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ABSTRACT

Tiay Gas Transmission and Tstrbution Company Limited (TGTDCL) 1s a gas
marketing company, which purchases gas from Bangladesh Gas Ficld Company Ltd.
{BGFCL) and Sylhet Gas I'leld Company Limited (SGFCL). This gas is transmiited
through its own and Gas Transmission Company Ltd’s (GTCL) transmission lines 1o
varions bulk customers such as Power and Ferlilizer Producing Company and distribution
network through various Cily Gate Station (CGS), Town Border Station (TBS), District
Regulating Siation (DRS) and Metering Regulating Station (RMS) to indusinal,
commercial and domestic users. In marketing the gas, the company 15 now facing a major

problet, which is known as system less.

System loss is thal portion of pas purchased, which is not accounted for by sales. transfer
and company uses or otherwise accounied for. At present the net system loss 1s
approximately 9%. Area wise in some places like Narayangonj, this figure is near about
50%. The present level of system loss needs some reduction to bring it to an acceptable

litmat.

The main objcctive of this study is to reduce the unaccountable gas. Idenlification of
varous [actors related to system loss is carried out. These factors can be classified into
two hroad classes as a) technical loss, b} non-techmeal loss, Techmical losges arc
inuvitable and the level of the same depends on physical and operaling condition of the
customer melering stations. Non-technical logses are the man made loss can be many and
varies with different lactors. The main part of it is pilferage loss through various illegal

means like meter tampering. regulaior tempering, by pass or un-metered usage ete.

This study covers the definition, classification, calculation, background and present status
of system loss Some of the special causes ol system loss with respect to Bangladesh arc
alzo discussed. The action program and extended action program 1o reducc system loss
underaken by TGTNCL and the furure plan or recommendation in ibis regard are also

discussed.
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has taken placc over the pasi decade. This devclopment 1s duc to the demands for

increased system reliability and cfficiency, environmental and accountability issues as

well a5 extremely imporiant criteria to minimize the loss of revenue.

Ihe svstem loss for transmission system is basically the difference between the
measyrement of gas wnput to the summation of gas outputs, with a corresponding
adjusiment {or changes in total line pack and other known pipeline usage and loss for a

aiven perind.

For a distribution systern the basic concept of determination of gas balance 15 same as for
a ransmission system. however the magnitude of gas outlets coupled with the vanability
in demand and complexily of distribution systems, means thal a number of parameters
need lo be taken into congideration. One of the major parameters is the understanding of
customer load profiles, including seasonal factors and ability to use altemalive cnergy
sources coupled with an appreciation of the plant process. A transmission system will
tend to be a ‘“tight’ system with respect to leakage, whereas a distribulion system can
suffer from significant natural leakage, averaging and estimation of gas sales, significant

load{lag effecis with respect to account and thefl or unauthorized usage.

The study of the systemn foss in a distribution system cannot be conducted in isolation of
ihe transmission system from which 1l sources the gas supply. This 1s becausc the
(ransmission supplies points are the darum or reference point for the input volume of gas.
As any measurenient has somc uncertainty it must be accounled for and fully appreciated
il a meaningful study is to be made for the distribution system loss. The volumetric
measurcment of naioral pas is complex due to the depcndence on the accurate

measurement of pressure, temperature and composition.



Titas (ias Transmission and Disinbution Company Limited (TGTIDXL) is a gas
marketing Company, which purchase gas from Bangladesh Gas Field Company Ltd.
{BGFCL) and $ylhet Gas Field Company Ltd (SGFCL). This gas is iransmitied through
ihe companics own and Gas Transimssion Company LTD's (GTCL) transmission line to
various bulk eustomer such as power and fertilizer producing company and distribution
network throush CGS, TRBS, DRS and RMS to industial, commercial and domestic

LIACTrS.

System loss 15 that portion of gas purchased, which is not accounted for by sales, transfer,
and company uses or otherwisc accounted for. This 1 also known as Unaccounled For
(as (UFG). The factors aflceting system loss all groped under two broad heads: techmcal
and non-techmeal. Based on opcrational expenence and avaiiable operational data,
compenenl-wise contributions of each of the techmcal and non-tcchnical factors of
systerm loss can be estimated. The technical factors are estimated at about 1.253% and the
nen-lechnical {aclors arc account for about 8.11%, (he lotal system loss being 2.305% of

net throughput. This 1s shown in Table — 1.1].

Table — 1.1: Estimation of Various Components of system loss cstimated in year 1993

ST.. No. Itern of system loss Svstem loss estimated as percent of
net thronghput

1. Technical system loss

i.1 Transmission loss 0.49% 1.25%

1.2 Distribution loss 0.75%

2. Non-Technical system loss

2.1 Pilferage loss 6.67% 8.11%

22 Loss duc to inconsistent domestic tarifl' | 1.44%

3. Tolal system loss 9.36%




Of the cugtomers supplicd gas by the company in ihe non-bulk scetor, the industrial and
commaercial customers are metered cuslomers whereas the domestic customers are stll
un-medered. Fach type of customers {and the subtypes) has their characteristic patierns ol
gas consumption, The associated ways and means of gas pilferage by dhfferent types of
cusiomers are also different. In the case of domestic customers, it is apprehended that
there are a pood number of hidden or unregisiered customers (ghost customer, so 10 say).
It is also apprehended that there is sigmilicant excess unauthorized apphances wnstalled by

the regisiered non-hulk customers of all categories, which arc contributing system loss.

Although deiail survey and analysis are essential for the determinalion of customer
categary wise contribution ta the overall non-hulk system loss, the same s yet to be
carried oul. Bul a gencral assessment in this regard indicates that the domeshc customers
are no less responsible than the industnial customers for the overall non-bulk system loss.
It 15 already evident that the system loss caused by non-bulk secter compnsing of
indusinal, commereial and domestic customers. The category wisc sales of the company

are shown in Table — 1.2, Also a pie diagram for the same is also shown in Figure — 1.1

Table — 1.2: Scetor wise Gas Sales (FY 2002 — 2003)

Sector Sales (MMSCM) % Tolal
Domestic 740.84 10.30%
Commercial 75.43 1.04%
Tndustrial 1305.54 1B.15%
Tndusinal {Seasonal) 9.822 0. 14%
Fertilizet 1300.78 18.09%
Power 3758.11 52.25%
Condensate equiv. Gas 1.151 (1.016%
Total 7191.68 100%
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From the sales figures shown in Table — 1.2, the non-bulk sector accounts for about
29.63% of total sales. The cumrent level ol 8% owverall system loss on net through put
means about 28% sysiem loss is in the non-bulk sector. Applying 1.25% of sysiem loss
caused by technical reason as estimated, the system loss of the non-bulk sector ansing out
of non-technical factors is 6.75% which i tum means 23.7% system loss against non-
bulk input. Bulk syslem loss is only the technical component of system loss and it is
estimated as 1.25%. The system loss of TGTDCL systemn al present is very high; which

needs improvement of the existing system to reduce it to an acceptable lnmi.

The main objective of this present study is to identify measures reducing unaccountable
uas. In doing this identification of various contributing faciors related to unaceountable
gas of the existing TGTDCL gas transmission and distribution sysiem can be classified as
technical and non-lechnical loss. Techmcal losscs are inevitahle and the level of the same
depends on physical and operating condition of gas. Mon-technical losses can be many
and varicd with various (actors. The main par of it is pilferage losscs through various
illegal means likc meter tampering, rcpulator tanpering, by pass or un-metered usage,
unauthorized conneclion ele. Al present pilferage loss is a very acule problem and tlus

needs reduction to an acceplable limit.



CHAPTER -2

LITERATURE REVIEW

2.1 Gas Law

The simple gas law is widely used in gas measurement work, and closely approximates to
the behavior of gases under atmospheric temperalures and pressures. The simple gas law
is based on the work of Robert Boylc in the 17" century and Jacques Charles some 100

years later.

2.1.1 Boyle's Law

Working with air, Boylc determined that if the temperature of a given quantity of gas
remained consiant, the volume of the gas vanes inversely with the absclute pressure. Tns

can be wntlen as;

]

P -xF Where, V = volume of air or gas
PV = constant P = Absolute pressure of air or gas
2.0.2 Charle’s Faw

Charles law statc that if the pressure on a particular quantity of gas is held constant, then
with any change of statc, the volume will vary duectly as the absolute temperature. This

can pe written as

VT where, V = volume of pas

¥
F:mnsr, T = Absolutc temperature of gas



2 1.3 Feal Gus Law

I'he concept of ideal gas is a hypothetical idea, but it serves as a useful tool o explain the
more complex real gas behaviour. An ideal gas is defined as a gas in which the molecules
oceupy negligible volume; there is no interaction berween the molecules, that is, no
attractive or repulsive forces cxist berween them; and eollisions bebween the molecules
arc purcly clastic, implying no cncrgy loss on collision. At low pressure most pases
cxhibit an almost idcal behavior. The tdeal gas law that applics to such gases can be

stated as Tollows (Reference = 30

PY =nRT
Where,

P = Absolutc pressure of pas
T = Absolute temperature of gas
YV = volumne cecupicd by the gas
n = Numbers of moles of gas

R = Universal gas constant.

In general gases do not cxhibit ideal behaviour, The reasons for the deviation from ideal

hchavior can be summarized as follows:-

a) (Gas molecules accupy a finite voiunie.
by Intermolecular forces are exerted between the molecules.

¢} Molecular collisions are never perfecuy elastic,

The deviation from ideal behaviour 1s greater for heavier gases because of the larger size
of their molecules. To corrcet the non-ideality, the simplest equation of state uses a
correction factor known as the compressibility factor, z: Then the cquation of state for

real gas become

PV =nZRT



The Z-factor can (herefore be considered as being the ratio of the volume occupied by a
real gas to the volume occupied by il under the same pressure and temperature conditions

if it were 1deal. This is the most widely used real gas equalion of slate

The major hmitation is that the gas deviation factor, z, is not constant. This formula is
very unporlant for gas Mow caleulation especially for Turbine Meter, Rotary Meter, &

Draphragm displacement Meler.

2.2 Measurement Quality

A measurement system 1s an information sysiem thal presenis an observer with a
numerical value comresponding to the vanable bemg measured A given element may
contain four Lypes of elemenls sensing, signal condilioning, signal processing and data
nresentation ¢lements. These slements are now bnefly descnbed as presented wn Gas
llow Measurement, Quality and Control by GASCOR Consulting International Ausiralia
{Rcforence — 9).

2.2.1 Sensing Element

This 15 111 contact with the process and gives an output that depends m some way on the
variable to be mecasured. An cxample of a scnsing clement wonld be an orifice plate

where the differentials pressurc value is a function of low rate.

2.2.2 Signal Conditioning Element

This Lakes the outpul of the sensing elemenl and converts 11 nio a form more suilable for

further processimg, usually a D.C voltage, current or frequency signal



2 2.3 Signal Processing Element

This takes the output of the condiioning clement and eonvers it into a form more
suitable for presentation. An example would be an analosue to digital converter, which

converts a voltage into a signal form for input into a computer.

