho&ck correction
factor, for the period under review are tabulated as follows:

Day Lossesx1000n3) Losses as proportion 0|
gas conveyed (%)

9th February 2015 -80.921 -6%

10th February 2015 -17.745 -1.3%

11th February 2015 +30.049 +2%

12th February 2015 -19.025 -1.4%

13th February 2015 +15.831 -1.1%

Table6: Losses summary

It can be seen from the above data that the system losses vary betvé8érand +2% (8% swing).
The headline leakaggtechnical lossyeported by GGTC is% however no basis was provided by
GGTC for this assumption.

Based on the data provided it can be concluded that the gas measurement data available from the
SCADA system provides an unreliable basis for asserting confidence inctmacgcof inline and
offtake metering and hence the estimation of ntechnical and technical losses.

2.6.4 Pilot area base line assessment

Seven metering stations were visited during the mission conducted on the 3rd November 2015. The
Inception report includedn Appendix 1with associated visits noteprovides a detail assessment of
the condition and technical compliance of the assets

Theselectedbases of design for the technical review #re European standards as follows:

1. EN 12186 Gas infrastructure Gas pressure regulating stations for transmission and
distributiont  Functional requirements

2. EN 1776 Gas suppiyNatural gas measuring statiogg-unctional requirements
These European standards whetgoplemented by
1. UK recommendations on metering aptessure control IGEM/GM/8 and IGEM/TD/13

2. Practical experience of improving and upgrading metering installations in the UK and
Lithuania
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The equipment was found to be typical of ageiagd obsoleteassets. Many of the pressure
monitoring devices were fouhto be corroded and equipment was not sufficiently well installed or
protected from adverse ambient weather conditions therefore compromising their functionality and
accuracy.

The installed pressure control equipment was found not to incorporate theiredisafety features
to comply with the current European standard for pressure control EN 12186.

The metering equipment in some cases was not sufficiently accurate (Orifice plate meters) to
measure gas flows to a fiscal standard however the gas turbirtersiand volume correctors were
found to be sourced to a current standard.

The metering equipment showed evidence of poor maintenance, inadequate
calibration/certification and the absence of a regime which would ensure reliability of gas flow
measurement.

The following sectios of this report provides recommendatiom®d ®@mmentary to address the
project scope of work set out in the project terms of reference as follows

1. Determined quantities of presga control and metering systems

2. Defined minimum fundbnal specifications for pressure control and metering systems
3. Address key risks associated with over pressure and loss of supply;

4. Provide @timum maintenance and risk management strategies to be used;

5. Conduct areview of EU and international experience on using the advanced metering and
pressure regulation systems as well as gas grid management;

6. Conducta technical evaluation of the international market for advanced metering pressure
regulation systems and evrlte the adaptability with the existing metering systems;

7. Carry out a short codienefit anaysis onthe proposed coseffective recommended
solutions

2.7 Quantities of pressure control and metering systems

The types of pressure control and metering statifaikinto two broad categories as follows:
1. Inline pressure reduction and metering statidgpically installed where there:is

a. A custody transfer between ongas network and another due to change of
ownership responsibility or charging zone
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b. Change ofpressure regime due to design code associated with pressure
containment

c. Monitoring of gas flows within a network where custody transfer does not take
place

Where metering is installed for either b or c above then the metering does not necessarily
need to ke designed to an accuracy standard sufficient for custody transfer. However if
information is required for estimating gas losses in the system then a custody transfer
standard is desirable.

2. Offtake metering and pressure control. In this case the meterhmulsi be designed to a
custody transfer standard as the measurement data derived from the meter readings will be
used for billing purposesi-or custody transfer the measured gas quantities should be
calculate on an energy basis corrected for temperaturd pressure and heating value of
the gas conveyed

3. In both cases 1 and 2 above the pressure control equipment must protect the downstream
system from over pressure and maintain continuity of supply.

2.7.1 Pilot area

The quantities of metering and pressure conteguipment for the pilot area are listed as follows:
1. Three inline meters measuring gas flows in and out of the pilot area. Not to fiscal standard
2. Forty offtake meters installed to fiscal standard

2.7.2 GGTC

For GGTC as a whole the beneficiary has stated ttiexe are 300 medium to large sized gas
distribution stations with many additional smaller stations connected to the system.
2.8 Key risks associated with over pressure and loss of supply
Metering equipment is usually incorporated ané pipework configuratioeomprisingthe additional
functionality of-

1. Filtration

2. Pressure control

3. Odourisation
In particularpressure control equipment should be design to addrémsrisks associated withver

pressure and loss of supply, explairesfollows: -

1. Fluctuation in downstrearpressure potentiallyeading to metering measurement errors
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2. Over pressure of the downstream pipework potentially leading to pipe failure, leakage, fire
and/or explosion endangering life and/or property

3. Interruption in gas supplyotentially leading to unignited gas entering a buildirfgor
example vihen supplies are reinstateghas can enter a room through an appliance which has
not been turned offpotentially leading to fire and/or explosion endangering life and/or
property. Thissituation will arise if connected appliances do not incorporate flame failure
devices.

The following sections provide an explanation of the minimum functional requirements for pressure
regulation and metering@uipment as adopted in Europe.

2.9 Minimum functional specification formetering and pressure control

This sectiordefines minimum functional specifications for pressure control and metering systems
that are complant to Eurogean and International standards.

2.9.1 Metering

2.9.1.1  Metering functional requirements

Metering irstruments play an important roleé the transportation of gas in aatwork. Variables
such as gas pressutemperature, and flow are important parameters to be measuatdll pints
of the network

These elementsre measured by special instnents which are installed at metering apdessure
regulation stationsThe entre system is monitoredither locally or by telemetry

The term instrument shalinean a sensitive electrical, mechanicaheumatic or digital variable
parameter measting or ransmitting device.The various types of metering instruments may be
classified depending on ¢htype of measurements they comprise

Ingereral,the main variablesire: -
1 Temperature
9 Pressure
1 Gas Flow
The most important instrment groups which measutbe above parameters aréstedas follows:
9 Thermometers (Analog or Digital/ Transmitters)
1 Manometers (Analog or Digital/ Transmitters)

1 Flow Meters (Orifice, Turbine, Rotary meters)
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2.9.1.1.1 Temperature and Pressure Gaugedleasurement Principles

The magnitudeor the quantitative value of temperature cannot be determined directly. Therefore,
the temperature véue is determined indirectlpn the basis otertain matter characteristice/hich
change as a function of temperature variation. Such characteristic properties are:

1 Length or Volume (based on thermic expansjon)
1 Electric changes (changes to electric resistgnce)
1 Visual properties

GGTAQuses a variety of pressure gauges. R@chanical pressure gauging, the main principle of
operation is thatthe static pressure athe gas medium causesnaechanical change of an accessory

or part of the metering instrument. This change is converted to a measurement on a calibrated
pressure scalesing a mechanical indicator.

2.9.1.1.2 Temperature Transmitters

Temperature Transmitters are utilised by GGTC to transmit temperature to remote points from the
physical point where the measurement takes place. The main operation principle of a temperature
transmitter is to convert the temperature value to an electric signal from 4 mA to 20 mA, and
transmit this to the final receiver. The receiver converts the electric signaltemperature display

The transmiter is calibrated to acale.

2.9.1.1.3 Pressure Transmitters

The main operation principle of a pressure transmitter is to convert the measurable pressure value
to an electric signal from 4 mA to 20 mA, and smnit this to the final receiver.The receiver
converts the electric signéd a pressure display

2.9.1.1.4 Oirifice date meters

Orifice plates are the most conon type of meterand are basically a machined metal plate with a
central orifice The plate has a sharp upstream edge and usually a bevelled edge downstream of the
flow.

When fluid passes throughan orifice platethe pressure drops suddenly. The flow continues to
contract and converges downstream of the plate with the point of maximum convergence (or
minimum area) called the vena contracta. The fluid then expands aattaehes to the pipe wall,

and the velocity profile recovers tothat before the constriction. There is a relatively large net
pressure loss across the orifice plate which is not recovered; this should be taken into account in
choosing a meter as orificplate. Orificeplates are not suitable for afipations where a large
pressure drop is nadesirable.
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Accuracy

When choosing a flow meter, there are many factors to consider, and among them the question of
accuracy is often most important. Whilst a more accurate meter may be expensive a lessexpensi
meter that has a lower accuracy may in the long term become a more expensive option.

For example retrofitting or replacing a meter into existing pipework can be expensive espeaally if
process or systershutdownneeds to take placto install the meter.

Once a suitable meter has been selected it will need to be calibrated to reduce the measurement
uncertainty and it will also need to be installed correctly to achieve its potential design accuracy.

If a typical orifice plate islesigned and manufactured according to a recognised standard, it is
reasonable to expect that the flowrate uncertainty will be approximately 1% (or less) when the
system is flowing at the maximum flowrate under ideal conditions. However, the flow measoreme
uncertainty could increase by as much as 4% due to installation effects such as inadequate upstream
and downstream straight pipe lengths.

Asoperationaltime elapseggradual changes may occur which eventually cause significant errors to
be introduced utess remedial measures are taken. The sharp edge of an orifice plate may be eroded
away causing the discharge coefficient to rise. Orifice plates should ideally be checked regularly.

Film growth may occur on the throat of a nozzle resulting in a lowerhdige coefficient.
Unfortunately, no general rules for the rate of deterioration are available; each installation must be
assessed according to its own set of circumstances, and renewals or recalibrations made as
appropriate.

The diameter ratio or beta (snetimes referred to as the beta ratio) is the ratio between the
diameter of the orifice or throat of device to that of the pipEhe effect of using larger values of
betainclude:-

1 Anincreae in the discharge coefficienincertainty;

1 Alower differential pressurebeingmeasuredacrossthe orifice plate. This canbe difficult to
monitor;

9 Longerlengthsof upstreamstraight pipe are necessaryo ensurethe velocity profile of the
flow throughthe orifice plate is stable and symmetrical;

1 Theflow profile throughthe orifice beingaffectedby the roughnessf the pipe walls

There are a number of sizing packages for orifice plates available, which will calculate the
dimensions of the plate required. The software uses empirical formulae based on actua testi
result Most of the results are available for beta values of 0.3 to 0.7.
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If the flow conditions change then theyay be outside the specified operating envelope in which
the meter is designed to work and to provide accurate measureméitie flowrate changes the
differential pressurd@ransducer can become saturated or not fgficientlysensitive to measure the
differential pressure

It is possible for differential pressure transducerstop waking or become saturated resulting &n
static measurement which can take some time toifentified. It is importanttherefore that the
meter is inspected at regular intervals. The meteaty require routine maintenance or recalibration
to ensure accurate and/or consistent flow measurement.

In some applications the accuracy of the meter may not be important but the repeatadiilitye
meter could be vital todetect and monitor changes in the flowrate, for example, to ensure
consistency in products.

There have been instances where orifice plaheteis have been foundot to be functioning
correctly because the orifice late had not beenimstalled Thiscould have been due to corrosion,
erosion, or possibly even failure to reinstallafter maintenance.Orifice plates havealso been
known to be installed the wrong way roundlt is recommended tocheck with the meter
manufacturer to obtain the correct installation requirements for the meter dtgl operating
instructions.

Advantages
1 Low cost
I Ease of installatign
1 Availability of comprehensivatandard (ISO 5162);
1

Can be installed uncalibratedvailability of different designs, e.g. for viscous fluids, bi
directional flows, suspended solids

9 Orifice Plate inexpensive;

1 No moving parts;
Disadvantages:

1 Low turndown (typically <4:1);

91 Highpressure loss (3 to almost 100% of measuredifferential pressure dependingn
betavalue);

9 Errors due to erosion/damage to upstream edges
1 Errors due to high sensitivity to upstream installation

1 As with any meter care should be given to the installaamd maintenance of the meteot
ensure accurate measurements;

9 Fiscal uncertainty;
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Recommendations

Orifice plates should be inspected regularly to ensure that the edge is sharp and that no
contamination is deposited on the front of the plate as a roundesdr contamination will affect the
flow measurement.

Care should be taken in the installation of orifice plates particularly to ensure the orifice plate is

installed the correct way round. This can cause significant measurement errors and has led to
expersive recalculations of the actual flowrate. The face with the sharp edge must face the

upstream flow as the sharp edge is needed to force the flow to detach from the plate and allow the

flow to contract downstream of the plate and form the vena contracta.

Orifice plates are very sensitite the velocity profile of the flow If the velocity profile is
asymmetrical or skewed this affects the flow measurement. There peeifsed requirements for
orifice plates which are detailed in the standard (ISO 52§@r use in dry gas and liquids.

2.9.1.1.5 Turbine Meters

Turbine meters are inductive meters widely used by GGTC. The operation of a turbine meter is based
on the measurement of the velocity of gas. The dynamic forces of the flowing gas cause the rotor to
rotate. The turbine wheel is mounted on the main dhawith highprecision, lowfriction ball
bearings. The turbine wheel has helical blades that have a known angle relative to the gas flow. The
gas flow driveshe turbine wheel at an angular velocity, which, i tinear range of a wetlesigned

meter, is proportional with the gas velocity. Using a gearing mechanism, the rotating turbine wheel
drives the mechanical counter. In addition, the rotating blade can also be used to generate pulses via
a proximity sensorEach pulse detected is equivalent to a discrete volume of gas at actual conditions
(i.e., the total number of pulses collected in any period of time represents the gross observed
volume during that period). For each meter, a calibration characteristfadtr) is required. This

factor is expressed in pulses per volume and is given by the manufacturer. The K factor is
determined by means of a flow calibration. This flow calibration should be carried out over the
entire operating range of the meter because K factor may vary with flow. This variation with flow

Ad (GKS GdzNDAYS YSGSNDa ftAySINARGE@d hyOS GKS Y Tl
be calculated because the two quantities are proportional.