2.2.4 Data Presentation Unir

This presents thc mecasured value in a form, which can be easily recognized by the
ohserver. An example would be a visual display unit. Each of these elements has certatn '
characteristics (hat can affect the overall perfonnance of the system. These charactensiics
can be classified into systematic and statistical characteristics. The systematic
characteristics are those that can be quantified such as range, span, linearity, non-
linearity, sensitive, environmental cffcets, hiysteresis, resolution. wear any aging and error
band. The statistical characteristics are the varations seen over a period of time for a
single element with a constant mput For many observations in output. some spread of
results around un expeeted value termed a lock of repeatability in the element. A number

of terms have been introduced, and some basic definitions of these terms are now given.

2.2.4.1 Repealability

Repeatahility is the ability of an element to give the same outpul for the same inpul. Lack

of repeatability is due to random c[tects in the element and its environment.

2.2.42 Range

The input and cutput of an clement is specified by the minimum and maximum values
that ean he sustained. For example a pressure transmilter may have an input range of 0 to

2000 psia and an output of 4 — 20 mA.



il

2.2.4.3 5pan

Span is the maximum variation in input an output thercfore the span for the pressure

transmitter example would be

Input Span: 2000 psia — 0 = 200{} psia
Cutput Span: 20 mA -4 mA = 16 mA.

2.2.4 4 Linearity

An clement is said to be hinear if comresponding valucs of input and output lie In a straight

linc. The ideal straight hine conpeets the minimum points to the maximum points,

2.2 4.5 Scnsitivity

This 15 the rate of change of output with respect to input

2.2.4.6 BEnvirorunental BEffects

In general, the output of an element depends not only on the signal 1nput but alse on a
number of envirorunental inputs such as atmospheric pressure, supply voltage, ambien!
temperature and relative hummdity. These elements tend to have varying influences on

measuring slenients.

2.2.4.7 Hysteresis

For a given value of input, the outpul may be different depending on whether the inpal 13
imcreasing or decreasing. The diflerence between these two values of outpul for a given

mpul 1s termed the hysteresis for the value.

10



2.2.4 8 Resolulion

Some elements are charactenzed by the oulput increasing in a scrics of discrete steps or
jumIps m respense to a conlinuous nerease in input. Resolution is defined as the largest

change 1 nput that can occur without any corresponding change m outpul.

2.2.4.5 Wear And Agemg

These eilects can causc the charactoristics of an element to change slowly bt

systematically throughout its life.

2.2.4.10 Error Bands

Non-limeanly, hysteresis and resolution cffects in many modem sensors and transducers
are so small that it is difficult and not worlhwhile to exactly quantily each individual
effect. In these case the manufaciurer defines the performance ol the element in terms of

errcr bands.

2.2.4.11 Reproducibility

Reproducibility is the closeness of (he agreement belween the resulls of measurements of

the same measurand carmed oul under changed conditions of measurement.

The changed conditions may include

- Principle of measuremend
- Method of measurement
- Obscrver

- Measuring instrument

- Reference standard

- Location

- Conditions of usc and

- Time.

11



2.2 412 Accuracy Qf Measurcment

The quality of a measurement is termed the accuracy, which is the closepess of ihe

agreemenl between the results of a measurcment and a true value of the measurand.
Flow ineters can have accuracy slalements expressed as

a) Percent ol actual flow rate
by Percent of full scale flow

¢) Percent of maximun differential pressure

The equation for each 13

Flow Uncerlainiy
a} Percentage of Rate aceuracy ==+ x 100

Instantancous Flow rate

This statement applies o turhine meters, pulsed D.C magnctic meters, conelis melers,
voriex meters, {low inteprators and some special meters or instruments thal have

loganithmic flow scale characteristics.

Flow Uncerlainty
Full scale Flow rate

x 100

by Percentage of Full scale accuracy =%

This type of statement of accuracy is most suited to deseribing primary melers such as
rola-meters, A.C — exeited magnetic {low melers, and components such as linear flow
recorders, square root cxtractors and lincar transmitters.

. dp Uncertaint
¢) Pereentage maximum dp accuracy ==+ P ! x 100

maximum dp

This type of accuracy stalement uwsually applies to the differential pressurc flow

transmitlers and recorders having square root graduations on the chart or scalc.

Accuracy slalements of percent of aetnal flow rate mean that the measurement

uncertainty 1s within the given percent value within the stated range for the flow

12



meter. All other lypes ol statements mean there is a fixed quantily of uncertainty in

the measurcment regardless of the flow range.

2.2.413 Error O Measurcment

This is the result of a measurement minus a true valuc of the measurand.

2.2.4.14 Uncertainty of Measurement

This is the parameter associated with the resull of a measurement that characterizes the

dispersion of the values that could reasonably be atichuted to the measurand.

2.3 Commercial Gas Measurement

The most common measurcment of larpe volumes of Gas is passing 1t through a meter. In
this chapler a discussion arc carried on various Gas Meters, its working pnneiple,
advantage and disadvantage. And these are quoted from “Gas Flow Measurcment,

{uality Control” by GASCOR Cousulting Internzalional, Austraha (Relerence - 9}

2.3.f Meter Type
The following bypes of meters may accomplish gas flow measurement: -

13 Differential pressure measurement — Orifice, Yentun and noxzle meter.
2) Positive displacemnent - Diaphragm meter.

3} Rotary inferential —-Rotary meter, Turhine meter.

43 Fluid oscillatory — Yorlex Shedding, Swirl meter.

5) Electromagnetic — Magnetic flow meter.

6) Ultrasonic - Doppler flow meter.

13



7) Dhrect mass — Coriolis mass [low meter.

8} Thermal - Thermal profile (low meter.

2.3.2 Meater Selection

There is no universal meter; each type has given limitations. Some meters may only be
5 YT

uscful for specific applications, where as others can be widcly adopted. It is important not

only fiom a mecasurement requirements, but also from econoniic, supply, security, safely

and even customer confidence, that the correet meler is sefccted for the given applicalion.

Certain parameters must be tesled against lo ensure the meter selection i5 oplimal. Some

of these paramelers are:-

a)
)
€)
d}
£}
)
g)
I}

i)

Masimum and minimum flow rate

The extremes of pressure and temperature at measurcment conditions
The ranges ol chemical and physical properties of the fluid

Duration of operation of the meter (continuous, or intermittently)

The consequences of the gas flow bewng stopped by meter malfunction
Available space for the installation of such meters

The econwmic consequence of uncerlaintics in the measurement

The legal mctrology requircments

{Cost ¢ffectivenecss of the meter.

At present TGTDCL uses the following types of gas mcters

1) Diaphragm Displacement Meters.
27 Rotary Thsplacement Meters.

3} Turbinc Meters.

4) Cnhce Mcter.

The commercial gas sules and cusiomer are interested in both accurate and quality

measurement. A commercial contract will state the units of measurement in Impenal or

Metric system and the base temperatures and pressures that are 1o be used 1n the

14



calculabons. The conlact will also retale the pnce 1o the quahily of the gus and ihe heatimg
value. Tn this chapter a bricl discussion ol the above mentioned lour types meter would

be discussed.

2.3.4 Fositive Displacement meter

Positive displacement meiers are used [or measurement of gas. This class of meter
measures lotal fowing volumes by repealedly (illing and discharging [ixed volumes.
Many dilTerent designs are available, however they are divided into three broad classes.
In the first class is the mcter in which onc wall is of a flexible material that moves to
displace the volumne with no leakage into another chamber. An example of thos type 15 the
diaphragm mester. In the second class are meters in wlich a mechamcal seal 15 wsed
between movable aud stationary walls. The rotary meter 15 an example of (s class. The
third class employs g capillary element, an example being the capillary seal meter used

for hquid measurement

2 3 3 Diaphragm Displacement Meter

The most common exampls of (s meter 15 the domeslic gas mater. These meters are
produced with a G — raling range from G — 1.6 1o G — 10 wilh operating pressure 0.4 bars.
And s 15 the most widely vsed posilive displacement meter for gas applications. The
operation of this meter 15 simple and proven, having been in service for over 100 vears. In
this typc of meter there arc two chambers altemately [l] and empty, with slide valves at
the top of the meters controlling the flow to the chambers as shown in Figure - 2.1, The
gas volums 15 oblained through a mechanical limkage mechanism, which conmects the
diaphragm motion to the mechanical readout systern, where the number of displacemenis
are counted. Mechanical reliability is very high. In TGTDCL system this type of meter is
being used over 30 vears. Due to their production in large quantitics they are incxpensive
o purchase. The positive displacement mcter can also be used for commercizal and small
industrial applications, however they are used for low to medium flow rates end are

limited io low pressurg,

13



2.3.5.1 Advantages

Iy Checap.

2y Well tried and proven.
3y High rehability.

4} Very good rangeabihiy.

2.3.5.2 Disadvantage

17 Malfunction will slop flow.

2Y Low-pressure operalion.

3y Bulky for large volume flows.

4} Pulsaliens introduced mto the fAow.

5} Vary easy for gas pilferage by making a lcak or hole into the diaphragm..

2.3.6 Kotory Meter

This type of meter consists ol two oppositcly rotating impellers, whicl are the measuring
mechanism as shown in Figure 2.2, The volume of gas is directly related 1o the number of
revolutions ol the impeller shafis. Good rangeability can be obtamed for the motary meter.,
These meters are compact and reliable, however since the opcration depends on
maintaining proper clearance between the impellers and the case, they can be suscepuble
to siress and if a malfunction occurs, then the gas Mow could be stopped. The rotary
meter is limited at high pressure. Therefore this meter although an cxecllent performance

15 nol regarded as appropriate (or large capacity, high pressure metering of natural gas.

2.3.4.1 Advantages

17 Good ranpe abiliby.
21} Compact desim
3 Good accuracy.

4) Insensitive Lo upstream flow conditions.

16
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Figure 2.1: Diaphragm Meter (Courlesy GASCOR Consulling Intemnational, Australia)

Figure 2.2: Rotary Meter {Courtesy GASCOR Consulting I_nlcmalional, Australia) 17



2.3.7 Turbine Type Gax Meter

Turbine type gas meters have been manufactured since the early mneteen hundreds. Since
garly fi{hes these meters have been considered favourably for the measurement of large
volume gas fiow The designs have proved receivable, accurate and repeatable. As well
as being uscd as the primary measurcment slandard, axial flow gas turbine meters are

increasingly being used as calibration and reference meter.

2.3.7.1 Working Principle

T'wo basic assumptions relate to the operation of the turbine meter and these are shown in

Figure - 2.5,

1) The angular velocity of the rotor is properlional to the volumelne Mow rate

passing through the meter.

2) The pulse ontput lrequency of the pick-up is proportional to angular veloeity of

the rotor,
The axial flow gas turbine meter comprised three main components:-

a) The body through which the gas passes.
b} A rotor wilh bearings and supporling stnicture,

c} A device to transfer the internal revolutions of the rotor to an extemnal counter.

Gas [lowing through the meter impinges on turbine blades located centrally along the
axis of the unit. Turbine blades are free to rotate, and do so in a manner directly

proportonal 1o the velocity of the gas passing the biades.

The aren of the rotor face as defined by the mean radius of the rotor can be determined.
Permanent magnets installed in the hub of the rotor, tum with the rotor to produce a
magnetic [eld, which passes through a coill. As each of the magnels pass the coil a
separate and distinel voltage pulse 13 created. The fequency of these pulses is

proportional to the velocity of the rotor is also proportional to the flow rate. Each pulse is
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The man parts of the G - 75 turkine gas meter are:
1. Meter body
2. Measuring mechamsm and turbine wheel
2. tan:Lt flow conditioner
4. Mechanical drive and magnetic coupling to transmit turbing wheel

rotation autside the pressure vessel
5. Mechanical counter for registering the volume measured
6. Oil lubrication system for the turbing wheel shaft bearings ‘o

Figure 2.3: Turbine Meter (Courlesy Instromet Intemational, N.V. Belgium)




also proportional to a small unit of volume. The pulscs, the eficetive tlow rate and total
flow are transmitled by frequency and by counting the pulses. The output frequency has
been conditioned into a square wave through a preamplifier. This conditioning allows 1t
to be transfered to a remote flow computer. Each pulse represents enly a small
meremental volume of Aow Since the lurbine meter measures volume at ling conditions,

the gas laws can be applicd to change the register volume to base conditions.

2.3.7.2 Gas Coleulation
The basic gas law relabonship s expressed as follows:

PiVr=ZMNRT; for following conditions
PV = 2. NR T, For basc condilions.

Where,

P = Absolute pressure of gas.

V =Volume of gas.

Z = Compressibility {actor ol gas.

N = Numbcr of molcs of gas.

T = Absolute temperature of gas.

R = Universal gas constant.

= subscript at following cendition ol pas.

v = subscnipt at base condition of gas.

Since R is a constant for the gas repardless of pressurcs and temperamre, and for the

sume number of moles of gas N. the two equations can be combined to yield.

1

1"."'H\ = Vr‘. Fpm . F]Jb . th . Fﬂ-, . S
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Where,

Ve = Yolume at base conditions.
Vi= Volume at flowing conditions.
Fum= Pressure lactor.

Fyiv= Prcssurc basc factor.

liz= Flowing temperature factor.
Iy =Temperature base factor.

5 = Compressibility ratio.

Likewise, [low rate () = VAL

Where,

{J; = Flow rate at flowng conditions

Vi = Volume imexd al flowing conditioms.
1
= Total pulses * —.
K

where,

K = Pulses per volume.

t = time.

2.3.7.3 Application

The turbine meter 15 basically recommended for applications mvolving the measurement
ol clecan pases. However, il can have limiled applications {or difly gases. Turbine meters
generally come in sizes ranging from nominal diameters of 50 mun to 600 mun, although
larger stzes can exisl. Operating temperature ranges are generally within the range of —10
" to +350 % €. Some of the manufacturcs will provide meters with extended temperamure

ranges. Operating pressure ranges from 14.4 bar to 80 bars.

A number of factors musl be considered when sizing 3 wurbine meter for a gven
applicalion. Turbme nielers are sensilive to both gas viscosity and inlel flow profile. With

the actial magnitude of the resulting degradation being a complex function of body
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geometty and blade shape. Generally the simaller meters are more viscosity sensitive, amd
they also do not have the rangeability ol the larger meters, cven in low viscosity gas. This
is due to bearing friction being proportionally higher since the bearing diameter is large
compared to pipe diameter. It 13 usually good practice to have an appropnale upsiream

Mow condibioner installed with a turbine meter sysiem

2.3.7.4 Advantage
The advantages of a Turbine meter flow measurcment system are:-

a) Excellent rangeability on gas at high pressure.

b) Malfunction will not cause gas [low to stop.

¢) Tresenis good accuracy over full lingar range of meter.

dy Elcctronic out put available dircetly at high resolutions.

e} Has good pressure and temperature operating capabilities.

it Has lecal metrology stalus for cusiody iransfer apphealions.

g} Cost of meter 15 medium, overall installation cost low (0 medium.
h) Bmall weight to capacity ratio.

1} Can be cahbrated for actual operating condbtions.

2.3.7.5 Disadvantape

a) Viscosity effects liquid meters may require separate calibration curves for different
viscosity.
b} Scnsitive to upstreamn MNow prohles

¢} Calibration can be cxpensive.

22



2.3.8 The Orifice Meter

Onfice Metenng 18 the most common form of gas metering used throughout the world for
the accounting of large volumes of natural gas. It is also used for ihe measurement of

liquid.

Based on the dificrential pressure method, the rate of flow 15 compuled on the basis of
long established physical principles. The common equation used for determining the total

flow velume being based on the current AGA or ISO Standard.

The orifice plate meter 15 classified as a differential pressurc meter. There are a number
of types of Mow melers, with dilTerent shapes and sizes, which fit into ths category of
infermug flow rale from the pressurc drop across a restriction. An Orifice plate Now
meter system consists of three diserete components the meter tube, ihe orifice assembly,
and the dilferential pressurc gange. The meter hibe and orifice assembly are considered to
be the primary clement and (he differential pressure, pressure and temperalure gange or

recorder are being referred to as secondary element.

2.3.8.1 Meter Tubc

The meter tube is an imporant component and contributes greatly to the overall aceuracy
of the pnmary element There 15 a downstream scction and an upstream section. The tube

must be specially sclected for dimensional accuracy and for concentncity.

To determing the length of the meter tubes four aspects must be considered:-

a) Maximum beta raiio (B), which is numencally orifice diameter divided by pipe
diameter.

b)Y Positon of the pressure laps.

¢} Usc ol straightcning vancs.

d) Upatrcam fittings.
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fice Meler {Couresy Daniel Senior Orilice Meter, LL5.AD

2.4 On
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The AGA roport no. 3 provides tables to enables selection of the correct length to be
made. 1t can be seen that the installaiion of siraightening vancs considerably reduces the
length of straight pipe required upstream of the orifice plate. The function of the vanes is
o ehminale the ellecct of swirl and crosscurrent caused by pipefiftings and valves

preceding the meter tube.

2.3.8.2 Onhce Assembly

There are two main types of onfice assembly. These are doublec chamber and single
chamber. Both types of assembly can be supplied with langes cach side. or with a flange

on the downstream end and a weld preparation on the upstrean inlet side.

a) Single Chamber

Single chamber confice assemblies, sometimes referred to, as dead line types
require the flow to be stopped and the pipeline depressunczed befure the orilice

plate can be removed.

b} Double Chamher

Double or dual chamber onfice assembly allows the removal of the orilice plate
without the necessity to stop the flow or depressurize the pipeline These
assemblies save the need for costly bypass piping and valves, and Annabel one

person to remove and replace an onfice plate n a relatively short time,

2.3.8.3 Orifice Plate

The orifice plate, possibly the most important component of the primary element 15 also
very expensive. Care must be taken in desigmng machining. handhng, slonmg and

mstalling the onfice plate.
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Usually the enfice plate is manufactured from the stainless steel plate. Carc is taken
during machining to prevent the formatwon of stresses, which could cause bowmg. The
plates arc [inished after machining, and nspected to confirm the square edge on the bore
remains sharp and burr frec. Orifice plate scaling units are molded n a wvariety of

synlhelic rubber mmaternals.

2.3.8.6 Pressurs Taps

Pressure taps may bc positioncd in cither the [lange or the pipe. Flange taps are

pasitioned 17 fram the upstream and downstream faces of the onihice plate.

2.3.8.7 (zas Calculation

(as [low ratc ol a square edge onfice plale can be calculated as

(, =F, (Fc + Fsa’)?’l F;abEaEEng;F P,.r:‘iiw

I
Fi. = Numen¢ conversion factor.

ColFr) = (Fc + Far) = Flange — tapped orifice meter co-ellcient of

dischargze.

i = Expansion faclor,

Fr, = Pressure base factor.

Fy, = Tempeorature base faclor.
Fy+ = Flowing temperahire factor.
F.r = Sp. Gravity factor.

Fee = compressibility factor.

F, = 338.196 Ey D*p?
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Where,

d = onfAce diameter

[ = pipe mmtemnal drameter

Cy(F1) = (F¢ + Fg) = 0,60 approx.

7, :1[(}.41 +ﬂ.35ﬂ“[%n

— h""'
' 27707 p,
14.73
F o=
® B
T,
F,=—
il 52{}
[ os20
T V4604 T,

H 17 z
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The onlice platc meters relies on the primeiple of when a fluid s flowing a closed
medium {a pipe) and encouniers a restriction, a pressure drop 1s developed. This pressure
drop is related to the Mow rate of the fluid. By measunng the differential pressure across
the orifice plate {upstream and downstream of the plate} and the condition at which the
orifice 15 bewng used, then this pressure differeniial can be translated into a volome NMow
rale according to the formula that was discussed carlier. Accurate measurement is
definitely possible with this bype of [low meter, if malfunctions oceur the flow of gas will
not be stopped. Orifice meters are not limited by high pressurc or high low so they can
therefore he considered for high Oow, high pressure gas metering. Naturally the correct

selection of orifice plate type is imporiani.

The rangeability of a single orifice mcter is about 3:1. By using a series of diffcrential
element read out device this can be raise to 9:1. Rangeabibty 1s the term used with meters
10 express the [ow ranpc over which a meter operales whilst continuing to meet a given
accuracy tolerance. The rangeability can also be expressed as “turndown’, which 15 a ratio
of the maximum Tow divided by the mummum [low, again over a given ACCUraCy

lolerance.

While ihere s much progress in flow metering, the onfice plaie meter is still in wide use
owing to its robustness and simplicity. This 1s particularly the casc in North Amenca.
There is no doubt that a cominbuting factor to the continucd popularity of the onfice plate
i3 the ‘comforl factor” it gives, that is it is a tned, proven and rcasonably diverse [low

neter,

Although the orifice plate does not normally require calibration, the i Merential pressure
transmitter does require regular verilication if the best standards of accuracy are to be

maintmned.

The orifice plate has been used for flow measurement applications for about 100 years;
therefore considerable data has been eollected on its performance and apphcatiens. A
number of varianis have becn developed where the profile of the plate and the location of

the differential taps can be significantly different. The orifice plate meter is designed for
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uni-directonal flow, Should reverse flow occur, or the plate installed m reverss, a

suhstantial flow error in the order of — 20% may be occurred

Imporant features of the plate arc the requirements for, a sharp square upstreain edge,
that the plate itself having sufficient thickness to withstand the expected [ow
charactenstics and have a beveled downstream edye for apphications where a ihin plate
can he used, the downstream bevel requirement may not be possible. There arc generally

three types of pressure taps uscd, being comer, [lange and pipe.