Accuracy

Turbine flow meters have the ability to measure wide range of flows. Turndown ratio for turbine
flow meters (i.e. the ratio maximum flow / minimum flow that can be measured) can neglales up

to 30:1 or even largemwith good accuracy. Typical error lévean be as low as 8.5% of measured
flow rate. Accuracy flow measurement is maximized when operating under a turbulent flow profile
(high Reynolds numbetypically largeithan 10,000). One of the limitations tfrbine flow meters is

that they have tobe used only with clean, lowiscosity, norcorrosive fluids. Generally, it is
common practice to install a strainer upstream to a turbine flow meter for protection against
particulates.

Allowable measurement errors for turbine meters are:

1 For Qmin < Q< 0.2Qmax, 2%
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1 For 0.20max < Q <rmfax, 1%

Many internal factors influence the accuracy of a turbine meter. A turbine meter is a piece of
precision instrumentation. A welbuilt, wellcalibrated, and well maintained turbine meter is

capable of measuring®lg @2t dzYS A G K f SAcéomnioK field preblem idngrtr S NNE NJ
damagedbearings. The bearings in a turbine meter must be oiled regularly accotdiribe

YIydzFl Ol dz2NBNRE NBO2YYSYyRIGA2yd 9EOS&a&aABSanYSOKI y )
cause a turbine meter to slow down substantially, and eventually burn out the bearings.

Turbine flowmeters are less accurate at low flow rates due to rotor/bearing drag that slows the

rotor. Howmetersmust be operatedabove 5 percent of minimunflow. Turbine flowmeters should

not be gerated at high velocity gsremature bearing wear and/or damage can oc@ypplication in

dirty gasshould generally be avoided so as to reduce the possibility of flowmeter wear and bearing
damage. In summary, tuibe flowmeters have moving parts that are subject to degradation with

time and use.

The spin test is a very effective way of determining the health status of a turbine meter module.
Most well designed turbine meters have a consistent spin time that isatpée within a few

seconds out of several hundreds. Comparing field spire tivith factory dataprovides agood

indication ofthe condition of a meter. A shorter than expected spin time for a turbine meter module

is typically a warning sign for potentiaearing problems and would cause the meter to run with
reduced rangeability. Failed spin time tests may also indicate a mechanical problem within the drive

train mechanism of the top plate. In most cases, a change in spin time is aignatuse for
indicatingaerroh y (KS YSGSNRa OFrfAONIGA2Yyd | ALIAY GAYS
in situ. The detailed procedure for performing a spin test can be found in most turbine meter
YIydzZFF OGdzNBENEQ YIFAY(dSylyOS Yl ydz fao

Since nearly all gas flow msurements are not made under standard conditions, secondary
parameters must be used toonvert the subject flow to standard volume flow. The accuracy of
temperature and pressure measurements has direct influence onthe accuracy of flow
measurement calculations. The measurement of temperature and pressure at a turbine meter run
must be taken with due care.

Functionality

Turbine meters are velocity measuring devices. They rely on subjecting their rotors to a properly
defined flow profilein order to make accurate flow measurements. For this reason, careful
consideration must be given to the design of the piping immediately upstream and downstream of
the meters. It is important to eliminate situations that may causedodi®n to a well brmed flow
profile. The AGA Report No.provides guidance for the design of metering stations for various types
of turbine meters under different field conditions. Following these guidelines greatly reduces the risk
of flow measuremenerrors caused by flow profileelated problems.

The most common types of flow profile distortion are swirling and jetting brought on by placing a
meter in close proximity to control valves or reducer fittings, and/or improper placement distance of
elbows &ong a meter runGivena sufficient pipe length upstream and downstream of a turbine
meter, these type®f disturbance will stabilisand the flow will return to its normal well developed
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profile in due course. Unfortunately, most metering statialts not have sufficientspace and long
meter runs. Many metering stations were designed only to meet the minimum pipe length
requirements. It is therefore ssential to incorporate auxiliary equipmetd mitigate flow profile
distortion problems. Tube bundles ae#fective at removing swirl conditions, however they have the
tendency to freeze the velocity prddilof a flow. Alternatively dlow conditioning platecan be
installed. ©nditioning plates are very effective in eliminating swirling and jetting. Howetesy,
have the unfortunateside effect of introdeing more pressure loss thambe bundles.

While swirl and jetting problems are typically created in the vicinity of a turbine meter,
measurement errors causday pulsating flow may originate some distancenfi a meter. Pulding

flow are longitudinal waves caused hynsteady flow conditions. he presence of reciprocating
compressors, or unstable pressure regulators upstream or downstream along the pigefireause
distortion.

Well-designed turbine gamieters use high integritypearings to minimize mechanical friction. They
also need a rugged rotor body to withstand the stress exerted by the force of the moving gas.
Unfortunately, the same physical attributes that make a good turbine meter also causdisipiay

an asymmetrical transient response characteristic to a flow. A turbine meter can respond quickly and
track an accelerating flow very well. However, the same meter typically will not be able to slow
down as fast when the flow is quickly reducedrigeirupted.

Advantages
1 Simple, durable structure
Easy to install and maintgin
Turbine meters are able to operate under a wide range of temperatures and pressures
Low pressure drop across the flow meter
Most effective in applications with steady, higheed flows
Wide flow rangeability including low flow rates
Turndown ratio is up to 35;1
Good level of accuracy at an economic price

Flexible connection to flow instruments for flow control

=A =4 -4 4 -4 -4 -4 -4 -

Wide variety of process connectigns
1 Provides a conveniesignal output
Disadvantages
1 Require constant backpressure in order to avoid cavitation

1 Sensitive to changes in gas viscosiay not function properly with high viscosity fluids
where the flow profile is laminar
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1 A straight run of pipe upstream and dostneam the turbine meter needs to be installed to
allow homogenisation of the flow pattern

1 Bearing wear Some manufacturers have developed a "bearil®gs design"n order to
resolve this problem;

9 Turbine meters can be used with clean gases only fmeay to install a strainer upstream to
prevent damage from particulates)

1 Requires a turbulent flow profile (consistent fluid velocity across the pipe diameter) for
accuracy

9 Turbine meters operate most effectively in applications with steady,-bjgged fows.
Recommendatios

The bearings in a turbine meter must be oiled regularly (We observed mostly all turbine meters in
GGTC system are not oiled).

Bearing replacement is requirdd all turbine metersdspeciallynon-lubricated).

Pressure and temperaturgansmitter should be recalibrated (every 3 months) using special devices
(HART Communicator) for increased precision in readings and transmission.

2.9.1.1.6 Rotary meters

Rotary displacement meters consist of two rotating impellers that move opposite to one anothe
The impellers are placed inside a housing. The cross section of the impellers, vertically positioned to
the rotating axis, is formed in such a way, that the gap between the impellers and the housing is very
avyrFffx NBIFNRfSaa 2F (KS AYLIStE{SNAQ LRarAlGAZ2Yy ®
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volume can be measured directly since the volumeafremeasurement chamber kmown. Rotary
displacement meters can also achieve highgeabilitieslike Qmax/Q min = 250. fie small gaps

lead to high sensitivity to dustapticles. In order to avoid damage the impellers, since they are
manufactured from light metals, special care must be given to prop&aliation and precautions

taken, such aslfers placed upstream of the meters.

The error curve of a rotary displacement meter is determined by the losses between the impellers as
well as between the impellers and the housing.

During the measurement of the gas volume, the gas runs through the npstenanently. This
results in pulsation, which through inappropriate pipeline arrangement, can lead to peaks and cause
significant measurementreors. Sencers are often used as well as appropriate piping upstream of
the meter.

Accuracy

Rotary meters arenachined devices and their chamber and rotor dimensions are fixed. There are no
mechanical adjustments to enhance the accuracy and rangeability of the instrumeotgitrsome

meters haveOK | y3S 3ASINA 6KAOK |ff26a (GKS evifsebdna 208
lowered in small increments. However, meters having npdint calibration curves which plot
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accuracy as a function of flow rate, pressure and temperature can apply appropriate meter factors
which mathematically adjusts, or flattens, the metperformance curve for known errors at
identified flows. This ia spreadsheet function and depends on accurate and reliable proving tests.

Therangd 6 Af AG& O6Gd2NYyR26y 0 2F | YSGSNI Aa y2NNItfe !
flowrate divided byits minimum flowrate in an accuracy band of ¥4 d value. With moderrbody
designs and modern machining practices, rotary meters can have-aitigiesof well over 200:1.

Functionality

If installed and operated in accordangeA G K Y I y dzF I uCtidrdziodari Inéters Acghabé NJ
expected to operate over a long period of time. The proper lubrication of the meter and the
cleanliness of the gas will have the greatest impact on how long the meter willlfagally, the oil

level and meter installatioshould be checked monthly until an appropriate interval is determined.
The frequency of inspections will depend on the cleanlinesthefgas, and the rat¢he meter is
operating.

The oil level should be checked when the meter impellers are notingtatWhen rotating, the oil is
being circulated to the bearing and the site glass will not provide an accurate indication of the
amount of oil actually in the meter reservoir. When the oil level is below the centre hole in the site
glass, oil should bedaled. The oil change frequency will also depend upon the cleanliness of the gas.
The darker the oil colour the more dirt that it has accumulated.

Advantages:

T [FNBS&adG aSNARSa 2F Iff O2YLISGAG2NRA dzLJ G2 D nny
Extended measuring range up to 1:160
Guaranteed measuring resistance within the calibration validity

Reduced assembly dimensions (3 x DN possible)

= =4 =4 =4

Pressure and temperature connections are avddab the housing on both sides;
1 Flexible customeorientated sdutions through adiitionakquipment;
Disadvantages
1 Are not designed for dirty, dusty or contaminated gases
9 Itis advisable to fit gas filter befothe meter;
1 Sensitive tastrong pressure pulsation (> 350 mbar / s);
1 sStO]l SR Y S (N2 aff thil Bas iy
Recommendatn
Listen for abnormal sounds in the meter such as squeaks or grinding.

Check all pertinent oil level sight plugs for correct volume and black or gray oil discoloration.
Examine and clean all upstream strainers and filters.

Check the rotary meter driveutput for binds, i.e., ratcheting movement, no registration.
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Check the instrument drive for binds.

Check the temperature compensator for accuracy, digital display.
The bearings in a rotary meter must be oiled regularly.

Bearing replacement may need te performed.

2.9.1.2 Review of applicablé&european standardfor metering

This section provides a resume of the applicable European standards
EN 12261:2003/A1:2006. Gas metefBurbine gas meters.

This Standard specifies the range of application, the requirememtd tests for the design,
performance and safety of turbine gas meters having in line pipe connections for gas flow
measurement. This standard applies to turbine gas meters used to measure the volume of fuel gases
of the 1st and 2nd gas families rmtaxinum at25 000 m3/h over a temperature range of at least

c/ G2 bop c/ @

EN 12480:2015 Gas meterRotary displacement gas meters.

This European Standard specifies ranges, construction, performances, output characteristics and
testing of rotary displacement gas meters (hereinafter referred to as RD meters or simply meters)
for gas volume measurement.

This European Standard appliesrttary displacement gas meters used to measure the volume of

fuel gases of at least the 1st, 2nd and 3rd gas families, the composition of which is specified in EN
437:2003+A1:2009, at a maximum working pressure up to and including 20 bar over an amdient a

31&a GSYLISNY GdzNB NIXy3aS 2F 4 tSrad bmn ¢/ G2 bnn
This European Standard applies to meters that are installed in locations with vibration arkd sffo

low significance. Relevant information is as follows:

9 QJosed locations (indoor or outdoor with gtection as specified by the manufacturer) with
condensing or with notondensing humidity or, ifeecified by the manufacturer:

1 Open locations (outdoor without any covering) with condensing humidity or with-non
condensing humidity, Unless otherwispeciied in this standard;

91 All pressures used are gauge:

1 Al influence quantities, except the one under test, are kept relatively constant at their
reference véue:

9 This European Standard also applies to meters with a maximum allowable pressure PS and
the vdume V of less than 6 000 bkires or with a product of PS and DN of less than 3 000
bar. These limits are the same as in EU directive 97/23/EC.

1 This European Standard can be used for both pattern approval and individual meter testing.
Crossreference ables are given in:

0 Annex A for the tests that need to lmdertaken for pattern approval;
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0 Annex B for individual meter testing.
1 Some parts of this standard cover reez witha mechanical index only;

1 The risk philosophy adopted in this standard is lobse the aalysis of hazards associated
with pressure. The standard applies principles to eliminate or reduce hazards. Where these
hazards cannot be eliminated appropriate protection measures are specified.

EN ISO 5162:2003. Measurement of fluid flow byneans of pressure differential devices inserted
in circular crosssection conduits running full Part 2: Orifice plates (ISO 51672003).

ISO 516%2:2003 specifies the geometry and method of use (installation and operating conditions) of
orifice plates wnen they are insrted in a conduito determine the flowrate of the fluid flowing in

the conduit. It also provides background information for calculating the-fime and is applicable in
conjunction with the requirements given in 1ISO 54167

ISO 516+2:2003 is applicable to primary dee& having an orifice platwith flange pressuréapings
or with corner pressuréapings or with D and D/2 pressuttapings Other pressurdéapingssuch as
venacontractand pipetapingshave been used with orifice plkeg but are not covered by ISO 5167
2:2003.

ISO 51672:2003 is applicable only to a flow which remains subsonic throughout the measuring

section and where the fluid can be considered as single phase. It is not applicable to the
measurement of pulsating fle. It does not cover the use of orifice plates in pipe sizes less than 50

mm or more than 1 000 mm, or for pipe Reynolds nunsiezlow 5000.

EN 1240581:2005+A2:2011 Gas meterS€onversion devicesPart 1: Volume conversion

This European Standard spéxsf the requirements and tests for the construction, performance,
safety and conformity of gas volume electronic conversion devices associated to gas meters, used to
measure volumes of fuel gases of the 1st and 2nd families according to EN 437.

This Europan Standard is intended for type testing, the detailed relevant provisions of which are
given in Annex A.

Only three kinds of conversion are treated in this European Standard:
1 Gonversion as a function of temperate only (called T conversion);

1 Converson as a function of the pressure and of the temperature with constant compnessio
factor (called PT conversion);

1 Gonversion as a function of the pressure, the temperature and taking into account the
compressiondctor (called PTZ conversion).

This documat is not relevant to temperature conversion integrated into gas meters which only
indicate the converted volume.

EN 12408 for energy conversion is in preparation.

Gasvolume conversion devices consist of a calculator and a temperature transducer or a
calculator, a temperature transducer and a pressure transducer locally installed. For application

Page38of 86



PROGRAMME
FUNDED BY THE EU

EMERGY COOPERATION BETWEEN THE EU, THE LITTORAL STATES OF THE BLACK & CASFIAN SEAS AND THEIR MEIGHBOURIMNG COUNTRIES

of this European Standard, a conversion device may be, as a choibte ohanufacturer,
considered as a complete instrument (Type 1) or made of separate elements (Type 2), according
to the definitions given in 3.1.18.1 and 3.1.18.2.

In this last case, the provisions concerning pressure transducers, temperature sensors and
temperature transducers are given in Annexes B, C and D respectively. Any conversion device
can provide an error curveoorection for a gas meter.

When rendering an account to an end user the readings from the conversion device can be used
in conjunction wih the readings from a gas meter conforming to EN 1359, EN 12480, or EN
12261, as appropriate, or to any other appropriate and relevant international or national
standard for gas meters, without prejudice of national regulations.

EN 124082:2012. Gas metersConversion devicesPart 2: Energy conversion.

This European Standard specifies the requirements and tests for the construction, performance,
safety and conformity of conversion devices used to determine the energy ofdsekglescribed in
the Table 1, including those of the 1st and 2nd families according to EN 437.

The energy conversion device (ECD) considered in this standard consists of an energy calculator (EC)
and is associated with the following devices and/or fumnsi-

1 Avolume conversion device (VCD) or a flow computer used as gas meter conversion, either
conforming to EN 12405, or to prEN 12408, for high accuracy measurements;

1 Acalorific value determination device (CVDD). Requirements for type approvaldette
devices, not included in the aboweentioned standards are described in appropriate
annexes specified in Table 6.

1 For the purpose of this European Standard, the term "volume conversion devices" (VCDSs)
includes flow computers (FCs). A single daton may undertake the volume conversion
functions for different metering lines.

I'b Mo p dYH N GasknetersDiaphragm gas meters.

This European Standard specifies the requirements and tests for the construction, performance and

safety of diaphragngas meters (hereinafter referred to as meters) havingagial single pipe, or

two pipe connections, used to measure volumes of fuel gases of the 1st, 2nd and 3rd families
according to EN 437:1993, at maximum working pressures of up to 1 bar and maxituahflaw

rates of up to 160 m3/h over a minimum ambient and gas temperature rangeof/ (2 b op c/ d

EN ISO 6976:2005. Natural gaSalculation of calorific values, density, relative density and Wobbe
index from composition (ISO 6976:1995 including @pendum 1:1997, Corrigendum 2:1997 and
Corrigendum 3:1999).

Specifies methods for the calculation of the superior calorific value and the inferior calorific value,
density, relative density and Wobbe index of dry natural gas and other combustible gdsets)s
when the composition of the gas by mole fraction is knoWmeplaces the first edition, whichas

been technically revised.
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EN 14236:2007. Ultrasonic domestic gas meters.

This European Standard specifies requirements and tests for the construgerformance and
safety of class 1,0 and class 1,5 battery powered ultrasonic gas meters (hereinafter referred to as
meters), having c@xial single pipe, or two pipe connections, used to measure volumes of
distributed fuel gases of the second and/dnird family, as given in EN 437, at maximum working
pressures not exceeding 0,5 bar ) and maximum actual flow rates of up to 10 m3/h over a minimum
ambient temperature range o ¢/ G2 bnn ¢/ X YR YAYAYdzy 3l a
domestic appliations.

This European Standard applies to meters where the measuring element and the register(s) are
enclosed in the same case.

This European Standard applies to meters with and without fouitemperature conversion, that

are installed in locations wit vibration and shocks of low significance and in closed locations
(indoor or outdoor with protection as specified by the manufacturer) with condensing or with non
condensing humidity or, if specified by the manufacturer, open locations (outdoor withaoy
covering) with condensing humidity or with naondensing humidity and in locations with
electromagnetic disturbances. Unless otherwise stated, all pressures given in this European Standard
are gauge pressures. When more than one meter type is subdnitir testing, then each meter type

is required to be tested against this European Standard. Clauses 1 to 15 and Annex C aigifior de
and type testing onlySee Annex for production requirements.

ISO 5168:2007 Measurement of fluid floey Procedures fo the evaluation of uncertainties (ISO
5168:2005, identical)

This International Standard establishes general principles and describes procedures for evaluating
the uncertainty of a fluid flowate or quantity. A stejby-step procedure for calculating unteainty
is given in Annex A.

EN ISO 12213:2010Q Natural gas- Calculation of compression factor Part 3: Calculation using
physical properties (ISO 122132006)

ISO 12213 specifies methods for the calculation of compression factors of natural gatsea)

gases containing a synthetic admixture and similar mixtures at conditions under which the mixture
can exist only as a gas. It is divided into three parts: this part, ISO-B22136, specifies a method

for the calculation of compression factors @ the superior calorific value, relative density and
carbon dioxide content are known, together with the relevant pressures and temperatures. If
hydrogen is present, as is often the case for gases with a synthetic admixture, the hydrogen content
also need to be known. The method is primarily applicable to pipeline quality gagtbin the
ranges of pressure &8nd temperature T at which transmission and distribution operations normally
take place, with an uncertainty of about-®/1 %. For wideranging aplications the uncertainty of

the results increases.

Page40of 86



INOGATE

PROGRAMME
FUNDED BY THE EU

ENERGY COOPERATION BETWEEN THE EU, THE LITTORAL STATES OF THE BLACK & CASPIAN SEAS AND THEIR NEIGHBOURING COUNTRIES
2.9.2 PressureRegulators

2.9.2.1 Applicable standards

The following standards specify the functional requisstts of pressure regulators iBurope,UK
and the US

Pressure regulators

9b MHMY C YHAN N Bystéhdd @Gas Prezbuitelf Régulating Stations for Transmission and
DistributioncCdzy O A2y f wSIljdzZANBYSyiaQ

9b MHHTOYHANN WDd Ges Rrasdufie)Régulafing anst&lafidns on Service kines
Cdzy OlGA2ylf wSldANBYSYydaQ

IGE/TD/13; Pressure Regulatingdtallations for Transmission and Distribution Systébhs)

ASME 31.8 Gas Transmission and Distribution Piping Sys{&ifsy

Hazardous zones

LDOKk{WKHPY 9RAGAZY H H wiNBturtl Gasinstald@® ! NS/
BS EN 600790-1:2009 Eplosiveatmospheres Classification of areasExplosive gas atmospheres
(Europe)

2.9.2.2  Functional requirements

European standardfor pressure regulators

The European standaf@S EN 12186 (Pressure regulating statiansnsmission and distributiom
Functianal requirement$¥shall be applied as follows:

9 The upper pressure limit for application of the standard is 100Q Bar

91 If the inlet pipework of the station is for service line and the maximum upstream operating
pressure does not exceed 16 bar and the dedigwrate is equal to or less than 200 m3/h
under normal conditions, EN 12279 applies.

The European standard BS EN 12186 sets out the following minimum safety requirements:
1 A pressure safety system is not needed if MOP is < 100;mbar
1 A single pressursafety system shall be installed if MOP is >100 mbar and < 16 Bar
1 A single pressure safety system plus a second device shinfithtted if MOP is > 16 Bar.
UK Standards for pressure regulators

The UK Institution of Gas Engineers and Managers stand&@d DG13 recommends the following
safety devices for riskitigation: -

9 For upstream pressures less than 100 mbar no protection device is necessary.
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9 For upstream pressures greater than 100 mbar but less than 2 Bar then one safety device is
recommended

9 Forupstream pressures greater than 2 Bar then 2 safety devices are recommended unless a
risk assessment determines that one device is acceptable

This generally reflects the advice given in tlypigalent Europearstandards however the pressure
cut for determiing two safety devices is more onerous with a 2 Bar pressure limit for 1 safety device
compared with 16 Bar required by the European standard.

Where one level of safety is incorporated pressure is controlled by a pressure control valve (active)
and the adiition of one safety device which can be either an additional regulator in series (monitor)
or a slam shut valvé\ slam shut valve is normally used as the second safety device.

For two levels of safety the installation will incorporate a monitor regulatot a slam shut valve in
addition to the active pressure control valve.

It is advised that the slam shut valve should incorporate a facility for activation on both high
downstream pressure and low upstream pressure. This is so that if the upstream eregsug to

fall below a safe minimum the slam shut would activate requiring a manual reset following turning
off of customer supplies.

2.9.3 Regulator module configurations

The recommended configurations for modular pressure control installations specified as
follows:*-

2.9.3.1  Single occupancy residential and small commerdiaildings

For single occupancy residential and small commercial propddiegpstream operating pressures
between 100 mbar and 16 Bar (2 Bar in the BlIK)odule incorporating an active regutatandslam
shut is recommended.

@ Qustomer meter

Z Riter

i Sam shut device

@ Pressure regulator

Zﬁ%@@»

Figure4: Residential and small commercial pressure control and metering arrangement
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The control arrangements for single occupancy residential and small commercial customers will
incorporate the following:

1 A single pressure regulator
1 Single stream configuration
1 Upstream filtering to protect the control devices
1 A pressure sensing slam shut a@which will interrupt the gas steam should:
o0 Over pressure be sensed downstream of the pressure control regulator

0 There is an interruption in gas supply upstream of the regulator on the gas
distribution network

9 The slam shut devicehould incorporatea manual reset

1 The downstream pipework should also incorporated a creep relief valve to discharge very
small quantities of gas that may pass through the regulator when it is fully closed

2.9.3.2  Multi occupancy residential, commercial and industrial

For multioccupancy residential, large commercial and industrial propefbesipstream operating
pressures between 100 mbar and 16 Bar (2 Bar in the WKgre it is important to maintain
continuity of supply a module incorporating twin stream functionality ioremended

@ Customer meter

Z Filter

i] Slam shut device

@ Pressure regulator

Zi@@»

FAE

Figure5: Multi occupancyand industrial pressure control and metering arrangement

For residential installations where metering is provided within a building, possibly multi occupancy
buildings, the meter shown in ith example could be dispensed with.
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Systems with upstream pressures greater than 16 Bar (2 Bar in the UK)

metering configuration supplies gas into a downstream netnarindustrial consumethe following
regulator and meter configuration is recommended.

{M Wafer check non- return valve

@ Qustomer meter

Z Hlter

i Yam shut device

@ Pressure/temperature correction
Pressure regulator and remote monitoring

I

A T L 1 = >

A E kL e
- Locked valve or
duplicate meter

=

Figure6: Systems with upstream pressure greater than 16 Bar (2 bar in the UK)

Thecontrol arrangementswill incorporate the following:

1
1

Duplicate streams to provide more secure supptgase of failure of one stream

Wafer check non return valve in each streémprevent a downstream pressure excursion
causing both regulator streams to slam off

Additional presste control regulator in each stream to provide additional redundancy in
case one pressure regulator fails

Pressure regulators will be fail open devices and will act in active monitor configuration

A locked meter bypass can be provided or a duplicate metparallel
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9 The slam shut device should incorporate a manual reset
1 The downstream pipework should also incorporated a creep relief valve to discharge very
small quantities of gas that may pass through the regulator when it is fully closed

2.9.3.4  Applying the Ewopean standards to GGTC

The installed pressure control equipmeattthe GGTC sites visiteghs found not to incorporate the
required safety features to comply with the current European standard for pressure control EN
12186.

In most cases pressure contrnwas @&hieved with a single device which did not incorporasdety
features such as slam shut devices. The pressure regulars were found to be old and of obsolete
design.

The replacement of this equipment will be very expensivewever a payback would kpossible if
pressure profiling is incorporated into the new regulator configurations which would adjust the
downstream network pressure to the minimum required to achieve a safe minimum pressure at the
extremity of the system. This is a useful arrangetmehere there are large system leakages. The
volume of leakage being influenced by the network pressure. This concept is discussed in more
detail in the cost benefit analysis section of the technical report.

2.10 Optimum maintenance and risk management strategi

The mitigation strategies for addressing the risks associated with pressure regulating and metering
equipment are discussed in this section of the report.

The key risks are summarised as follows:

1. Commercial risk associated with energy measurenistcuracies

2. Safety risks associated with over pressure and interruption in gas supply
2.10.1 Metersand associated equipment

In order to mitigate the commercial risks associated with inaccurate energy measurement the
following inspection regime is recommended.