The discussion so far has been centersd on most common types of low meters used
umversally on natural gas transmission systems and within process planl. OFf course the
muost common gas meter by far 1s the Diaphragm or posilive displacement meler, as used
for domesiic gas meters and small commertial and industrial application. Thas type of
meter 15 tobusl, cheap and has good rangeabibily, however il has hoted high-pressure
capahlily and 15 not available with high capacities. It s hikely the onfice plate meter and
turbine meter will maintain their status for some fime. The onhce plale meter 1s slowly

yiclding to the turbine meter and the more recently introduced non-intrusive meters.

Although a varicty of alternative volume metering systems are available, only probably
ane is mounting 3 serious challenge 1o these estabhshed gas Mow meters. This meter is
the ultrasome meter, however 1t should be acknowledge that the vortex meter has also
cained subslantial populanty m some countnies, but not universally There is still
considerahle effort, parlicularly in North Amenca and Eurepe, being devoted to the better
understanding ol the enfice plale and lurthne meter, ncluding enhancement in

traceatbty chamns and calibration procedures.

2.4 Standards

Standards contain a wvast storc of human knowledge; which are a product of past
experience and present knowledge and a guide (or the future. Stundurds can cover many

aspects, such as how an article 15 made, the charactenstics of the raw materials the
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product 18 made from, or how an instrument is applicd and calibrated. Within flow
measurement, standards arc commonly used and or referenced in test procedures, 1n the
specification of instruments, and for primary calibrations. The qualiy of gas delivered o
customers is referenced to an appropriate slandard. Many standards that are used are
internationally applied and recogmzed. Principles of standards related to measurements
standargd 15 guoled fom Gas Flow Measurement, Quality and Centrol by GASCOR

Consulting Intemational, Australia (Reference — 8},

2.4.1 Principle And Features Of Standard

The standard terminology will identify the prmeiple and features of the device and the
type and cffors on the performance. The standard will descobe the test procedures used
to determine the magnitude of the environmental, appheation, and instailation effects, and
it will enable the potential user 1o understand the application limits listed by the supplier.
It will describe the mechanical and elecirical interfaces that need to be meet. Ceriification

will ensure the performance; it assisis with dealing with new vendors.

Standards enable purchasing from moalti-sources. By comparing the hterature from
several compeltors, using ihe standard as refcrences, the user can select between
inlerchangeable devices, Standards minimize training of persaimmel. With common
termnelogy and lest procedures, the instrmments people will have an easier job shilting
from manufacturer to another and using the next generation devices to obtain more usctnl
features. Standards enable updating system parts with adsancing lechnologics. With
common termmnology and standard mierfaces, the newer deviecs or system parls will be

undersiood more easily and with less training requircments.

Standards enable lower system and product costs. The process of writing the standard by
many experts will standardize on more common designs and avoid the proliferaticn found
in a disorganized market when cach supplicr uses his own way to descnibe preducts and
iherr features. Produet manulacturers will find a need for fower product variations and

thus. lower working cost, better delivery, and lewer special designs.
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Standards give gwdance for application and mstallation w0 achieve the performance
required. For mature technologics standards can state the effecls will be on accuracy due
to variations of application, and installation conditions. For new technologies they will
refer the user to the manufacturer with specified test procedurcs, Instmctions and
precaulions are given to enable the user to obtain the performance needed for a particular

application.

Standards provide instructions so that the flow meter may be tested. The test procedures
and a st of envircrunental and mstallation conditions will enable the user to test the
performance under expected application conditions or have a third party testing

laboratory peelorm the testing.

Standards provide the precautions for the safety of pcople and protection of equipment
under hazardous conditions. Siandards will provide desism requirements and test
procedures 1o establish the maximun mtemal pressure/temperature that the device will
salely withstand, They will specify the designs and test procedures governing installation

n harardous locations and the definitions of various classes of hazardous locations.

Some standards describe information the manufacturer should be prepared to supply.
some of which may be mandatory. Some standards require specific information on labels
(such as flow dircetion, material of construchion, elc.) and for the manufacturer to be
prepared to answer uscr questions regarding effects of environmental vanations (such as
corrosive atmospheres, vibration, motion ete). Some provide guidance instruction manual
{such as installation and troubleshooting insiructions). Some standards will include a list
of the information that a manulacturer can expect users to reguest. Standards ensure

mterchangeability and compatiblity.

2.4.2 Standards Related To Flow Measurement

Sigmficant development has been made over the past couple of decades with respect lo
flow measurement The impact of imicroelectronics has been dramatic, @nd no doubt

many further advances are yet 10 come. Materials enhancement has also significantly
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assisted in the determination of more accurate flow measurement, especially with the

glimination of some temperature and pressure constraints,

One problem that has developed through the rapid intraduction of new technology is the
delay in the generation ol adequate standards and codes of practice. Unforlunately

standards can take many years to develop and verilfy, especially international standards.

A number of standards exist for the established flow meters such as the onlice plate,
posiive displacement and turbine meter. However useable and umiversal standards are
still either wn dralt form, or do nol exist for the newer type meters such as ultrasonic and
conohs, Fven meters thal have been in service for a number of years siill may not have
an agreed nternational standard applicable lo them. Therelore i(his seclion will
concentrate on exisbng standards, which are readily available and applicable to the
orificc platc and to the ISO standard pertaimng o gas quality, T 1s importani that
personnct cngaged in low measurement activities have some appreciation of relevant
standards. Discussion will be limited to the following standards, (Table — 2,13 all of

which are widely referenced and applicd with in gas industry.

Slandards tend to be derived from the many US organizations, as listed, or arc of
Evropean origin. Within the European sphere, the International Organization of Legal
Metrology {OIML) looks at training and legal aspecis of Now measurement and produces
‘recommendations’. As Intcrnational Standard Orgamzation (IS0O) membership 18 made
up of represcntation rom many counines, 1t can clam to be the official internaticnal

organizatian.

Study of standard related o gas flow measurement is important for accurate
measurcment. The standard should follow accurately and fully to achieve goal in

measurement and safety purposes.
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Table — 03: Slandard Relating to lnstallation, Operation, Measurement

AGH -3 Orificc Metering of Natural Gas

AGA -5 liuel Gas Energy Melenng

AGA-—T Turbine Mctering of Natural Gas

AGANX-19 Compressibility of Nalural (3as

AGA -8 Compressibility of Natural Gas

ISO - 5167 QOrifice Mctering of Natural Gas

150 - 6976 Calculation of Densily, Relative Density and calorific Value

[5G -995]

Turbime Melenng of Natural Gas

150 - 5168 Uncerlainties ol the Flow Measurement

AGA PART-H Desigm O Mcter and Repulator Station

OIML R-6 General Provision for Gas Volume Meler
OIML R-32 Rotary Piston Gas Melers and Turbine Mcters
1GETD-9 Recommendation for Transmission System
TGETD-10 Recommendation for Distmbution Sysiem.
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CHAPTER - 3

STATEMENT OF THE PROBLEM

Titas Gas Transmission and Distribution Company Limuted (TGTDCL) 18 a Public
Limited (zas Marketing Company, which works under Bangladesh (il Gas and Mineral
Corporation (BGOMC) or Petrobangla and the Ministry of Energy and Mincral Resourec,
Bangladesh. Tt purchases gas from Bangladesh Gas Field Company Ltd. {(BGFCL) and
Sylhet Gas Field Company Limated (SGFCL). This gas is then transmirtted through the
company’s own and Gas Transmission Co, Lid’s (GTCL) Transimission lines to various
bulk customers such as power and fertihizer producing company and distnbutien network
ihrough vanous City Gate Station (CGS), Town Border Station (TBS), Dismct
Repulating Staton {(DRS) and Regulating and Metering Station (RMS) to industnal,

commereial and domestic users.

In marketing the gas, the company is now facing an acute problem, which is known as
systcm toss. Tt is thal portion of gas purchascd, which is not accounted for by sales,
transfcr and company uses or otherwise accounted for. At present the net system loss is
about 9% In some areas hke Naravanganj this figurc is ncar aboul 50%. The present
level of system loss causc a revenue loss of Taka 200 crores per year and most of the
losscs are due Lo pilferage of gas by dishonest customers in collation with the dishonest
officiats of TGTDCL. For the progress of our pational development, this nceds urgent

reduction to an acceptable limit.

3.1 Objective Of The Study

The main objective of this study is to identily measures in reducing the system loss. In

domg this there arc several ohjectives in terms of analysis. These are: -

1} To define the problem.
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) To study the background and present status of the problem.
3y To classily the system loss,

4) To classily the gas uscrs.

3.2 Analysis Of The problem

13 To analyze the TGTDCL transmission and distribution network:.

2} To analyzc the contributing factors related o sysiem loss lor a gas transmission

gysient.

3) To analyze the conlributing (actors related to systeni loss for a gas disinibution

system.

3.3 Study

1) To study the system Ioss — A case study (yesar 2002-2003).

2} To siudy the measuremenl uncertainty in a gas calculation procedure — A case

study.

3) To study the existing metering system of TGTDCL.

3.4 Ideniification

1} 'to identify some special problem of TGTDCL gas transmission system regarding

system loss.

2} To identify some special problem of TGTDCL gas sales/distribution system

regarding system loss.
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3.5 Action Programme

1} To study the action program o reduce system loss by TGTDCL.
2) To study the cxtended actlion programnie to reduce sysiem loss by TGTDCL.
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CHAPTER - 4

SYSTEM LOSS

To study the sysiem loss of Titas Gas Transmission and Distribution Ca. Ttd. {TGTDCL)
it 15 very imporant to define the tenns in respect to TGTDCL system and this definition
should be consistent with the Gas Engmeenng. In this chapter, definition of system loss 15
garried out with respeet to TGTDCL system. Also an inlemalionally accepted formula to
calculate system loss is introduced in this chapter to make a companson with the

presently used [ormula.

4.1 Definition Of System Loss

Syslem loss also called Unaccounted For (Gas abbreviated as UFG of gas transmission
and distnbulien system. This 15 the difference between the net purchase or throughput to
the total sales. Net throughput can be wnilen as the total purchase minus own operational

us¢ of the system. In TGTDCL system, UFG are equated as,

UFG = net throughput — total sales.

Nzt throughput = Purchase — Operational uses of the system,
But internationally the recommended formula for UFG can be wnitlen as,

+  Unascounted For Gas (UFG) = Gas [low in — Gas flow out - Gas used/vented/lost £

change in linc pack £ mcasurement uncertainty,

The wuts of caleulation for the above shall be ‘thousand (M) or million (MM} standard

cubic meter (SCM) as may seem convenient lor caleulation/prescntation.

The system loss or UFG shall be gencrally referred and reporied on yearly basis for
accounting purposc. Operational, moniloring and periodic reviews by all concerned may

however be done on monihly, quarierly or half yearly basis as required. Somne calculation
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forms for this purpose are atlached herewith (Appendix — A). To realize the system loss,
it is important te define the term properly. 1f the system loss can be define properly then

it will be easy to identify all sort of system loss.