2.10.1.1 Inspection frequency

For gas meters the following inspection regime is recommended
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No | Meter Checking frequency Procedures
type

Regular system oiling
Spin test

1 | Turbine 3 months or. when_cc_)nsidere Pressure antemperature transmitter

necessary following a periodic check| recalibration with HART communicator
Clean meter from dust and dirt
Flow calculations analysis
Check the sharpness of the orifice plg
. 2 months or when considere Clean any contammatpn

2 | Orifice necessary following periodic check Pres_sure_ and. temperature transr_mtte
recalibration with HART communicat
Flow calculation analysis

Table7: Meter on-site inspections

Checking frequency

Calibration certificate

2 years or when considered
necessary following a period
check

Certified laboratory or nationg
metrological institute Certificate

2 years or when considere
necessary following a period
check

Certified laboratory or nationg
metrological instituteCertificate

No | Meter type
1 | Turbine

2 | Orifice

3 | Rotary

4 years or when considerg
necessary following a period
check

Certified laboratory or nationg
metrological institute Certificate

4 | Flow computer

2 years or when considere
necessary following a period
check

Certified laboratoryor national
metrological institute Certificate

Pressurg
Pressurg

Temperature,
5 | Differential
Transmitters

2 years or when considere
necessary following a period
check

Certified laboratory or nationg
metrological institute Certificate

6 | Monometer / Thermometer

1 year or when considere
necessary following a period
check

Certified laboratory or nationa
metrological institute Certificate

Table8: Meter Laboratorycalibrations
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2.10.1.2 Optimumrecommendations for pilot are@n-site inspections

The following improvements can be implemented by a development of existing procedures and will
not require measurable financial investmerithese procedures can be applied to all installations
comprising similar equipment.

Orifice plate meters aEvrogaziGazinvestoyVakaand Saguramo

3.

10.
11.

Carry out pessure, differential pressure and temperature transmittalibration using the
devices (HART Communicator, calibratedaioratory or in factory) to achievincreased
precisionin readings ad transmission;

Checkthe programmed parameters, the correction coefficiemd volume flow calculation
for the flow calculator;

Check orifice plategegularly to ensure that theorifice edge is sharp and that no
contamination is depositedn the front of the plate or eoundthe edge;

Checkhe orifice pate internal diameter using aiecrometre(calibrated irthe laboratory);

Checkhe programmed calibration parameters (internal diameter) of the ceifineter at the
flow calculator

Check the orifice plate igstalled the correct way around in relation to the gas flow

Checkthat the velocity profilethrough the orificeis not asymmetrical oiskewed as per the
standard 1SO 516%;

Check for leakage with specialist soap solution

Checkmanometersreflect the actual differential pressure. Amysted manometers should
be replaced

Turbine metesat Gori Macharamageviand Vaka

1.

© N o g > W

Carry out pessure, differential pressure and temperature transmitt@libration using the
devices (HARTommunicator, calibrated ifaboratory or in factory) to achievincreased
precision in readingsral transmissioh

Checkthe programmed parameters, the correction coeffidiemd volume flow calculation
of the electronic volume corrector EK288lculator

Oil theturbine meterbearings regularty

Replace the turbine meter bearings as necessary

Clean dust and dirt from theneter depending on the gas composition and characteristics
Check for leakage with specialist soap solution

Check bolts for tightnessn all in turbine meter connections

Checkmanometersreflect the actual differential pressure. Amysted manometers should
be replaced
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2.10.1.3 Estimated inspection costs
Indicative costs associated with each inspectiequirementare as follows:

1. Turbine meterbearing- approximately 10 euros;

2. HART Communicateapproximately4000 euros

3. Manometer(calibrated in laboratoryj approximatelyl00 euros
4

DPI (GGT have ongcalibration- approximately300 euros.

2.10.1.4 Optimumrecommendations for ofiite laboratory inspections and certification
The followingnarrative provides context ancdecommendationgo be applied toturbine and rotary
meters -

1. All gas meters must be regularly calibrated, regardless of their type, size, construction or
age. Time haasignificant influence onth¥ S G SNDa LISNF2NX I yOSd | & GAY
tend to drift due to gradual and sometimes imperceptible environmental effects. Variations
may exist even if there is no obvious damage to rtheiernal parts. Regularatibration is
therefore required,;

2. Effective calibration is the key tensuringgood measurement accuracy fourbine and
rotary meters.During their life timegas meers must be in good operatingondition and
must have a valid calibration certificatéffectiveperformance depends onorrect use and
reguar YIF AYG Syl yOSed ¢KS 3l a YSiSbgits @driddAod NI (A 2y
operation;

3. Calibration is a process of comparing one measurement devitte amother of known
accuracy This process either validates provides correction for the device under test based
on the comparative result with the device of known correctness. The device of known
correctness is referred to as a calibration standard. The calibration conditions must be
SljdzA @I £ Sy (i lsdnstill&ién cahditions. Wit $ieBdiidended that the gas meters
aK2dzZ R 0S OFft A0ONIGSR dzyRSNJ O2yRAGAZ2ya | a Of 2
actual operation. Special attention must be given to the calibration medium (natural gas or
atmospheic air), the pressure, the temperature and thpstream and downstream piping;

4. Calibrationof turbine and rotary meters intended for natural gas applications are typically
carried out in natural gas test facilities. Natural gas based meter calibratidiiéaatapable
of operating over a wide pressure and temperature range expensive Calibrating natural
gas turbine and rotary meters witn alternativegasis an acceptable practice;

5. For examplethe calibration of turbine and rotaryneters usingatmaospheric pressure air is
recognised by manyegulatory aencies in the world as an acceptable practice (As in
Georgia);

6. Most turbine and rotary meter manufacturers provide an atmospheric air calibration
certificate when aneter is prchased. Anospheric aircalibration is simple and inexpensive
to provide howeverthe data is only applicable for a flow range with low Reynolds numbers.
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Very few turbine meters in the natural gas industry operate athsa low Reynolds number
ranges;

7. Many regulatory agencies dnprofessionalorganisations make recommendations for
effectivegas turbine meter calibration practices. It is recommended that turbine and rotary
meters should be calibrated at or closetheir operating conditions;

8. Turbine and rotary meters operatingt or below 60 psig (4 bar) cabe calibrated at
atmospheric pressure, while turbine and rotamyeters operating abové&0 psig must be
calibrated close to their field calitions;

9. Gas meters rguire periodic calibration ghiough some commerciditerature claims that
regular calibration is not required. Gas meters which are not calibrated will become
inaccurate;

10. Calibration must be carried olily accredited and traceable laboratori€g8GTC should have
a process in place to ensure their laboratories arealsé;

11. If the laboratory is accredited according to ISO/IEC 57205, the following conditionsire
guaranteed:

a. Reliability of the measurement resultsd the calibration certificates;

b. Appropriate environmental conditions and laboratory ifi#ties, durirg the
calibration;

c. Accuracy of the reference eqpment used for the calibration;

d. Validity of the calibration procedures and the measoment uncertainties
calculation;

e. MS | a dzNB Y &gbilitii tO natioNdl standards;
f. Laboratoryparticipation in Interlaboratory comparisons;

g. Best neasuement capabilitieswhich are the lowest measurement uncertainties
that the laboratory can achieve thin its scope of accreditation;

h. A process should be in pace for monitoring the laboratory testing including a
photographic reord and report carried out by GGTC.

Factors affecting the performance of a gas meter
The most commoifactors that affect the performance of a gas meter are:

1. Depositoninternalsurfaces, dyers of salt, minerals, oxidation etc. can have measurable
effects2y I 3l & Y Suic§ BuRriif tHe)fdidr ApN@drs to be operatearectly.
All types of gas meters can be affected, evars with no moving parts;

2. Chemicahttackespecidly meters withmoving parts. A change to the geometiya turbine
meter will affect its performance;

3. Abuse (shockover speeding etcPl y OF dzaS @FNAFGA2y 2F (GKS
characterisics;
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Electricakchanges usally occur as a result of auy;

The @ingof gas meters causes a drift in performance;

Mechanicachanges to meteperformance due to damaged (toiled) bearings;

Fluid property differences are a very important factor. fas meter has been calibrated on

one type of fluid and used for anothsignificantmeasurement differences may oar;

8. Incorrectinstallationis amajor factor resulting imifferences between the calibration results

and the actual operation of the gaseter;

9. Externalinfluencessuch as vibration, temperature amquessure.

10. In conclusiongas meters, depending on thdiype and their operation conditions, must be

regularly calibrated at guitable calibration laboratorin orderto ensure their accuracy for
fiscal purposes.

For the pilot area it is recommendethat these meters(24) must be calibrated at atmospheric

pressure in a Georgian accreditiadboratory: -

Type Object METER CORRECTO
Turbine meter I A T R I I ELSTER G-400 EK-220
Turbine meter R s .1 wMcac¢TmH|pn EK-230
Turbine meter 1., 07741 7 ELSTER G-100 EK-230
Turbine meter N T S B L CGT-02 G-650 EK-230
Turbine meter 1Tv v 17 CGT-02 G-100 EK-220
Rotary meter 1”1, 4,7 CGR-01 G-65 EK-220
Turbine meter 17 .47 . 1. DmHup EK-260
Turbine meter 117 1.7 CGT-02 G-160 EK-230
Turbine meter A T ELSTER G-65 EK-230
Turbine meter R R O CGT-02 G-400 EK-230
Turbine meter N ELSTER G-400 EK-220
Turbine meter L1 ] oA " 1 ELSTER G-250 EK-230
Turbine meter f e 017 ELSTER G-650 EK-230
Turbine meter 1(, ¢ 7" . & ) ELSTER G-100 EK-260
Turbine meter T CGT-02 G-100 EK-230
Turbine meter 111 4 ELSTER G-160 EK-230
Turbine meter R ELSTER G-400 EK-230
Rotary meter R s CGT-02 G-100 EK-230
Turbine meter R _ 1. Dmcp EK-230
Turbine meter LT e 1 s ELSTER G-100 EK-230
Rotary meter 1411 ELSTER G-250 EK-230
Rotary meter oL, _ 1. Dmcp EK-220
Turbine meter v 1,7 1. Dmcp EK-220
Turbine meter 1T ELSTER G-100 EK-220

Table9: Meters to be calibrated ira dedicated Georgian laboratory
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For the pibt area it is recommended thatthese meters must be calibratedose to their fiéd
conditions (4 meters) in aaccredited laboratoryocatedabroad (German, Netherland)

Type Object METER CORRECTOF
Turbine meter R ELSTER G-650 EK-220
Turbine meter R R (I .1 mMcac¢mhHp EK-230
Turbine meter i, -7 ELSTER G-650 EK-220
Turbine meter "1l dc .4 (et t1".)1 | 1 ELSTER G-400 EK-230

Tablel0: Meters to be calibrated in dedicated foreign laboratory

Pilot Data 09.02.2015

Flow Possible Flow
METER CORRECTOR (1000 m3) after,
(1000 m3 L
calibration

8. "~ -~ 1,7 ELSTER G-650 EK-220 67.29(Q 2.692
9, . .7 (M), ELSTER G-400 EK-220 6.307 0.252
0.1, v 13", "7 ) .1 Mcac¢TmH [EK-230 5.675 0.227
114~ v =" 41" ELSTER G-100 EK-230 1.401 0.056
12 0 k7 (AN CGT-02 G-65 EK-230 23.909 0.956
3, . .« #_ vd. ELSTER G-400 EK-230 4.323 0.173
i T CGT-02 G-10d EK-220 1.522 0.061
541 4, .7 CGR-01 G-65 EK-220 1.132 0.045
161 " . 1" _ 1. DmHp EK-260 0.535 0.021
7, 117 1. CGT-02 G-16( EK-230 7.688 0.308
E: N ELSTER G-65% EK-230 1.149 0.046
19, 171 140+ CGT-02 G-40( EK-230 17.424 0.697
204 , -~ " ELSTER G-650 EK-220 80.083 3.203
21 1.0 " ELSTER G-400 EK-220 10.294 0.412
22,1 " .. 17 71 <1 " {ELSTER G-250 EK-230 0.000 0.000
230 Lo~ k1 ELSTER G-650 EK-230 15.187 0.607
24 1 ¢ 8 ELSTER G-100  EK-260 0.000 0.000
257 1" 1. 41 . 4 (1" | ELSTER G-400 EK-230 0.00Q 0.000
L L CGT-02 G-10d EK-230 0.850 0.034
2741~ 1 1, ELSTER G-160 EK-230 1.734 0.069
28 "-v . - " A ELSTER G-400 EK-230 0.00Q 0.000
20 . r 1.1 CGT-02 G-104 EK-230 2.040 0.082
< S _1. Dmcp EK-230 0.186 0.007
32, L7 " k1L ELSTER G-100 EK-230 1.058 0.042
3311 41~ 1 ELSTER G-250 EK-230 5.13(Q 0.205
34/ . L _1. Dfcp EK-220 0.000 0.000
35 v 1 "7 . 1. Dmcp EK-220 0.071 0.003
39 1. ELSTER G-100 EK-220 0.245 0.010

Pageb1of 86



INOGATE

PROGRAMME

FUNDED BY THE EU

EMERGY COOPERATION BETWEEN THE EU, THE LITTORAL STATES OF THE BLACK & CASFIAN SEAS AND THEIR MEIGHBOURIMNG COUNTRIES

Tablell: Achievableaccuracy

Note: The accuracy data listed above is expressed as plus or minus values.

When correctly calibratedyba quality laboratory, turbine metersave a repeatability of +0.05%
and can achieve an overall accuracy aD:25% of reading over a widange of turndown.