4,2 Classification Of System Loss

System loss 1 a gas (ransmission and distribution system may arise out of two principals
sources I) lechmcal or operatienal factors and IT) various non-technical factors Much of
ihe technical or operational factors of losses arc inevitable and the level of the same
depends on such things as conditions of physical facilities, methods of operation, and
qualily of gas handle, skill ness of the operating pecople, clhimatic/environmental
conditions and so forih. The other losses arising out of non-technical sources can be
many and vanied in naturc and ofien have a direct bearing on social enviromment of
operation. Looked from the above point of view the system loss in TG IDCL system may

be ¢lassificd as follows -

4.2 1 Techuical Losses

a} Transmission losses due to such factors as pigging, purging, testing, venting, relicf
blowing, commissioning, leakage, base condition wariation m fow volume

calculation and condensate accurmulation ele.

b} Distribution losses are due (o such [actors as above and network leakage, scrvice line

leakage, customer internal line lcakage, metering loss, base condition variation etc.

¢) DBulk metering loss 10 gas recelving and major delivery points such as gas ficlds, pipe

lines tie-ins, power station, lertilizer plants ete.

d) Non-bulk metering loss in delivery pomnls 1o industrial commercial and domestic

CONSWTICES,
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4.2 2 Non-Technical Losses

Pilferage of gas by customcers through various illegal means including but not limited 10
meter bypassing, meter tampering, regulator tarmpering, unauthonzed connections, mghcr
pressure consumption, unauthorized use by disconnected customers, under-lling by
suppressed meter reading etc arc in this class. Other losses existing at present arc due o

improper [1at rate domestic tariff,

Non — teclmical losscs are the pilforage of gas by customers through various illegal

mcans including but not limited to the following:-

1} Meter by pass.
2} Meter tampering.
i) Slowing the index.
11) Reverse rotation of index.
1) Changed the gear train system.
iv) Changing the index.

v} Reversing meter mlel — outlet.

3) Regulator tunpering

4) Unauthorized connection,

5} lligher pressurc consuniption.

&) Unauthorized use by disconnected customer.
7} Unauthoned usc by the disputed customer.
8} Under billing by suppressed meter reading,

9y Improper domestic tariff rate.

Itent wise sharc of individual elements can be estimated. The overall system loss 38 a
malter of comprehensive study. Some efforts have already been given in this regard by
TG TDCL. Currently the ilem wisc contnbution of various faclors in the overall system
loss is cstimated as follows subject to more realistic 1dentification/analysis under the
aotivitics of Revised Time Bound Aclion Proeramime (RTAP)in this regand arc given in

Table — 4.1 and Table — 4.2,
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Table — 4.1; Technical (System/Operational) loss cslimated i year 1993

a) Transmisgion Loss Componcnt wise | Share of total
distnbution of UFG
total UFG
a.b | Pipging/purgingesting/venting/blowing/ 0.003%, 0.032%
commissioning
a.2? | Line packing 0.002% 0.021
a.3 | Leakage 0 001%, 0.011%
a4 | Mctering error at purchase poinf. ofl- 0.235% 2.511%
transmission DRS and Bulk RMSs
a.5 | Base condition variation 0.215% 2.297%
a.t | Condensation (0.034% 0.363%
Sub - Total = 0.490% 5.235%
b) hstnbution Loss Componenl wise | Share of total
distribution of UFG
lotal LJFG
b1 | Piggmg/purging/testing/venting/blowing/ 0.025% 0.267%
COmMMissionmg
b.2 | Line packing, 0.010% 0.108%
b.3 | Net work leakage 0. 100%, 1.068%
b4 | Service hne lcakage 0.025% (.0267%
b5 | Customer mternal line leakape (1.100% 1.068%
h.6t | Metening error at customer’s B 5s 0.400% 4.274%
b.7 | Set pressure vartalion 0.100% 1.068%
Total Technical loss: 1.250% 13.355%
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Table — 4.2: Technical {Svstem/Operational) loss estimated in year 1993

MNon-1eclnical losses 6.670% 72.61%

a. Pillcrage comprising:
Meter tampenng
Meler by pass
Unauthonzed extension from approved conneclion
Unauthorized new cotincetion
Unauthorized use by disconnected customers
Regulator tampering

Under billing by suppressed meler reading,

b, Loss due b incousistent flat rate tari fY base 1.440% 15.384%

Total non technical loss = 81105, R6.645%

Total UFG (technical + nen -technical) 9.360% 100.00%

It may be noled thal the igures given in Table — 4.1 and 4.2 are only estimated ones and
the estimated 9.36% of TUFG is net of company's gas input. The level of company’s own
use of gas was not erstwhile properly rmeconded bocansc in most locations necessary
facilities did not exist and the detail accounting was not also considered. But from now
onward TGTDCL is setling up all necessary facilihies as far as practicable to record the

comsumption of pas for company’s own operational uses.
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4.3 Background Of System Loss

Unaccounted For Gas (UFG). generally referred to as “system loss’. Tn Tias Gas
Transmission and Distribution Co. Ltd. (TGTDCL), system loss has increascd over the
last fow years to an alarming level From well below 1% in the FY — 1982-83, UFG
jumped to almost 2% in the FY — 1983-84 and to about 4% in the FY — 1984-85. The
increase in the gap between the gas purchase and sales by TGTDCL contmued and shot
up o a level of 8% n the following year 1985-86 The level remained in the range of 6 to
7% up to FY — 1991-92. From 6 to 7% increases 9.21% in FY ~ 1992-93, From 9.21%
system loss decreases to about 8% in the year 1993-94 and remain 8% till I'Y — 1998-99
amel 18 mmergases about 8.55% 1n FY - 1999-2000 and remnam near about constand tll FY —
2002-2003. The system losses for the 35 years lifetime of TGTDCL are shown m Table —

4.3. A bar graph (Figure — 4.1} and a curve (Figure — 4.2) are also shown in this respect.

The increase in the level of UFG naturally becomes a matter of great concern (or all who
arc involved in the gas sector management. The Government atached utmoest imporance
on the matter and directed Bangladesh Qil, Gas and Mineral Corporation {(BOGMC} or
Petrobangla and TGTDCL to take all ncecssary steps to control deterioration of the
situation. Ly a bid to asscss the real position, TGTDCL undedook nceessary steps lor the
identification of the factors responsible for the UFG increase and to find ways and means
for cffective reduction of the same. The first mayjor slep in is direction was the
submissien of a rcport to Petrobangla on the subjeet 1 February 1991, In August 1993
TGTDCL launched a time bound action programme o bong down the then level of UFG
T-8% to 2.8% within FY 1994.1995, which was known as Revised Time Bound Action
Progrommme (RTAP). Soen after the launching ot the RTAP elaborate activities were
imiliated 1 all areas of system operation and customers level, The activities yiclded
imtially posiive results and monthly system loss reduced to 6%. This improvement

however coutd not sustamed and UFG became @ raising concemn for the company.

Although major areas of gas losscs, resulted ultimately in revenue loss for the company,

only identification and estitnation of rc¢latve conlnbution of the individual fuclors are
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being made bui no vigorous action program could however be Jaunched 1n the past.
Routine activitics cominued which however falled to vield expected results and the

systemn loss of the company was over 8.35%,

TGTDCL has launched a number of multi dircetional activities m March 1993 with
intimation of Asian Development Bank (ADRB), thc major donor agency, under the
guidance of the Government and Petrobangla. These efforts have resulted in the
collection of sizeable usctul data and (ormulation of an elaborate action program that was
forwvmds to ADB and submitted concurrently o Petrobangla, ADB fact-finding missions
have meanwhile conducted nceessary reinvestrnent activilies for the proposed Third
Natural Gas Development Project {TNGDP) that which mcludes a number of system
development works [or TGTDCL.

The action program submitted carlicr by TGTDCL has been meanwhile discussed at
varous levels. The discussions on various items and sub items of the faclors respousible
for system loss 1 TGTDCL system suggest some modifications of the earher program.

The previous progran: has been accordingly revised and reschedufed.

4.4 Present Status of System Loss

At preseni the gross overall system loss is 8.28% and for non-bulk sector it is 24.08%, So
much activity arc nceded o inthiate in all areas of system opceration as well as customers
level. The activities include inspection and improvement of region wise input metering,
customer meler Inspection, meter testing, meter replacement, customer RMSs scaling,

disconnection, load increase slc,

The systen loss in terms of revenue loss for the company is substantial, In the context of
scarce domestic resource avalable for development of the sector, the loss on account of
this 1s by no mcans acceptable. Keeping in view the future invesiment needs in system
development and eperational improvement TGTDCL has lefi with no alternative other

than immedistely reducing the growing rate.
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Table — 4.3: Year wise overall system loss

Fiscal year (Gas purchase (Jas sales UFG ag percent ol Remark
purchase
1967-68 6.37 6.37 0.0% No loss
1968-69 2927 29.27 0.0% No loss
1969-70 89.62 58.20 1.48% Loss
1970-71 227.18 225,45 0.76% Loss
197172 118.65 115.98 2.25% Loss
1972-73 426.99 429.29 0.54% (Gain
1973-74 558.80 357.86 0.17% Loss
1974-75 292.26 294.57 {-3 0.79%, Gain
1975-76 57953 384.51 {-)01.86% Gain
1976-77 631.15 634,57 (-) 0.54% Gain
1977-78 649.62 632.07 {-)0.38%, Gain
1978-79 T71.849 77517 (-1 0.42% Cuin
1979-80 89617 B89.40) 0.75% Loss
1980-81 1603.72 084.40 1.9284 Loss
1981-82 1458.00 1429.43 1.96% Loss
1982-83 1619.16 1570.70 2.99% Loss
1983-84 1900.37 1828.15 3.80% Loss
1984-85 221692 212514 3.92% Lass
1985-86 2273.67 2137.24 6.00% Loss
1986-87 2688.12 2527.04 5.99% Loss
1987-88 2977 K8 2827732 5.05% Loss
1988-89 3171.63 2951.66 6.94% Loss
1989-90 347470 3235.00 6.88% Loss
1990-91 3667 .04 3439.67 6.25% Loss
1991-92 409232 3834.97 6.29% Loss
Contd.
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Contd. (Table 4.3)

[Miscal year | Gas purchase (3as sales UFG as percent of Remark
purchase
1992493 4742 () 429839 0.35% Toss
1993-04 4661.89 4316.71 T 40%, Loss
1994-93 4877.94 4403 31 T.59% Loss
1995-94 5280.57 4907 .59 7.06% Loss
1996-07 544751 4005 31 ®.23%, Loss
1997-98 5534.25 5123.67 7.42%, Loss
19LR-0Y 6106.15 5622.72 T.52% Loss
19599-010) 6658.01 609151 B.a0% Loss
2000-H 7188.673 6494 .82 09.65% Loss
2001-02 7565118 503,81 9.26% Loss
2002-03 7586 (88 6594.82 8.35% Loss
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4.5 Classification Of Gas Users

To study the systemn toss of Titas Gas Transmission and Distribution Company Litd.

(TGTIDCL), s very impotiani 1o know the types of gas users and their load patlern. Tias

also important 1o know the moral and etical value ol the customer and abality to pay gas

bill. In this chapter various types of customers will be classificd according to pressure,

flew rate and type of gas uscs.

4.5 T Domestric Customer

a} Used as a residence.

1.
2,
3.

Home/Building.

Residential building of Delense Department.

Residential quarters ol Bangladesh Rifles (BDR), Police, Ansger, and Village
defense parly.

Residenbial quarters of jail.

. Residential quarters of vanous departinent/Directorate Agencies.

b} Operated/used for non-commersial purposes;

= s

o ow o W

. Hostel, laboratories, Canteen of the educational institution.

Orphanage, lHospital, Guesthouse, Circuit house, Inspection Bangloo/Dac-
Bangloo.

Cantgen of jal, prisoner kitchen.

Canteen and Messes of Bangladesh Rifles, Police and Anser.

Government child home, graves, trusl, chanlable orgam zation.

Canteen and mess/kitchen of lahor adjacent to industry,

Personal owned mess.

Canteen of various offices.

All type of mess and canteen of defense department.
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4.5.2 Industrial Customer

Machinated small and coitage ndusines sitnated in Bangiadesh Smatl and Cottage
Industries Corporation {BASIC) industrial state, machinated brick, refractory, sanitary,
clectric good and others commodity-producing industries, servicing center and g

industries are within his class.

4.5 3 Seasonal Customer

Those organizations do not use gas during the twelve-month of the year bul seasonal

hasis {less than six maonth) are within this class.

4.5.4 Tea-State Customer

Tealcaf drying proccasing and additional works (except generator load used for power

producing) £as using customers is within this class.

4.5.% Power Station Customer

Government and non-Government Powcer station that are using gas as a feedstock

for power production are within this class.

4.53.6 Ferttlizer Producing Customer

Grovermmeni and non-Govemment fertilizer factories, which are using gas as a feedstock

for fertilizer production, are within this class.

4.3.7 Captive Power Customer

Customer those who produce power by using gas with their own use are within this class.
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4.6 Rearrangement Of Customer Classes

To bring the consistency with the nalure and objective of the gas users customer classes

arc rearranged.
1. Non-Bulk Customer.

a) Domestic customer.

(i) Domestie metered.

fii} Domestic un-metered.

b} Commercial customer.
¢} Industrial customer.
d} Seasonal customer.

c} Tca-state customer

2. Bulk customer.

a} Power producimy cusiomer,
by Fedilizer producing customer.

c} Captive power producing customer,

4.6.1 Defimtion And Characteristics Of Various Tvpe OF Customer

Delinition and characteristics of various rypes ol customers are discussed below:-

a) Domestic customoer

House/Bulding used as a resident, FlavColonies of wvarious Government/Scmi
Government/Autonomous  orgamization and Hostel, Laboratories, Canteen, Hospital,
Mess, Child home, Hermitage, Tomb, Chantable orgamizaiion are within this class.

Domestic customer can be divided 1nlo (wo ¢lasses,
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(i)
(11)

Domestic metered.

Domestic unmetercd.

b Commereial Customer

Commercial organizations those are acting for trade and hundoperated/non machined

small and cottage industries, servicing centers are with in this class. A list of commneraal

customers arc given below -

s W

@ o

9.

{otel and Residential Hotel.

Shop/Factory, which are producing sweet.

Restaurant/Chinese Restaurant, Canteen and Tea-stall.

Chira/Mori producing faclory.

Privatc clinic/laboratory/Hospital.

Community Cenier.

Snakes/Cababghour.

Bakery! Confectionery’ Logences! Chanachure/ Shemaie/ Biscuit preducing
factones (Hand opcrated).

Shop/Totlery/Ceramic/Paint/Medicine producing factories {(Hand operated).

10, Dhstilled water/Dicing and Prinung/Laundry/Tannery/Shan  producing  factory

{Hand opcrated).

11.Iceflce cream producing factory (without machine).

¢} Industrial Customer

Small and Cottage industries situaled n BASIC industrial estate.

Machine operated factory installed personally or with the help of vanous moncy-

lending organizations like Shilpa Pondaptar, BASIC.

Large scale industry/factory/organization and hotel, which are using baeiler,

generator ¢ie,
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4, Factories, which are producing brick, tilcs, ceramic, refraclories, sanitary,

glecineal and others poods by machine.

5. Machine operated ice/ice-cream producing factories.

d} Seasonal Customer

1. Scasenal manual brick producing lactorics.
2. Seasonal tobacco leaf drying factory.

3. Seasonal sugar cane and fruit processing imdustrics.

¢} Tea-State Customer

1. Tea-statc those who use gas for lealeaf drying processing and related works

{cxecpt generator for power generation).

N Power (Generating Customer

Power station owned by Bangladesh Power Development Board and large scale any other

Government and non-Government cleetricity generating plants that are using natural gas.

oy Fertilizer Producing Customer

Government and Non-Government fertihizer producing [actorics that are using natural gas

as a feedstock.

hj Caplive Power Customer

Customers who are preducing power with their own use with gas generator using natural

gas as fucl.
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The number of s arious customers and their average daily use of gas arc shown in Tables

— 4.4 and 4.5. Tt is thought that the aclual numbers of customers arc higher than those arc

recorded. This is because no customer survey is conducied in the 35 years life of the

company. S0 to reduce system loss customer survey is very mmportant and for customer

survey classificalion of various customer is also an importanl 1SSUC.

Table — 4.4: Present Customers and Average Daily Sales (May 2003)

Sector Cusiomer Nos. Av{gf;i I;;Sig%alc % of Tsﬂa'i‘: Daly
1. Bulk Sector
1.1 Power 16 379 48.1%
1.2 Ferhibizer 4 145 18.4%
Sub Total: 20 524 66.5%
2. Non-bulk-sector
2.1 Damaestic BO1,432 89 11.3%
2.2 Commercial 7,413 8 1 0%
2.3 Tndustrial and 2,842_ 105 13.3%
Captive Power
62 7.9%
Sub-total: 001,687 264 33.5%
Total: - 788 100%
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Table — 4.5 Daily Scetor Wise Gas Input and Sales (May 2003 Averages)

seclor Avy, Daily (ias Avg Daily | Diff. Between | % Gross
Input (Operational) | Sale (Billed} Input and System Loss
{MMSCT) (MMSCE) Salc on Input
{(MMSCEF)
1. Bulk Scctoy
1.1 Power 179 370 . -

1.2 Fenilizer 146 143 l 0.07%

2. Nen-Bulk-sector 321 264 57 17.75%
Tolal: 8§46 788 38 6.85%
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CHAPTER -5

NETWORK ANALYSIS

Starting with the gas supply of Shidderganj 10 MW power station in 1968 a 14"D
transmission pipelme was built from Ghatura, Bralmmmonbaria to Demra City (ate
Station {CGS), Demra, Dhaka and a disiribution Pipeline was built mom Demra CGS. to
Shidderganj, Narayanganj, by (hc former Shell Pakistan Ltd. Which is now named as
Titas Cias Transmission and Distribution Co. Ltd. (TGTDCL), the biggest gas marketing
company of Bangladesh. This company is now marketing gas with a very widc network
that is from B-Baria to Ancha and from Munshiganj to Sherpur. The company supplies
pas to various bulk customers like power and fertilizer producer of Government sector,
Individual Power Producer {IPP) {hrough bulk RMS and industrial, commercial and
domestic customer through various Cily Gate Station (CGS), ‘Town Border Staticn

(TBS). Instrict Regulating Station (DRS), Regulating and Meteting Station {(RMS).

5,1 Transmission Network

These are those portions of the gas pipelines, which arc connected from source {(ias
ficld) to the various CGS, TBS and bulk RMS. In TGTDCL transmmission sysiem the
regulated pressutc is 1000 PSIG. These types of linc can be scen in the castern parl of the
TGTDCL network from Habiganj, B-Baria, Narsingdhi, Dhaka, Joydevpur and in greatcr
Mymensingh area. A table {Table — 5.1) regarding the diameter, length and capacity of
ihe transnussion pipelines arc attached in this respect. Also a diagram for the TGTDCL
network and [ranchise area is shown in Figures — 5.1 and 5.2, The company also uses
GTCL's transmmussion pipelines {Ashugan] — Elenga 24™Q inch and Bakhrabad — Demra
20"® mch) to feed some bulk customers and disinbution network. At present the gas
supply to transmission nelwork is msufficient. Every day shortage is ncar about 50

MMECTD. Duc to this shortage low pressure remains all over the {ransmission nerwork,
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5.1 1 Problems In Transmission Network

The transmission nctwork constructed early sevenlies became undersized in its capacity
in the contexi of the mercased gas demand in the residential, cormmercial and mdustrial
scctors. Unplanned expansion and modification of the transmission network INCTeascs

operational abnormalities. At present main problem of the transmission ncbworks arc:-

1} Inconsistent pressurc variation in the network.
2) Severe pressure drops in various part of the network.
3} Pressure drop during peak hours.

4) Intcrruption of gas flow to some location at the peak hour.

5.2 Distribution Network

Distribution pipeline starts from the outlet of a CGS, TBS, TBS curn DRS and ends te the
customer's premises. From the oullet of CGS, TBS or TBS cum DRS pas enters into the
distribulion network through the distribution main lines and ends to the inlet ol a DRS.
From the outlet of 4 DRS gas enters distribation lines, {eeder hines, branch lines amd
scrvice lines. A table {Table — 5.2) reparding the main distributions lines with diameter,
lenglh and capacily are attached in this respect. Through the distmbution network gas are
supplied to non-bulk customers, which are also subdivided into five arcas as described m

Tables — 5.3 ad 5.4

3.2.1 Problem Of Distribution Neowork

Tn 1970 ihe ity of Dhaka had a population of aboul onc million and the network was
designed on this population with a forecasting of population growth of 25 years. But lhe
populations of Dhaka city increased more than the forecast figure. Today the mega-city
Dhaka is facing a tremendous public pressure and this 1s mercasing day by day. As a

result present population of the metropolitan Dhaka slands at over 10 milion.
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Tabic — 5.1: List of Major Transimnission Pipelines