The following tables mvides our estimate of the metering accuracy achievable for each site visited
in the pilot area after the introduction of an approved meter inspection and calibration padiicy
the meter consumption data betweehe dates 9 to the 13" of February 2015

Site 9th Feb 2015[ 10" Feb| 11" Feb| 12" Feb| 13" Feb
m3 2015 2015 2015 2015
m3 m3 m3 m3

Evrogazi +-0.142 +-0.148 +/-0.155 +-0.123 +-0.133
Gazinvestor +-0.189 +-0.183 +-0.171 +-0.215 +-0.204
Gori +-1.602 +-1.677 +-1.570 +-1.616 +-1.642
Gori Samkhedro Basa +-0.114 +-0.114 +-0.110 +-0.114 +-0.113
Macharamagevi +-0.348 +-0.369 +/-0.333 +/-0.349 +-0.358
Vaka (Western supply) +/-36.688 | +/-37.227 | +/-37.719 | +/-36.825 | +/-36.417
Vaka(Southern supply) +-2.476 +-2.229 +-2.020 +-1.912 +-1.977
Sugaramo +-53.985 +-54.716 +/-57.302 +/-56.333 +-57.118

Tablel2: Lostgas achievablger site

2.10.1.5 Offsite calibration costs

The estimated costs of offsitaspections for the pilot are tabulated as follows:

Meters calibratad in at atmosphericconditions in Georgia

Total cost approximately 6,500 Euro (24 meters)

Meter calibrated in accredited laboratory such as Germany or Netherlands

Total cost approximatel0,000 Euro (4 meters)

2.10.2 Regulators and associated equipment
In order to mitigate the safety risks associatedhweffective pressure managemette following

inspection regime isscommended.
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Maintenance and inspection tasks based on the UK standard IGE/TD/13 and UK network codes of
practice willincorporate:-

1. Routine inspections
2. Functional checks
3. Major overhauls

The inspections will incorporate the tasks detaileda®ws:

2.10.2.1 Routine inspectin
Routine inspection will typically comprise the followiagks:-

1 Check security of the site and note any abnormalities. Ensure that site labels, udexte
are correctly displayed

1 Note any defects in the structure of the housing andoreloon approprate document(s)

1 Check atmosphere around the installation for the presence of @jad report any leakage
found;

1 Check installation for water ingress and pipework/regulator for corrosion. Regioyt
significant deterioration

1 Check that the relief veniare correctly positioned and frfeom any visible obstructions

1 Connect a pressure gauge to the test nipple on the outlet of the regulator/meter and record
the outlet pressure. Report any deviation from set fipin

1 Report any nearby works or buildings exs@ns which may have a detrimental effect on the
operation of the installation, e.g. addbhal flues or electrical work;

9 Lubricate lock and hinges where appropriagte

1 Check if the fire valve cover/box is still acdelesand report as appropriate

2.10.2.2 Functonal check
A functional check will typically comprise the following tasks:

1 Allthose items for Routine Inspection

1 If a bypass facility exists, connect a correctly sized regulator timtana supply to the
consumers

1 If not, the supply to tle consumer mst be interrupted;

f 2KSNBE Al A& ySOSaal Njplies) the chngumsrNastalration siddiribe 2 Y S NA
tested before bringing back into servijce

1 Chek the lockup of the regulator

1 Isolate stream and check ftgakage through isolation valye

1 Onstandalone filter, check condition of elemeahd clean/change as necessary
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Check the set point of the relief valve by gradually applying a controlled pressure to the
outlet connection of the regulator. Notelf the slam shut trips before the relief val fts,
record the trip pressurg

Check the slarshut valve trip pressure (minimum of 3 trips) by applying a controlled
pressure to the impulse line or to the outlet connection of the regulator. Monitor the
downstream pipework for leby after the firsttrip. Care must be taken to ensure that the
applied pressure is not allowed to dissipate through the relief valve vent or spring adjuster
cap, giving rise to a false test pressure. Noteis possible that the trip pressure will rise
above the desired d&ng due to the effects of stiction. Such a rise in trip pressure is
permitted although the trip pressure mugot exceed the set point +30%;

If any faults are found durintgsting,they must be reported through Bault Data Collection

Sheme

1 Beforeleaving site cleck all connections for leakage;

1 Ensure that the sdt is tidy and secure on leaving site

2.10.2.3 Major overhaul

Refer to manufacturers recommendations.

2.10.2.4 Frequency of inspection

The frequencies of inspections are typically as specified in the folldalihe;-

residential installations supplyin
more than 10 premises

local risk assessment

every 12 months

PRMS Type Routine  inspection . Major overhau
Functional cheg
frequency frequency
frequency
Network, large commercial an aitr?l::‘r;lcnti?ers b
industrial installations ang As determined by No less frequent tha

recommendations b
no less frequent thg
every 6 years

Small commercial and residenti
installations supplying less than ]
premises

As determined by
local risk assessmer
but no lessfrequent
than every 5 years

For installations insiq
an enclosure no le
frequent than every 1
years and for all oth
installations no leg
frequent than every

years

Determined b
manufacturers
recommendations

SourcelGE/TD/13 and UK network cod#sractice

Tablel3: Inspection frequencies
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2.10.2.5 Regulator inspection costs

The inspection costs are based on a two person fully kitted vehicle using-iaolagive day rate
including travel of 1,500 euro per day.

Indicative time areasfollows:-
1. Routine inspections 4 hrs per site
2. Functional checks 8 hrs per site
3. Major overhaulg; 2 days per site

A table illustrating typicahispection costs is dsllows:-

No Inspection type Time allowed Indicative cost
Euro

1 Routine 4 hrs 750

2 Functional check 8 hrs 1500

3 Major overhaul 2 days 3000

Tablel4: Regulator inspection costs
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2.11 Review of EU and international experience
2.11.1 Market structure

There are many different models for a natural gas delivery end to end process. The components of
the process generally fall into the followicgtegories:

1 Gas productiorg Associated or noassociated gas produced from oil/gas field or alternative
sources such as Biomethane, coal bed methane etc.;

I Gas transmissioq The pipeline and associated equipment including pressure control and
metering required for the conveyance of gas from the production field to the end user
(power generator, desalinatioplant, industrial or residential consumers);

1 Gas distribution Gas mains conveying gas from city gate offtakes connected to the gas
transmission system to small industrial, commercial and residential consumers;

1 Gas supply, The transaction by which the canodity (natural gas is) is delivered from the
gas producer to the gas consumer. To allow this transaction to take place the gas supplier
needs to know the energy value of the gas purchased from the gas producer and the energy
value of the gas supplied tastomers. Whist energy metering is the key component of this
process the gas supplier may not own the metering equipment which can be owned
upstream by the gas producer or transmission operator or downstream by the transmission
operator or gas consumer.

In mature gas markets the roles associated with gas supply are vested in separate and independent
companies operating within a liberalised market. However gas transmission and gas distribution is
conductedmainlyon the basis of a regulated monopoly.

Historically, gas purchases and sales in many ammtvere made by an integratethtional state
gas company responsible for gas ghaising, gas transportation ardistribution and gas retailing.
The model hasesved the industry well and hdsasically allowedongterm contracts to be made,
guaanteeing the capital intensivand longlived investments.

In the past two decades there has been a gradual move towaratgreompetitionin mature gas
markets beginning with th&JK. Previously, British Gas wasponsble for all activities from the
wellhead to thecustomer. British Gas was thénoken up into three separate companies:

1 Exploration and production;
1 Gas supply (buying andlkeg);
1 Transportation (transporting on belaf the supply company or the produch company)

Competition in wholesale and retail was umg@nned by the large number gdurchase contracts
from the offshore fields. A regulatorag also introducednitially specialising in gas regulation but,
recognsing the interdependence of thivo, subsequently the gas regulator was mergethwhe
electricity regulator tdorm a single multsector regulator.
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The European Union (EU) legislation in the 8680s had a major impact on tldevelopment of the
European gas market. Theglslation tas been strengtheneaver time and in its current form
requires the sparation of transportation fromsupply and the creation of independent regulators.
Full retail competition is nownandatory in the EU (with some specific exceptjors that any
consumer even asmall as a household, is free to choose its suppligras and the only parts of the
market whose prices are regulated are the transmissaoid distribution connectiorand useof-
system tariffs.

In the UK, the transportation and distributioretwork had been fully developeaind the sector was
mature long before compéion was introduced. Arguablyyithout the existence of British Gas as
the monopoly gas buyer, the offshoiedustry might not have been developed.

EU law recognises that a compaté market makes it very difficult to develop gasrkets and the
legislation permits, for a period of not more than 10 yearspantry not to apply the requirements
of the Diretive for a new gas system. Thisrogation wa applied for example in Northedreland
(Part of UKyvhere customer incentives were necessary to develop the market.

Within the EU the gas market, for example in the Netherlands, was liberalised in July 2004 in
accordance with EU legislation, with supply and management of the gas rksthegally separated.
However the gas market today is still heavily influenced by state owned organisations.

In the United States the FERC Order No. 636 completed the final steps towards market liberalisation
by making pipeline unbundling a requiremetdsued in 1992, the Order states that pipelines must
separate their transportation and sales services, so that all pipeline customers have a choice in
selecting their gas sales, transportation, and storage services from any provider, in any quantity.
Order636 is often referred to as the Final Restructuring Rule, as it was seen as the culmination of all
of the unbundling and deregulation that had taken place in the past 20 years. Essentially, this Order
meant that pipelines could no longer engage in merdtgas sales, or sell any product as a bundled
service. This Order required the restructuring of the interstate pipeline industry; the production and
marketing arms of interstate pipeline companies were required to be restructured aslangth
affiliates. These affiliates, under Order 636, could in no way have an advantage (in terms of price,
volume, or timing of gas transportation) over any other potential user of the pipéline.

2.11.2 Europe and the UK

In Europe a number of regulations have been publishedrggtiiut the standards for gas metering.
Examples of these are listed fafiows: -

1 Council Directive 71/318/EEC of 26 July 1971 on the approximation of the laws of the
Member States relating to gas volume meterSets out the obligations for member states
for gas metering standargs

! Natural Gas.Org
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1 Directive 200/22/EC of the European parliament and of the Council of 31st march 2004 on
measuring instrumentg Addresses the marking and minimum measurement standards for
both gas and electric meters

In the UK a number of statory instruments have been brought into force for regulating gas
metering standards. Examples of these are listetbbews:-

1 The Gas Meters Regulations 138@&ferencing the Gas act 1972

1 The Measuring Instruments (Gas Meters) Regulations 2006 pabliPy Weights and
Measures; Communication 2647 which references EC directive 200/22/EC

1 The Gas (Calculation of Thermal Energy) RegulationsclB@6439¢ These regulations set
out the standards to be applied to the calculation of natural gas thermatgy taking into
account factors such as pressure, compressibility and gas composition. The regulations also
set out the role, duties and rights of gas examiners engaged in the enforcement of the
regulations

1 Gas safety (management) regulations 1998 particular Regulation 8 and Schedule 3 parts
1 & 2 specifies the minimum gas calorific value and Wobbe index together with maximum
concentration of containments such as hydrogen sulphide and soot

The UK gas network operators in response to the above tidiescand regulations have developed
their own standards and procedures which govern the design and installation of metering systems.
The standards and procedures provide the detail required for accurate energy measurement of gas
flowing into and out of @jas transmission system.

2.11.2.1 UK Experience

The Departmentf Trade & Industry (Oil & Gas Office) "Guidance Notes for Standards for Petroleum
Measurement Under the Petroleum Act 1998" has been adopted as a benchmark for measurement
uncertainty. In section 3.22 (Gaseous Petroleum) it is stated that:

WeKS dzy OSNIiFAyde 2F (GKS YSIF&adaNBYSyd 2F F Yl aa
simplified formula given in ISO51871991 paragraph 11.2.2. Over the normal production flowrates
the overall uncertainth K2 dzf R 0SS 6SGGSNI GKIY pmMPE:Q

Whilst the above paragraph refers to flow measurement by means of pressure differential devices

e.g. orifice plate meters, the uncertainty in mass flowrate can be interpreted such that the
uncertainty of volume measurement sgshs e.g. turbine metering systems and ultrasonic metering
aeadsSvyaz akKlrtf 0S pmMdmrE: 20SNJ 0KS ALISOATASR Tt 25
For metering installations that are used for flow control or planning purposes the uncertainty of

mass or volume measurement canS 5 o ® fig spexifes v range.

Volume Flow Measurement

The flow measurement system shall be designed, built and installed to BS EN 1776. Further guidance
Aa 3IAPSY Ay UGUKS LyaluaddziS 2F DIFa 9y3IAYSSNEQ NEB
devices thdollowing standards/guidelines also apply:
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1 Orifice plate metering systems BS EN 1SO 5167
1 Turbine metering systems BS 7834 (_ISO 9951)
9 Ultrasonic metering systems BS 7965, BS ISO/TR 12765, AGA 9

Other flow measurement systems may be considered. Howetraceability of the proposed
measurement method shall be provided e.g. BS ISO 11631, and the uncertainty of the measurement
shall be demonstrated.

Line Density

Line density is required in the calculation of mass flowrate (orifice plate metering systeiinsihe
conversion of actual volume flowrate (turbine & ultrasonic metering systems).

Line density may be determined either by measurement, using dmeéndensitometer, or by
calculation, using a gas composition obtained from a gas chromatographtréraatograph is used
the calculation will be in accordance with the latest version of BS ISO-22213

Volume flow computation

Volume flowrate should be calculated in a dedicated flow computer which shall accept all signals
necessary for the calculation dfie total station volume flowrate. The flow computer shall also
provide, toan external device, integrated volume flow signals.

For an orifice plate metering system the live input signals shall include (per stream), but not be
limited to:

9 Differential presure transmitter low range
Differential pressure transmitter high range
Pressure transmitter

Temperature transmitter

Line density ¥

= =_ =4 -4 =4

Relative density *
9 Gas composition (if a chromatograph is installed)

For a turbine metering system the live inmignals shall include (per stream), but not be limited to:
9 Turbine meter pulses

Pressure transmitter

Temperature transmitter

Line density ¥

Relative density ;*

= =4 =4 4 =4

Gas composition (if a chromatograph is instaljed)
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1 For an ultrasonic meteringystem,the live inputs shall include (per stream), but not be
limited to: -

0 Ultrasonic meter pulses (or ultrasonic meter parameters via serial link)
0 Pressure transmitter
0o Temperature transmitter
0 Line density ¥
0 Relative density ;*
0 Gas composition (if a chromatograjshinstalled)
* These signals are required if the chromatograph option is not used.

The flow computer shall accept the results of a calibration carried out at a suitably accredited facility
to minimise the error of measurement. For turbine and ultrasaniter calibrations the number of
calibration points that can be entered shall not be less than five.

Energy Flows

In certainsituations,the network operator may require instantaneous and integrated energy flows
converted to metric standards conditions. elluncertainty of the energy flowrate shall be better
GKFYy pmModM: 2F NBFRAY3I 20SN) 6KS &ALISOAFTASR Ft26 NI

Calorific Value Determination

Calorific value will be required in the calculation of energy flowrate. In situations where the Gas

(Calculation ofThermal Energy) Regulations 1996 and Amendment 1997 apply (typically where gas
enters a charging area or transfers from one charging area to another) then the apparatus used for
the determination of calorific value will be operated and maintained undegation from Ofgem

and will be used for the purposes of calculating flow weighted average calorific value (FWACV)
applied to that charging area.

In situations where the Gas (Calculation of Thermal Energy) Regulations 1996 do not apply then
calorific value my be determined either by measurement, using a calorimeter, or by calculation,
using a gas composition obtained via a gas chromatograph. If the latter is employed then the
calculation will be in accordance with the latest version of BS 7859 (_ISO 69vi@Cafor both
combustion and metering.

In either of the above cases the connecting party (PGT) will require the rights to evaluate all
instruments used in the determination of the CV in addition to the right to witness the calibrations
or perform tests orthe apparatus.

z A

¢KS | OOdz2Ny 08 2F @K RSGOSNNY¥AYSR [/ + gAftf 0S o0SaGGSN
Energy Flow Computation

Flow computers installed at connections where energy measurement is a requirement shall be
capable of accepting signals necessary for the calculaticenergy flowrate. The flow computer
shall also be capable of providing integrated energy flow signals.
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Sampling Systems

The sampling systems used to obtain the sample of gas for quality measurements shall ensure that
no change to the gas composition ocebetween the sample point and the analytical instrument.
The time taken for the sample of gas to travel from the sample point to the analytical instrument
shall be less than one hour. Pip&ll sampling is acceptable except for gas samples for deterginin
hydrocarbon dewpoint etc.

Standards/Guidelines

Gas quality measurements should comply with the current versions of the following
standards/guidelines:

1 BS 315610.3 (_ISO 6327);
1 BS315611.1.2 (_I1SO 6975);
1 BS 3156.1.2 (_ISO 6570);
1 BS315611.4 (_ISO 63);
T BS315611.5 (_ISO 10723);
1 BSENISO 10715

1 BSENISO 14111.
DECC Guidance

The UK guidance notes for petroleum measurement issued by the Department of Energy and
Climate Change (DECC) provides advice for the measurement of gas delivered by the pntalacer
mid-stream UK natural (sales) gas midstream transmission network.

The guidance notes draws on information and makes reference to both European and International
standards as follows:

1 AGA Report No. 11 / APl MPMS Chapter 14.9 (2Q1&easurement 6 natural gas by
Coriolis meter;

1 BS 7965 (2013) Guide to the selection, installation, operation and calibration of diagonal
path transit time ultrasonic flowmeter®f industrial gas applications;

1 158012213 (2010) Natural gasCatulation of compressiorattor;
1 1S0O 10723 (2012) Performance evaluafamon-line analytical systems;

1 1SO 17084 (2010) Measurement of fluid flow in closed conduitdltrasonic meters for gas
--Part 1: Meters for custody trasfier and allocation measurement;

The guidance fodry, processed gaseous (single phase) hydrocarbons contained in the document is
summarized as follows:

1 All measurements mustdomade on singkphase streams;
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1 In shared transportation systems it is normal practice for value to be attributed to the
contributing fields on either a gross energy or on a component basis. In either case, there
should be provision for the determination of gas composition (Chromatdgrap

1 Gas density at the meter may be determined-by:
o Continuous direct measurement by an-bine densitometer;

o Calculation, using a recognised equation of state together with measurements of gas
composition, temperature and pressure.

The use of the two methods in parallel provides a valuable arbsesk on the measurement station
as a whole, and i$e preferred approach.

2.11.3 Meteringin Lithuania

In Lithuania thenatural gas transmission systesperator (TSOdndgas distribution system operator
(DSO) activities (and of course other activities not associatddgas industry) is the responsibility
of Legal Metrology.

Legal metrology isesponsible forthe application ofthe legal requirements to measurements and
measuring instruments.

Measuements are incorporated into the routine daily activitiespecially irthe gas industry (for
example gas is béld based on measurements).

There are 3 categories of metrologyliithuania:-
9 Scientific metrologyvhichis associated with reference samples;

91 Industrial metrologyto ensure the proper functioning of measuring instruments in industry,
in production and ést processes;

1 Legal metrologyfor precision of measurement when it influences economic, official and
commercial transactions, correct relations on labour safety and working environment.

The key objective for legal nrelogy is to guarantee accurateeasirements when it is used in:
9 Official and commercial transactions;
1 Working environment and labour safety.

Metrological support to the facilities of natural gas transmission systgrarator (TSOand gas
distribution system operator (DS®)a set of orgasational and technical activitse rules and norms.

It is necessary for ensuring uniformity and required accuracy of the measurements, including gas
guantity and quality, carrying out technological operations and ensuring safe labour conditions.

Metrological support is performed in compliance with the requirements of standards (ISO), legal acts
and norms of Lithuania, other normative documents.

Metrological support to the facilities of TSO and DSO includes the foll@aetigfies:
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1 Systemic analgis of the conditions and use of measuring instruments, reference sample
and adherence to the metrological rules and norms and, based on that, development of the
activities on the improvement of metrological support;

Development and introduction of moda methods and measuring instruments;
Introduction of international legal acts and standards;

Development and introduction of national and company standards;

= =4 =4 =4

Metrological review of projects, technical specifications for engineering, designing, and
technolagical and other normative documents;

=

Approval of measurement methodologies;
9 Testing and introduction of new measuring instruments;

1 Monitoring of the condition, use and maintenance of measuring instruments, compliance
with metrological rules and norms;

1 Metrological information support;
1 Measuring instruments verification and calibration;
9 Training and capacity building

2.11.4 Requirements for Measuring Instruments:

Measurement results of the measuring instruments should be shown in measurement units applied
in Lthuania.

Measuring instruments should meet the requirements of the legal acts and/or requirements of
manufactures.

Measuring instruments and their software should be protected against interfering.

Measuring instruments are designed for use in legal olegy and should have the respective
symbols proving thdulfilment of assessment of compliance with the requirements of technical
regulations and other legal acts.

TheMinistry sets the rules for supply of measuring instruments to the market when thepuaside
of technical regulation. Measuring instruments should be used in compliance with the user manuals
prepared by the manufacturers.

In legal metrology the norative requirements for operation astipulated by the measuring
instruments manufacturerare legally ensured by appointment of the responsible person for
installation of measuring instruments so that they are fit for the purpose.

2.11.5 Legal Metrological regulation
Thelh &0 2F Y SI &dzNR y Hesigngdifar INgdYnStyology iQ apArdlBdonz Kinistry.

The legal metrological regulatiomequirements are not applied to the category of measugin
instruments which complwith the EU Directives, when they meet the requirements of International
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and/or European Standards and have standardsipliance certificates issued by the manufacturer
(seller).

Legal metrological validation of the measuring instruments includes

9 Evaluation and validation of the type of measuring instruments;

9 Verification of measuring instruments (initial, periodic, eptienal, sampliny
The approved types of Measuring Instruments are entered into the Lithuanian National Register.
The Register is administered by the Ministry and maintained by the Inspectorate.

Approval of a type of measuring instrumentwhich is caied out in an EU memberstate in
compliance with the requirements of EU legal acts, is recognised in the Lithuanian Republic.

The Ministry or its authorised body establishes the verification intervals for the measuring
instruments, approves the verification method and sets the procedure for recognition of the fulfilled
verifications carried out in ne&U countries.

2.11.6 Legal Metological regulation supervision
Applies tomeasuring instruments which are subject to legal metrological regulation.

Metrological supervision is performed by the authorised representatives of the Lithuanian
Metrology Inspectorate.

2.11.7 Metering equipment calration in Lithuania

The following table sets out the calibration frequency for various types of meters installed in
Lithuania:

No | Meter type Calibration frequency
1 | Turbine 2 years
2 | Orifice 2 years
3 | Rotary 4 years
4 | Flow computer 2 years

5 | Temperature, pressure, differential pressure transmitters | 2 years

6 | Manometer, thermometer 1 year

7 | Orifice plate 2 years
8 | Orifice plate %300mm) 4 years
9 | Diaphragm gas meter{(6) 12 years
10 | Diaphragm gas metefJ10G25) 8 years
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11 | Vortex gasneter 2 years

12 | Ultrasonic gas meter 2 years

13 | Turbine gas meter (2 turbine meters in series control syst{ 5 years

14 | Gas volume conversion device without pressure transduc| 5 years

Tablel5: Meter calibration frequencyLithuania

2.11.8 Rules for legal metrological regulation of measuring instruments

Compliance assessment of measuring instruments carried out in EU meiates or EEA countries
in accordancewith the requirements of the agreed legal acis recognised in the Lithuanian
Republic.

Unrestricted supply of measuring instruments frahe marketis allowed provided the measuring
instruments are-

1 Subject to reqilation by agreed legal acts;
9 Their marks comply with the requirements of the currentesfor measuring instruments
1 Have documentation that confirm metrologicahd environmental requirements.

For measuring instruments not complying wilgreed legal actsnrestricted supplyis allowed to
the market if the measuring instrumentare manufactured in EU merab states or EEA countries
and comply withthe following conditions:

1 Measuring instruments bear marks and hawdocuments indicating the measuring
instruments have undergone an assessment bywhaised body in the EOr EEA and the
instruments have undergone an assessment, approaat initial verificationprocess and
have documents for theinstallation and operation;

1 National requirements of EU member states and EBAntries satisfy the respective
requirements ofthe Lithuanian Repuiz on metrological performance and environment
complianceetc.

Verification of instrument types in Lithuaniaperformed by an authorised body practicing time
relevant area of verification ofthe measuring instrument The Ministry approveshe types of
measuring instrumentthat enters into the Lithuanian Registry of measuring instruments.

The measuring instrument whose type is approved, must bear relevant marks. Measuring
instruments whose manufacturer is not an BEJ member or EEA countmmay be supplied to the
Lithuanian market if it is confirmed that the type determining and approval procedure or conformity
assessment procedure is carried out in an EU member or EEA country.

A list of associated compliance regubais and standards applicable toetrologyin Lithuania is as
follows: -
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Directive 2004/228J of theEuropean Parliament and Council,
OIML RL37-1&2;

Operational procedures for the natural gas transmission system
Lithuanian Law on Energy;

Lithuanian Law o Natural Gas;

Lithuanian Law on Metrology;

List of groups of measuring instruments and verification intervals in the area of legal
metrology;

Rules for metering natural gas

-Technical regulation of measuring instruments;

Rules for legal metrological relgtion of measuring instruments;

Rules for equipping gas systems in buildings

[ AGKdzr yALY aGFYyREFENR [{¢ Ib MopdYHAAMKS MYHANC

Lithuanian standard LST EN ISO 52@8003.c0 a S| adzNBYSy i 2F FfdzA R ¥Ff
pressure differentiablevices inserted in circular cresection conduits runnindull - Part 2:
OrificeLJt I iSa «a

JAGKdzZE YALFY &dGFYyRFENR [{¢ Ib wmtTcYHnnnd® aDI &
AG1GA2Yad CdyOGA2YyEE NBIdANBYSYydasT

-Lithuanian standard LST EN 12261:2003200c & ¢ dzZNbAYy S 3 & YSGISNBRET

Lithuanian standard LST EN 12408005+ H YH n MM & DQorversios de@ded Rart 1
Volume conversion;

Lithuanian standartiST EN 12480:20#Gas meters Rotary displacement gas metérsl

Lithuanian standard LST EN 1240Y H n M H @ & Odn\ersion $éviSeN.EPdrt 2. Energy
O2yBSNBAZ2YET

[{¢ 9b L{h c ¢dT c-Caleulatprbof aalbrificivelzi3, densilyl rélative density

and Wobbe index fron02 YLR2 &A GA 2y &

[ {¢ 9b wmnUitasonickdonmesticlga®S G SNAE a

[{¢ L{h pmMcyYHnntT® aoab PraceoNBsYfbryi¢i evalidtionFof dzA R F
dzy OSNIi} AydiASa a

LST EN ISO 12263¥ H n mn ® o b EalcdiMibnt of cdrhpiiession factor Part 3:

Calculéion using physicdlINR LISNII A S&a &
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2.12 Technical evaluation of the international market

2.12.1 Pressure regulators

The international market for gas pressure regulators is well established with many suppliers fully
established in the UK, Europe and United States. Pressure regulators and assode&tiedesaces

are not normally purchased as individual compotse The established practice is to purchase
pressure control equipment assembled in modular construction. The pressure control modules will
incorporate equipment including filters, regulatorsyey pressure devices, creep relief valves and
instruments.