=l Desenption of Pipchoes Specification Completion
Mo ear
| | Ashugan ~ Tlenga 24 DN % 1000 PSIG = 12500 KM 1o
2 | Menchord ~ Naismgd 200 N w LODD PSIG » 2500 KM [997
1| Norsmed - Siddirean 2™ M = JO0HY PSEG = 41000 KM 1425
4 | Haripur v8. ~ AES Hanpor RWS M DN o« 100D PRIG = 130 KM 20004
3 Titus Gas Field -Warsingdi vs 12 16" DN o [00F PSIG = 4631 KM 1985
¢ ] Nurungdi-Gbarasal, thied paralich line 16° DN = 1000 PSIG = 12400 KM 1599
7 | {ihuturs M & R Station-Narsingdi s 12 L47 N = 1000 PSLIG & 4339 KM 1968
R arsingdr v b 2-Demra COS 14" OMN = 1000 PSIG = 32.4] KM 1968
Y Narsingd: vi 12-(ihorasal 2x14" DN o« 1000 PS1Gr = 2331 KM 1985
10| Ghorasal-Taydevpur CGS 14" DN = 1000 PSIG = 24.50 KM 985
11 | Dewanbagh {on the BK13-Demra transmmission nch~ | 14" DN = 1400 PSIG= 155 KM 1987
Haripur Power Stn RMS
12 | Tlas Gias Field ~Ghatora M & R Saon 12°DN < 1000 [STG = 107 KM 14908
13 | Hatuganj Gas Fiold-Ashogan) vs 3 12° 1IN & 1000 P5IG = 537.7% KM 1981
14 | Elcnpa~Tarakandi 27 DN o= T000 PSEG = 43 00 KM 1991
15 | Dhanua~hlyroensingh 12" Ok« 1000 PSIC = 5600 KM 1952
i | Ashugam vs 3 - AFY Complex 107D = 1000 PEIG = 069 KM 1968
17 | Ashugan] vs3- ZFCL Complex [27 N =« 1004 PEIG » 3,43 KM 1230
1% | Char Raghurampur (Mymensingh) ~ RPCL Power TN w1000 PRIG x 500 KM LIGR
Stn. Complex
it | Belaho Gas Field - Warsingd) vs 11 EYDM = 10 PSIG =< 13 0t KM 19497
20 | Tarakand - Surichabati ~ Janwalpur griE DN s 1000 PSICr = 3100 KM L9533
1l | Mymansmgh ~ Melrokona B DN x 1000 PRI x $H0T KM 1554
22 | Karma ¢ras Field ~ Juypdevpur CGS £ DM x 1000 PSIG =« 1932 KM 1983
23| Jamalpur ~ Sherpur 47N 1000 PSKG x 1600 KM (R
24 | Manohord: ~ XKishoregan) G DN = 1000 PRIC = 3500 KM 1994
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The distribution nevwork constructed during early scventies in the old part of the city and
Narayanganj became undersized in its capacity in the context of the Increased gas
demand in the industrial, commercial and domestic seclors, Unplanncd growth ol the gas
nerwork crealcs operational problem. At present the main problemis of the disinbution

nctworks are:-

a) Inconsistent pressure throughout the disinbution networks.
b) Severe pressure drops in various pan of the nerwork.
¢} Pressurc drop during peak hours.

d) Therc are random leakage in distribution mains feeder lines and service lines.

Network analysis is very important to diagnosis the seurce and demand of the gas
transmission and distribution system. To calenlate region or area wise gas flow it is very

important to isolate that region. Non-isolation of network can increase systeni Joss.
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Table — 5.2: List of Major Disinbution Pipelines around Dhaka City

5l Description of Pipelings Spoaficulion Comgletian
Me Year
I Dhanua ws ~ Dhamra O0% (Prep.d T e 1000 _PEIG Propased
2 [Thanua vs, -- Elenga va 247 D w 1000 PSIG k. 507 KM Flopaosed
3 | Elenga TBE ~ Tungal DS 127 DN = IS0 PSIG = 124 KM 1459
4 | Joydewpur ~ CG5 Chandra (ASLA auie 1ricks) DRS 10" DN = 15 PSIG ¢ 25 KM 1957
5 | Chandra DRS ~ Cadet Colicge DRS 107 DN 150 FSHG = 9.2 KM 1987
§ | CCadet Cellege DRS ~ Mizapur DRS 107 DN o« LSOESIG = 148 KM 1987
T | Mirzapur DRS ~ Keratia DRS (Prop.) 14 1]« IS0PSIG x {4 Kb 1987
2 | Koratia DRS (Prop.) ~ Tangail DRS [0 oM = 150 PSIG » ¥ KM 1987
G | Jovdevpur OGS — Tonpl DRY (I'rop ) 167 D = MO PSIG = 125 KM [4e9
100 | Joydespur CG% ~ 1 onpi DRS 12V DM = 150 PSKY « 12,5 KN 1577
1h long TBS ~ Achulia TBS (Prop.} 16" DM = 300 PSI0x B5 KM 1959
12 | As<huba TBS ~ Dharoai 185 (Frep ) 16" O = 300 P50 Proposed
13 | Astubia lunction ~ Tonge [IRS (27D« 150 PRIG « .5 KM 1976
14 | Ashulia Junctign ~ Savar DRY 2" DN « 150 PEIG = 2.9 KM |6
15 | Sgvar DRE - Dhamwi DRS 12D o« 150 8103 = 61 KM 1387
16 | Dhemea LRS- Mamkguny DRS 12PN = 150 '58[G « 23 KM 1587
17 Munikgan) RY ~ Aricha DRS 120 = 150 PRIG » 17,5 KM 1987
i% | Tenm TBS ~ Tejpaan TBS IO 24" DN o M0 PSIG I'roposcil
1% | I'ong DRS ~ Ultaa 3RS 12" UM« 150 PSIG o« 58 KM 1982
20 | Utara DS ~ Joarshahara DRS L2757 [N = LSOPSIG = 4 22 KM 1947
21 | Jearshahaia DRS ~ Junction Poant 12" O « 13 PSIG =76 KM D
22 | Jupchon Point - Gulshan DRES 12° 0N = 150 PS1IG = 18 KM 1597
23 | Jupction Point — Mirpur DRS 12°DM = 150 PRIG » 4 KM 1937
24 | Junction Poine~ Cantonmcnt DRS Y0 x 150 PSIG = | Kb 1997
73 | Cantonment DRS - Mirpur DRS B o« 150 PSIG = 3 KM 1968
2 {iulshan DRS -~ Tejgaon TS 12" DN « 150 PSIG = 4 KM L7
27 | Dhatmrai TBS - Hasanbagh RS 30" D 224 1 o« 300 PSIG Proposed
2% | Hacanbagh 1135 - hoira TBS I DN 247 DM x MW PSIG Proposcd
29 | Ashulia Junction ~ Amindarar DRS 120 » 150 PSIG =« 113 KM 1954
30 | Amiehasar BRS - Hararibagnh DRS 1200 w0 150 PRIG « 9.2 KA 1997
31| Hucorivagh TBS - Imjirs DRS 12" DN = a0 PAIG 20002
32 | Tejuuon TBS ~ Nandipars TRE/IRS 12" TN w 300 PhIG o« 5.5 KM 1967
31 | Mandypara 1BS/DES ~ Derora CGS 12 DN = 308 PEIG = 6.7 KM 1967
34 | Dermia TGS ~ Posfugola RS 147 DM » 154 P8I0 = 025 KM,

10° DN = 150 PEIG » 6.4 KM 1967
15 | Postogala DRS - Kadamiah RS 107 DN = 150 PSIG « 2 KM 1967
15 | Kadamtali DRS - Godnal DRYS ~ Panchabab T4 DR x [50 PRIG « 9 KM 2062
37 | Kadumeali 1385 ~ hinpara DRS EDM =« 150 PSIC = & KM,

River Crossune {14 DN« 150

PSIG x 457m) 1981
38 | Derwa (0% - Dhana DRS IGY DN = 300 PSIG » & KM 2002
19 | Dhunia TRS ~ City Central DES 16 BN = |50 PSIG » 6 KM 20612
b | Demry 05 ~ Siddiegany BMS 14" DN » 150 PSIG = 4.0 KM 1965
41 Ewdthrgung BMS ~ Godnail DES DN = 150 BSlG = 34 KM 1464
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Tablc — 5.3: Area Wisc Division of Non-Bulk Secior

S1 Ne Name of the region Arca
01 Melro Dhaka Sales Division | Dhaka City corporation {DCC) and zone
(MDSD) adjoining non-DCC erea like Jinjira and
Demra
02 Regional Sales Depariment | | Sitalakhya, East Bank, Sonargaor,
{RSD - 1) Haripur, Rupganj, Narayvangan], Bandar
and Munshigam
(3 Regional Sales Department 2 | Savar, Manikganj, Dhamrai. Toug,
(RS — 2} Joydevpur and Tangail
04 | Regional Sales Department 3 | Bramman-Banu, Ashugan], Bharab
(RSD —3) Bazar, Narsinghdi, Ghorashal, Madhobdi
05 Regional Sales Department | Mymensingh, Bhaluka, Netrokena,
BR (R5D —BR) Jamalpur, Sherpur, Trishal, Gaflorgaon,
Hhanua, Tarakand:
Tahle — 5.4: Arca Wise Customer of Non-Bulk Scctor
Category RSD ~1 RSD-2 |RSD-3 |MDSD RSD - BR Total
Ind. 560 a5 84 1091 28 2368
Ind. {(8) - 40 108 4 - 152
Commercial | 810 332 160 5327 129 G758
Domestic BO552 79254 16561 500325 23837 To0569
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CHAPTER - 6

CONTRIBUTING FACTORS OF SYSTEM LOSS
FOR A TRANSMISSION SYSTEM

Contributing factors are those, which have a direcl bearing on system loss. In a
(ransmission system there may arise a number of contnbuting factors, which are rclated
to system loss These factors arise from the design faults and imperfect opcration.
Improper selection of a flow meter can also cause system loss. Metering station
conliguration has a direct effect on system loss if thesc are nol built as per the
International siandard. Meler run design i also an imporiant factor. Improper mcter ot
regulator and control valve sclection can also cause pulsation, which can increase syslem
loss. Tmproper operation of the transmission pipcline valve station and metenng and
regulaling station also cause operational problem and measnrcment error. Safety and
cnvironmental issues are also imporlant and these should be considered duning desigmng
period. A number of coniributing factars related to systemn loss for a4 iransmission systcm

are listed and discussed in this chapter these are as follows:-

6.1 Contributing Factors Of A Transmission System

1)  Pressurc measurement,

2)  Temperature measurcment.

3} Density measurement/specific gravity measurement.

4y  Determination or calculation procedure of compressibility or super
compressibility.

5y Lwne pack and its calculation.

) Metering station configurabion.

7)  Meter run design.

8)  Selecuion of meter (Type, sizc and accuracy)..

9y  Meter rangeablily.
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10)
1)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)

22}
23)
24)
25)
26)
27)
28]
25)
30)
31)
32)
33)
34}
35)
36)
37}

Mcter repealability.

Installaiion effcet.

Un-metered usage due to meter damage.
Pulsation cffect.

Condcnsation of natural gas.

(Gas velocily or Reynolds number.

Gas quahiy.

Reliel or venting,

—a

Purges.
Leakage.

Calibraton of meter,

Calibration of secondary instruments such as recorder, gauge, transmittcr and

iransducer.

Lsentropic cxponent usage for calcnlation.
Elevation/Barometric effects,

Conversion process.

Accounting procedures.

Billing or accounting cycles.

Uninterrupted power supply for computerized metening systemnl.

Swarl and cross current

Veloeity profile.

Foreign matenals.

Changes of gas composilion.
Profle distortion.

Internal pipe roughncss.

Primary flow clement.

Metenmg run inlet header.

Chart recorder and chart reading.