Pressure control modules can be sourced by issuing a minimum functional specification to potential
suppliers Pressure control modules can then be competitively sousresiring equipment complies

with9b MHMYycYHnnn WYRQGdE Pleskld BegulatihgdSiatioBsYfér Transmission and
Distribution¢ Cdzy OG A2yt wSI|dZANBYSY(iaQ | yR ¢&ds Prassuer @Y H NN
Regulating Installations on Service Ligésunctional Requirements

For larger installations each main component of the system would of modular construction
comprising:

9 Filtering;
1 Pre heat;
1 Pressure contrgl
1 Metering.
A typical site layout is included Appendix16.

A list of potential suppliers is tabulated fadlows: -

REGULTOR MODULE SUPPLIER

1 Forentini
Brooke House
Spartan Close
Warwick
Warwickshire
United Kingdom
CV34 6RR(ap)

Tel: 0192636745
Fax: 0192636647
Website:www.fiorentiniuk.com

2 Emerson

Emerson Process Management GmbH & Co.
OHG

Argelsrieder Feld 3 82234
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REGULTOR MODULE SUPPLIER

Wessling
Telephone
+49 (0) 8153 939 0

ContactOnline
http://www.emersonprocess.de/

3 AFC

Active Flow Controls
Brackenwood House
Kimbell Road
Basingstoke
Hampshire

United Kingdom

RG22 4AT
Tel + 44 1256364590

4 BRYAN DONKIN

210 Century Drive
Bristol, CT 06010

United Kingdom

Toll Free: 866! MY REG
866-469¢ 7347

5 ElsterMesstechnik Gmb
Otto-HahnRing 24
64653 Lorsch
Tel: +49 625593010
Fax: +49 6255930180
EMail: messtechnik@elster.con

www.elstermesstechnik.

Tablel6: List of regulator suppliers
Typicalpressure contromodule detail isncluded inAppendix 17.

It is common practice to issue a minimum functional specification to suppliers before purchase of
equipment and an example is included as follews:
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Name of installation
Governor module and enclosure
ltem Specification/cost
1 Design flow Xxm®/hour
2 Supply inlet pressure xx B
3 Delivery outlet pressure xxmbar
4 Module configuration Active slam/twin stream
5 Design standard inlet pressure PN 16
6 Design standard outlet pressure PN 16
7 Housing- 2 sets of doubleloors Required
8 Designed and constructed in accordanei¢h IGE| Required
/TD/ 13
9 All manuals and maintenance requirements Required
10 Commissioning, 12 months 24/7 fault and rep| Required
cover
11 Delivery 21* January 2016
SourceExpertadvice

Tablel7: Regulatormodule minimum functional specification

2.12.2 Meters

A supply of gas meters is readily available throughout Europe and no particular preference is
expressed by the consultants.

¢KS O2yadzZ dFlyida KIFI@S O2YLWAESR | FAES 2F YI ydzF |l «
turbine and ultrasonic gas meters. The file will be made available to the GGTC.

A pricing table compiled from data from the main manufacturers is includégpendix 18

There has been considerable market consolidation resulting in a limited number of large
manufacturing conglomerates to choose froAnlist of suppliers is contained in the followitadple: -
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METERSUPPLIER

1 COMMON

ROTARY GAS METERS
TURBWE METERS
VOLUME CORRECTORS
QUANTOMETERS

POLAND
Ul: Aleksandrowaka 67/93
91-205 Lodz,Poland
Tel+ 48 42 253 66 57

+ 48 42 253 66 58
E mail: common:@common.pl
www,common.pl

2. | ELSTER
ROTARY METERS
TURBINE METERS

GERMANY

Elster GmbH

Elster GmbH

Steinern Str.

55252 MainZKastel

T +49 6134 605 0

F +49 6134 605 223
www. elsterinstromet.com
info@elsterinstromet.com

3. | RMG

TURBINE METERS
ULTRASONIC METERS
VOLUMETRIC

GERMANY

Honeywell ProcesSolutions

RMG Regel + Messtechnik GmbH
Osterholzstrasse 45

34123 Kassel, Germany

Tel: +49 (0)561 5007

Fax: +49 (0)561 50a107

Tablel8: List of metersuppliers
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2.13 Pilot Area Cost Benefit Aalysis

The balance of cost and paybaa&sociated with the improvement recommertdms made in the
report isdependnt on the followingvariables-

1.

Additional operational costs associated with improvements in maintenance tasks,
procedures and certification;

Additional capital costs associatedith investment in new equipment suchsgoressure
regulators

Savings associated with reduction of Amichnical losses (metering errors) leading to
undercover of the income from the supply of gas

Savings associated with the reduction of technical lossasgige)by optimising system
pressures

The cost elements associated with each of the above items are discussed as follows:

2.13.1 Operational costs

The main operational costs associated with the report recommendations comprise regulator and
meter equipmentmaintenance, inspectigncalibration and certification The cost element are
summarised in the following tables.

2.13.1.1 Pressure regulators

Typical unit costs for inspecting and maintampressure reduction equipment areummarised in
the followingtable: -

No Inspection type Indicative cost
Euro

1 Routine 750

2 Functional check 1500

3 Major overhaul 3000

Tablel9: Typical regulator inspection costs

On an annualised basis the costs per average size regulator installédiormaintenance and
inspectionare estimated afollows:-
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No Inspection type Number per year Indicative unit cost Annualised unit cost
Euro
1 Routine 1 750 750
Inspection
5 Functional check 1 1500 1500
3 Major overhaul One every 6 years 3000 500
! (0.15 pelyear)
REGULATORSOTAL ANNUALISED COST OF INSPECTIONS 2750

Table20: Annualisedregulator inspection costs
2.13.1.2 Meters

Typical unit costs for inspecting andaimtaining metering equipment arsummarised in the
followingtable: -

No Inspection type Indicative cost
Euro

1 Turbine meter bearing 10

2 HART Communicator 4000

3 Manometercalibration 100

4 DPICalibration 300

5 Meter calibration certificate Lithuania 270

6 Meter calibration certificate Germany or 10,000
Netherlands

7 Site attendance per visit routine inspection 750
(Allow 4 hrs per site)

Table21: Typical meterinspection costs

For the pilot area it is noted that 24 meters can be calibrated in Georgia and 4 metersexlto be
calibrated in Germany or the Netherlands

On an annualised basis an estimated cost for maintaining and inspecting the following types of
meter installation are afllows:-
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No Meter type Number per year Indicative unit cost Annualised unit cost
Euro
Turbine meter
1 (Routine 4 750 3000
inspection)
Orifice plate
2 meter 6 750 4500
(routine
inspection)

Table22: Typical meterinspection costgroutine inspections)

Note: It is assumed that the abogests include for replacement of parts such as bearings etc.

Typical meter certification costs on an annualised basis afellass: -

No Meter type Frequency of| Annualised Cost Annualised Cost
inspection Lithuania Germany-Netherlands
1 Turbine meter Every 2 years 135 5000
(0.5 per year)
Every 4 years
2 Rot t 77 2500
otary meter (0.25 per year)
g Every 4 years
3 Orif lat 10 N/
riice plate (0.25 per year) a
4 Flow computer Every 2 years 100 N/a
(0.5 per year)
Temperature  /
pressure /
5 differential Every 2 years 5 N/a
(0.5 per year)
pressure
transmitters
Manometer /| Every year
6 Thermometer (1 per year) 3 N/a

Note: These estimates are based on the average cost in Lithuania
Table23: Typical meterinspection costgCertification)
2.13.1.3 Estimated annual costs for the pilot area

The estimated annual operational costs for the pilot areéodews:-
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No Equipment type Quantity Annualised Cost Annualised Cost
Georgia (Using | Germany-Netherlands
Lithuania example)
2 Turbine — meter| ,, 72,000 N/a
routineinspection
Turbine meter
2 Certification 20 and 4 2,700 20,000
3 Rotary — meter) , 12,000 N/a
routine inspection
Rotary meter
4 o 4 N
Certification 308 fa
5 Orifice  plate) o 67,500 N/a
routine inspection
Orifice plate
e 1 1 N
6 Certification 5 50 fa
7 Flow computer | ¢ 2,800 N/a
Certification
Temperature  /
pressure /
8 differential 101 1515 N/a
pressure
transmitters -
Certification
Manometer /
9 Thermometer 200 600 N/a
Certification
Regulator module)
Routine 66,000
10 . . 24 ' N/
inspection (Based orUK) a

Table24: Annul maintenance costs for the pilot area

The above sumt a total annualmaintenance inspection cost for the pilot area of approximately
225,000 Euro. Note this estimate is provided for illustration purpasdg and can be verified by
GGTC.

It should be noted that these are not real additional costs to GGTC as they already providing
inspection and maintenance services. It is considered that a factor of 30% of the total costs should
be applied to represent th additional costs to be incurred by GGTC to improve metering accuracy to
the recommended standard.
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2.13.1.4 Estimated annual costs for GGTC

It has been reported that there are 300 large and mediunedsimstallations in GGTC andist
recommended that following full audit of installed equipment the approach illustrated above can
be applied to calculating the maintenance, inspectioalibrationand certification costs for GGTC as
a whole.

2.13.1.5 Opportunity savings from improved metering accuracy

Improved metering aagacy will result in a reduction of none technical losses duesthuction in
metering errors.

Specifying the proper calibration for thé S (i Sapidication eliminates one of the main sources of
flow measurement error.

When correctly calibrated by a quality laboratory, turbines have a repeatability-0f0&% and can
achieve an overall accuracy 0f325% of reading over a widange ofturndown.

From theO 2 y & dzfoliiseryailo@saof the pilot area it is estimated ththe overall accuracy of
metering could be improved by approximately 2%. It was noted from the meter data provided for
February 2015 the total lost gas was as much as 6% and the reported loss through leakage being
approximately 4%. A 2% improvement asateil with metering accuracy is therefore broadly
consistent with the information provided by GGTC.

Gas price
The sales price ofaturalgas as reported by GGTC is listefbdews: -
1. Consumer gas price 315 to 345 GEL per 1000m3¢(134 USD);

2. Social gas price (Residential customers) 60 USD per 1000m3 (Social housing prices are tiered.
Forexample consumption of less than 10,000 m3 per annum has the lowest price;

3. Allocation of gas consumption between Commercial and SHaasing i€0:60;

From the above for the purpose of our assessment we have assumed an average gas price for
customers of 100 USD per 1000m3.

Estimated savings

From the February 2015 data provided by GGTC we have assumed an average gas consumption of
1,400,000 m3 per dafpr the pilot area.

Using thigdata, we estimate that savings can be made by improving metering accuracy as illustrated
in the followingtable: -
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Average improved Pilot area flow rate Savingoer day Saving per day
metering accuracy assuming a value fo
through Calibration | Per day (1000)m3 natural gas of  10(
USD per 1000m
February 2015
Approx. 2,800JSD
2% 1,400,000 Approx.28

(2,600 Euro)

Table25: Savings through improved metering accuracy

2.13.1.6 Cost benefit analysisummary for improved inspection regime

For the pilot areaas reported abovethe estimated annual maintenance costs associated with an
improved inspection, maintenance and calibration regime225,000 Eura GGTC are already
providing inspection and maiehance services so we have assumed only 30% of these costs would
be additional costs which estimated at67,500 Euro.

Comparing these additional costs with the potential savings (2,600 Euro per day at peak demand)
then a payback would be achieved in 3yd at maximum demand values.

Even if the improved accuracy was only, B4payback would be achieved within 60 day at peak
demand.

The assessment illustrated above provides a compelling case for improved metering maintenance,
inspection calibrationand ertification.

This rational could be applied to the entire GGTC gas transmission network.

2.13.2 Investmentcosts

Following on from the findings of the site visits and a risk assessment provided in the report it is
recommended that ageing pressure reduction gmuent should be replaced using modular
equipment from approved European supplierShe new equipment should be designed t®
configuration that avoids over pressure of the downstream network and maintains security of
supply.

A summary of the costs for it@ling pressure reduction equipment that comply with European
standards is as follows
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Regulator module type Module Enclosure | Installation | Total

Small residential supplying up to
consumers- 4 bar to 75 mbateyon |(€eHpPAN |e€eMANN |€HAYN
(Circa 20scmh)

Single commercial/residentia
greater than 4 and up to 3
customers - 4 bar to 75 mbar
(Circa 150 scmh)

EHpPpPANlenMp |eHnNnNnNn |[endcp

Large commercial/industrial4 bar

. EMNNOAN|eENYNN|e€Y NN |€HTHDAIJ
to 75 mbar (Circa 500 scmh) y y

Large multinetwork installation 20

.. lenynZ| Na ceoynzneycnzij
bar to 4 bar (Replacement existing y y y

Source: Survey of pressure regulator suppliers and UK contract costs
Table26: Regulator module costs
2.13.2.1 Estimated investment costs for the pilot area

Thefollowing information is provided for illustrative purposes and providemated investment
costs forreplacing pressure regulator equipment in the pidoea -

Regulator module type Number of | Unit cost Total
installations

Small residential supplyingp to 4
consumers- 4 bar to 75 mbar 10 EHNYN EHNZNyYyAN
(Circa 20scmh)

Single commercial/residentiz
greater than 4 and up to 3l
customers- 4 bar to 75mbar Circa
150 scmh)

10 €ndcp endgzcopn

Large commercial/industrial4 bar

. 6 EHTHANN |€EMCOZHAON
to 75 mbar (Circa 500 scmh)

Large multinetwork installation 20

.2 cnzx b2 b2
bar to 4 bar (Replacement existing eycasanpeMeT AN
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Based on an indicative population of 24 the estimated cost of replacing the regulator installations in
the pilot area is approximatelyillion Euro.

Table27: Investment costs for the pilot area
2.13.2.2 Estimated investment costs for GGTC

It has been reported that there are 300 large and medium sized installations in GGTC and it is
recommended that following a full audiff installed equipment the approach illustrated above can
be applied to calculating the investment costs for GGTC as a whole.

2.13.2.3 Opportunity savings through leakage reduction

It should be noted that whilst thimvestment in new equipment ia real additionatost to GGTC in
providing improvements to gas safety to comply with European standdwele will be a payback
associated with an opportunity to reduce technical losses caused Hgajeae.

Leakage reduction came achieved through an average reductionsystem pressure resulting from
the installation ofpressure managemerhrough closed loop control.

The concept has been applied extensively in the UK by lowering system pressures during periods of
low demand suclasduring the summer time and at nighPressures will remain high at peak flow
times of the day and year.

The optimisation of network pressures and the upgrading of gas mains systems have been identified
in Europe as key components for reducing gas leakage and therefore technical lossewiizas
leakage contributes 97% of the total leakage elenfantits submission to the UK Office of Gas and
Electricity Markets (Ofgem) Nation@kid assertedhat gas mains leakage is 0.5% of total annual gas
throughput and that by implementingn effective mainsupgrade and pressure management policy
mains leakage could be reduced by approximately 10% during the next regulatory period.

Whilst the opportunities within GGTC for exgive gas pipework replacement afanited by
financial constraintpressure managemens an option if regulator equipment is twe replaced.

Pressure managemerg leakage oncept

The volume of leakage through an orifice such as a hole in a leaking pipe is proportional to the
differential pressure between the inside presswof the pipe and the atmospheric pressure outside

of the pipe. So by reducing the internal pressure this will reduce the volume of gas lost through a
leaking pipe wall.

The following formulallustratesthe relationship between gas flow through an orfiand pipeline
internal pressure:-

0 6Md Q0 &

2 National Grid submission to OfgeiDecember 2012
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The following formula shows the relationship betwe#aw through an orifice at two different
internal pipelinepressures:

Op O MOp@ Opd
0c 6 uUbcq  Oid
The lesser flow through an orifice (suah a leakage path) is shown as follows where the flow at the

reduced internal pipeline pressure is calculated by multiplying the flow at the origipaline
pressure by the ratiof the square rout of the lower pressure and the original pipeline pressur

Where:-

Q1 is the flow rate through the orifice at a reduced pipeline pressioldowing pressure
management

Q2 is the flow ate through the orifice at the higher pressure befgnessure management
Plip ighe pressurgabsolute)inside the pipe following introduction of pressure management
P2ip is thecurrent inside pipgressue (absolute)

Pla =P2a = Atmospheric pressure outside of the pipe

C is a product of the discharge coefficient and orifice diametel @ancels out when a ratio is
applied

If we consider a GGTS anexample the benefits of reducing pipe pressure can be demonstrated as
follows: -

Assuming thecurrent average pipe pressure in the GGTC gas pipeline syateseen in the pilot
study, is approximatel\.3 Bar gaugef this averageressure could be reduceturingperiods of low
demand then the benefits in reduced gas leakage are illustrated in the following-table:
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13Bar 12 Bar 3.92%
13 Bar 11 Bar 8.01%
13 Bar 10 bar 12.29%

25 Bar 22 Bar 6.19%
25 Bar 20 Bar 10.56%
25 Bar 17 Bar 17.5%

Table28: Leakage reduction illustrations

Value of Gas

At a meeting with the Beneficiary held on the 2nd November 2015 the following gas prices were
mentioned:-

1. Consumer gas price 315 to 345 GEL per 1000m3¢(134 USD);

2. Social gas price (Residential customers) 60 USD per 1000m3 (Social housing prices are tiered.
Forexample consumption of less than 10,000 m3 per annum has the lowest price;

3. Allocation of gas consumption between Commercial and SHoiasing i10:60;
4. Gasstation price 1.25 per m3;

5. Entry gagprice fromSolar is 187 USD/1000m3;

6. Entry gagprice fromGaz Prom is 110 USD/1000m3;

For the purposes of calculating the value of energy losses we have assumed an average gas price of
150 USD per 1000%n

Value of leak@e reduction for the pilot area

GGTC reported that the existing leakage rate for the pilot are is 4% of throughput.
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Forthe pilot area assuming a volume flow rate of 1,400,000 m3 per day for February 2015 from the
data provided by GGTC and applying thekéege reduction rates calculated the table abovethe
potential savings by applying a pressure management policy are tabdudafollows: -

Leakage Lost gas reductior] Saving per day assumin| Saving per  annum
reduction based on a flow rate a value fornatural gasof | assuming an annual loag

of 1,400,000 m3/day| 150 USD per 1000m3 factor of 50%
Percentage and an existing

leakage rate of 4%

3.92% 2195 329USD 60,000USD
8.01% 4486 673USD 123,000USD
12.29% 6882 1,032USD 188,000USD

Table29: Pilot area leakage reduction potential savings

By referenceto the abovewe can assume that the twimline regulator installations installed with

the pilot areawould cost approximately 1.7&illion USD to replace with equipment which would
achieve the safety standards achieved in the EU. The replacement of these regulators would
therefore pay back in just more than 10 years through savings made in reducing lost gas through a
pressure managesant policy (Average system pressure reduced by 3 Bar during low demand
periods)

This concept could be applied to the entire GGTC network however such a replacement policy would
take many years to implement and the availabitifycapital funding culd bea major constraint.

2.14 GGTC Cost BenefinAlysis

Relevant datdor assessing the costs and benefis GGT@ssociated with the recommendations in
the report is as follows:

1. The total number of pressure reduction and metering stations reported to be iedtah
GGTC is 300 approximately 10 times the number located in the pilot area

2. The total volume of natural gas conveyed annually through the local transmission and
distribution network

To calculate the total gas conveyed through the G@€t@al transmissiorand distribution network
reference has been made to the gas supply and demand figures extracted from the presentation at
the INOGATE Regional Seminar on Security of Supply and Interconndgtiggels, Belgium, 10
December 2015as follows:
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Natural Gas Balance - 2010-2014 years

(MIn.cub\m)

Azerbaijan (Shah-Deniz)
Russia
Local
Socar

Thermal power plants
Residential
Commercial

Figure7: GGTC natural gas balance 262014

From the above table it can be seen that domestic gas consumption associated with Residential and
Commercial customers was 1581 million cubic metres in 20fthave assumed that this gjflow is
conveyed through the GGTC local transmission and distribution system

2.14.1 Potential savings to GGTC fateakage reduction policy

If we apply the leakage reduction concept illustrated in the pilot artesing pressure management,
to the whole of he GGTC local transmission and distribution network the savings that could be
achieve by reducing lost gas through leakage (technical losses) are illustrated as follows:

PageB2 of 86



IN ATE

PROGRAMME
FUNDED BY THEEU
EMERGY COOPERATION BETWEEN THE EU, THE LITTORAL STATES OF THE BLACK & CASPIAN SEAS AND THEIR NEIGHBOURING COUNTRIES

1 Bar 3.92% 2,480 338000Euro
2 Bar 8.01% 5,065 690,000 Euro
3 Bar 12.29% 7,772 1,060,000 Euro

Table30: GGTC leakage reduction potential savings
2.14.2 Potential income recovery through improved metering accuracy

Applying the benefits illustrated for the pilot area by improving meter calibration the following
additional annual income benefitould be achieved:

2% 1,581,000 31,620 2.87 million Euro

1% 1,581,000 15,810 1.44 million Euro

Table31: Savings through improved metering accuracy GGTC
2.14.3 Cost benefit assessment of improving metering accuracy

Whilst income recovery could be improved by 2.87 million Euro per annum for GGTC if a 2%
improvement in metering accuracy was achieved the cost of improved calibration and maintenance
for 300 installations is estimated at 675,000 Euro per annum usingitbegpea data. The benefits
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of improved calibration could therefore be in excess of 2 million Euro per annum for a 2%
improvement in metering accuracy and 0.75 million Euro per annum for a 1% improvement in
metering accuracy.

2.14.4 Cost benefit assessment aédkage reduction

Whilst the savings associated with reducing leakage through pressure management have been
estimated at between 338,000 Euro and 1,060 million Euro per annum, using the pilot area analysis,
it is estimated that an investment of 20 milliomr& would be required to upgrade the GGTC gas
control installations to the current European standard. Upgrading the installations would improve
safety and gas supply reliability in accordance with design concepts underpinning EN 12186 Gas
infrastructure T Gas pressure regulating stations for transmission and distributidfunctional
requirements

2.15 Conclusions
The conclusions of the report are summariseddad®ws: -

1. From information gathered at the visits to gas pressure reduction and metering
Ay aidl g dufing thenfikion to GGTE was observed that the esting metering and
pressure reductionequipment wasnot being maintained, calibrated or certificated to
standards adopted more widely in Europe;

2. The pressure reduction equipment observed did ooinply with the exacting requirements
of European standards to ensure the safety of gas users and the greater population housed
near to gas pipeline systems;

3. The report provides detailed advice and recommendations on the solutions available in
Europe and Wrldwide to improve metering accuracy and equipment configurations which
would ensure safety and comply with applicable European standards. The application of
these recommendations wouldreduce metering errors (netechnical losses), reduce
leakage (techmial losses) and reduce the number of gas related incidents and emergencies
leading to improvedompany reputation;

4. We have estimated that by improving the maintenance, inspection, calibration and
certification of meters the accuracy could be improved bynauch as 2%-or the pilot area
we have calculated that this would result in income being recovered for an additional
28,000m3 per day for unaccountedas delivered to customers. Based on an average gas
price of 100 USD per 1000m3 (Information providegd ®GTC) the additional income
generatedcould be 2,600 Euro per day

5. The investment irthis change tooperating practices would provide an almost immediate
pay back irrecoveringlost income from inaccurate meteringhe costsf the recommended
maintenane practicesare detailed inTable 23of the report and are estimated to be
225,000 Euro annuallfpr the pilot area Given that GGTC are already allocating manpower
to existing maintenance practices we have estimateat only 30% of these costs would be
additional to current costg67,500 Euro). For a 2% improvement in metering accuracy a
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payback would be achieved in 60 days and even if the metering accuracy was only improved
by 1%a payback auld be achieved in less than 1 ygar

To upgrade pressure reduch equipment to the recommended standaidl the pilot area
would require significant Capital investment, 2 million Euros for the pilot area aldms.
investment would be directedo installing new pressure regulators designed to a modern
standard with mproved reliability and enhanced safety features to protect the downstream
network from over pressure which is recognised as one of the principle causes of gas related
incidents resulting in injuries and fatalities;

The benefits of upgrading pressure ration equipment to the European standard are not
easily quantifiable however from experience in the UK the improvements would result in a
reduction in gas related incidents (Injuries and fatalities) leading to improved Company
reputation and the popularityf natural gas as the fuel of choice;

If the reports recommended solution to install closed loop pressure management
equipment in conjunction with replacing pressure reduction equipm&as adopted, then

the Beneficiary would achieve savings associatél reduced leakage (technical loseBy
reducing the system average pressure at periods of low gas demand the leakage rate could
be improved by between 4 and 12%, of the current d&pending on the average pressure
reduction achievedFor the pilot areait is calculated that the saving coulik between
55,000 and 175,000 Euemnually;

Whilstthe investmentin new pressure regulatorsould paybaclover a 10year period the
replacement policy would take many years to implement and the availalifitCapial
funding ould be a major constrairfor GGTC,;

The previous conclusions relate to the selected pilot area. The findings from the pilot area
investigation have been applied to GGTC as whole in Se2tigh(Cost benefit analysis
GGTQE For GGTC as a whole tiredings are summarised as follows:

a. Income recovery could be improved by 2.87 million Euro per annum for GGTC if a 2%
improvement in metering accuracy was achieved. The cost of improved calibration
and maintenance for 300 installans (GGTC assets) is estimated at 675,000 Euro
per annum. The benefits of improved calibration could therefore be in excess of 2
million Euro per annum for a 2% improvement in metering accuracy and 0.75 million
Euro per annum if only a 1% improvementietering accuracy was achieved;

b. The savings associated with reducing leakage through pressure management have
been estimated at between 338,000 Euro and 1,060 million Euro per afouanm
average system pressure reduction of between 1 and 3 Bas. ekimated that an
investment of 20 million Euro would be required to upgrade the GGTC gas control
installations to the current European standard. Upgrading the installations would
improve safety and gas supply reliability in accordance with design concepts
underpinning EN 12186Gas pressure regulating stations for transmission and
distributiont  Functional requirements
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Appendix 1 Inception report findings
Appendix2: Beneficiary Questionnaire
Appendix 3Beneficiary presentation first missiong 23“ Octobe 2015

Appendix 4: Notes of Beneficiary introductorymeeting ¢ 23® October
2015

Appendix5: Notes of Beneficiarypre-site visitmeeting
Appendix 6 Notes of Beneficiary site visit Evrogaz8™ November 2015

Appendix 7 Notes of Beneficiary site visiGazinvestorc 3 November
2015

Appendix8: Notes of Beneficiary site visit Goti3™ November 2015

Appendix 9: Notes of Beneficiary site visiGori Samkhedro Basg 3"
November 2015

Appendix 10: Notes of Beneficiary site visitMacharamagevi¢ 3"
November 2015

Appendix11: Notes of Beneficiary site visiVakac 3 November 2015

Appendix 12: Notes of Beneficiary site visiBaguramoc 3 November
2015

Appendix 13: Notes of Beneficiary Close out meeting 4™ November
2015

Appendix14: Saguramo and/aka Metering data
Appendix 15 Pilot Area offtake metering data
Appendix 16 Typical site layout schematic
Appendix 17: Typical module detalil

Appendix 18 Meter pricing information

Appendix 19 Worksh@ agenda, participants lispresentations,photos
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