Prcheating of natural gas.
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0. 1.1 Pressure Measurement

Metering pressure mcasuremeni has an impomant effect on system loss. Incorrect
pressure measurement directly affects system loss becausc of direct involvermnent of

pressure m gas caleulation procedure,

There are a number of devices and instruments available for the measurement of pressure.
The simplest pressurc-measuning device is the pressure gauge, and the most common of
all the pressure gauges ntilizes the *Bourdon Tube’. An accuracy of about + 1% should be
available for at least the upper range valuc of a good ‘Bourdon Tubc’ type pressure

gauge. There arc some master pressure gauge with an aceuracy of + 0.25%.

Pressure gauges also adopt bellews as the means of translating the pressurc into 4 visual
scale. By using the concepl of Bellows, Bourdon tube and Therme-well, Mechanical
recorder arc produced by the manufacturer with differcnt ranges and sizes, which are
used 1o measure the differcntial pressurc, static pressurc and temperature of gas with

circular chart, The accuracy of this device is:-

a) Dillerential pressurc element: * 0.5% of full scale.
by Static pressure clement: £ 1% of full scale.

¢) Temperature clement: £ 1% of full scale.

Another pressure measuring device that is called pressure transmitter. Now a days for

better accuracy this type of pressure measuring instruments arc used. Thesc are:-

1) Variable resislive pressure trapsmitter.
2} Variable inductive pressure trangmitter.
3} Variable capacilive pressure lransmitier.

4) Piezo-eleciric pressure transmitter.

The variablc capacitive type pressure transmitter is now widely used for pressurc
measurement. Most electronic pressure transmitter has a 4-20 mA ousput signal, which
corresponds to 0% and 100% of the given prossure measuring range. A wide range of

pressire can be measured with this transmitter. Now a days-smar transmitter with
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‘HART’ {High-Way Addressable Remote Transmitter} prolocol is used for pressure
measurement. Accuracy of this type of ransmitter is 0.1% or less. Now it will be useful

to discuss some of the potential error about pressure measurement:-

6.1.1.1 Incorreet Location Of Pressure Tap

The correct localion of the pressure Lap is important not only from the requirement to gel
a representative reading, bul also to ensure that the gas flow past the tap does not creals
any undue turbulence which could be detrimental 1o the proper opcration of the fow
meter. Unfortunately it is not always possible or practical, to have (he pressure tap at the
Jdeal Tocation. Tt situations such as this, correclions are to be given [or pressure readings.

For flange tap type Orifice Meter the location of pressure taping point are.—

1} Upstrcam (ap: 1" inch upstream of the nearest plate face.

7) Downstream Lap: 1” inch downstream of (he nearest plate face.

For Turbine Meler in close vicinity of the wheel, a special reference pressure point Py is
provided. An error will be inlroduced in pressure measurcment; if rcference point
pressures arc not used. In Titas, system most of the tapping point are other then the

special pressurc point, Pr. $o there may arise an error for pressure measurement.

6.1.1.2 Faulty Gauge Recorder Or Transmitler Used

Sometimes a faully pressure gauge, rccorder or transmitlers arc used on a custody
pressure point, which accuracy is higher than + 1%. This type ol pressure measurement

has a strony cffect on system loss in transmission sysiem.

6.1.1.3 Pressure Gauges, Recorders And Transmitters Are Not Calibrated At Regular
Inierval

Sometimes pressure pauges, Tecorders and (ransmiiters are not calibraled as per

manufacturer recommended interval. This may create ermor in gas measurement.
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6.1.1.4 In comrect Reading Of Gauge Or Pressure Recorders

When pressures are read manually from gauges or recorders then there may have chance

to read pressure ingorreetly which may increases error in gas measurement.

6. 1.2 Temperature Measurement

Two scales tend 1o he more commonly nsed for femporature measurcment these being the
Celsius and lhe Fahrenheit scales. For the International System of units (SI), the Kelvin
("K) and for F. P. §. system Rankinc ('R) are used as a temperaturc measuremcnt scale,
Among the process variables temiperature is very difficult to control. Temperature must
he measurcd withoul any interference, This can be achicved by a number of ways like
expansion and contraction of liquids and metals. Changes in electneal resistance, change
in intensity of emitted radiation and changes in volume or pressure of gas. The most

commeon temperature measurement devices are:-

a} [illed thermal system.

b} Thermocouples.

¢) Ligwd in giass thermometer.

dy Thermistors.

e} Resistance Temperature Deteclors (RTD’s).
fy Radiation pyronielers.

g) Bimetallic devices.

h) Smarl temperature ransmiters.

Selection of the best sensor [or a piven application can be a function of temperarure
range, scnsilivity, responsc time, initial cost, maintenance, accuracy, reliability and power
requirement. Overall control requirements arc also important. This can lead to Lhe
selection of a mechanical or pneumatically transmitted system, piving freedom from
external power sources and simple maintenance requirement. On the other hand higher
accuracy end sensitivity and mulli sensing ability may make the electronic system more

attractive. Temperature measuremeni and its conversion have a slrong cffect on
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measutcment. Incorrectly measured lemperature value can alter the actual flow quantity.

Some of the potential crrors regarding temperature measurcment are discussed below -

a)

b}

d}

Incorrect thermo well point or tapping pownt

Sametimes thermo well or temperature tapping points are nol installed according
to recommended standard. For orifice Mow measurement this standard is AGA
Report no. 3 or ISO — 5167. And for Turbine type gas metenng this standard 1%
AGA Report no. 7 or ISO — 9951, According to these standard the temperature
tapping point will be in between Gve nominal pipe diameters from downstream of

the meter.

Under or over size thermopile

The protrusion lengih of thermopile should be % of the nominal pipe diameter or
150-mm whichever is less Sometimes under or over size thermopiles are used for
temperature measurement. Undersize (hermopile cannol measure the correct
temperature of the gas. On the other hand oversize thermopile (lengih) produces

turbulence, which causes mcasurement ermor.

Incorrect temperature gauges, recorders of transmitlers usage

Somelimes incorrect temperalure gavges, recorders or ransmiltlers are used to

measure temnperature. This creates error in temperature measiurement.

Incorreet paupes, or recorders rcading

Sometimes lechnician reads temperaturc manually from a gauges or recorders.

These causes srror in temperalure veading, which may cause measurement crror.

¢} (Gauges, recorders and transmitters are not calibrated at regular interval

Gauges recorders and transmitters, which are not calibrated at a regular er

recommended interval may cause measurcment SImor.
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B Thermo-wells are not [lled with oil

For correct temperature sensing of the flowing gas the thermo-well should be
fitled with oil. This completes hecat transfer from gas to oil. But in the existing
system the thenno-well arc not filled with oil. At present it is filled with air or

waler. S0 it {5 not possible to get the correct temperature of the flowing gas.

i I 3 Density Measurement

Measurement of density is neccssary not only for mass flow measurement system but
also for a computerized volumetric (low measurement system. The traditional methods
for density measurcment are to measure the mass of a fixed volume of fluid or the
volume of a fixcd mass. This usually involves taking a sample of the fluid from the
process vessch or a pipelne to a laboratory for weighing. Although this method can
produce accurate results, it is impractical for most process and pipcline applications. Due

lo the requircment for an in-situ measurement device, the densitometer was developed.

Densitometer somctimes shows higher density value than the actual due to condensation
of gas in the device. This may alter the actual density valuc of following pas and cause

ineasureinenl errors.

6.1.4 CompressibifityOr Super Compressibility Determination

Compressibility is the abibity of a material to reduce in volmne when subjected 1o an
increasc  in pressure.  Super compressibility is  reciprocal of compressibility.
Compressibility and super compressibility determination are needed for calculating gas

flow And this has a suong e(lect on system loss.

There arc three more common methods for the caleulation of compressibility these are:-

i) AGANX-19
i) ACA-§
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i) GERG,

Although NX — 19 has been universally used to delermine the gas compressibility factor
Fpv, licld measurcments in both the U.8.A. and Europe show major discrepancics
between ihe acual measured compressibilily and that derived through the application of
NX — 19, This has led lo indcpendeni research work by Group European des Recherche
Gazicrs (GERG) and the Amencan Gas Association (AGA) into improved methods to
detcrnine gas compressibility which is discussed in Gas Flow Measurcment, Quahty and
Control by GASCOR Consult Inemational, Austraiia {Reference — 9). Although the two
groups cooperated through the exchange of data, different results have been produced.
Both studies have resulted in reporis that give sets of equations to calculale the gas

compressibility ‘27,

The flow measurement quantity may vary subjecting lo the method used for
compressibility mecasurement. AGA - 8 is the best methed for compressibility

measuremenit.

8.1.5 Line Pack And Tts Caloulation

Line pack is the amount of gas that always remains in the pipelinc from the purchase
figure. With the build up line pressure the amount of gas packed increases in the pipeline.
As pressure is always changing in the pipeline and pressure is higher in the lean hour than
the peak hour. So hne pack is higher in the lean hour. Line pack is always changing. Line
Packs or change ol line pack has a strong effect on system less calculation procedures.
Compressibility must be included with the line pack calculation due (o compressible
naturc of natural gas. ¥ this is not included m the line pack calculation then 1t will canse

CASUTCIMENL eTT0T.

6. 1.6 Metering Station Configuration

The ovorall design of a Resulating and Melering Station (RMS) should have regard 1o the

particular conditions and duties that il is required to perform. As per Inlernational Gas
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Engineer’s recommendation IGE TD - 9, to install a RMS the following requirement arc

NECesSary-

a}
b}
c)
d)
c)
f)
)
h}
1)

J)

Range of low ratc required.

Range of inlet and outlet pressurc related to [low rate.

The depree of secunity for supply required.

(leanliness of the gas in respect of both solid particle and hquid entailment.

The need for preheating prior to pressure reduction.

The need {or metering.

The need [or noise control.

The requirements for lelemeter infornmation and remote control..

Any special charactensues of the load when the installation 1s supplying an
industrial or commercial customer.

The requiremenis for maintcnance.

6.1.6.1 Recommended Minimum Requirsments

Having regard to he preceding clauses the design should include as a minimun as per

1GE-T1Y — % {(Reference — 2). These are:-

a)

b)

Two or more high-pressurc inlet filters with suitable valving and connections to
permit design with one unil out of action. Merns Lo avoid the entailment of Tiquids
in {he gas entcring a regulalor assembly and, if necessary suitable provision made
for their removal. It is particularly imporant that the gas supply to regulalor
contro! instruments should be fee of liquids and dust and suitable filters or

filler/separators should be inslalled as appropriate.

I'wp or more strecams of pressure regulaiors cach stream to contain at east two
regulators, so that if any one fails, the remainder will maintain safe conditons.
Where the installation is nol a major supply or is reinforcement off take,
consideration may be given lo the provision of a single siream of regulators only.

Upstream slam — shut valves should be fitted on all streams of regulators. These
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d)

requircments for the provision of slam-shut valves are as a safety device. Small
installations where the potential gas release via a relief valve can be allowed. A
combination of slam shut and relief valve can be used for higher capaeity RMS to

ensure hetter safety,

Instaltations should be design to withstand inlet pressure conditions through to the
final outlet valve. Where this 15 not reasonably practicable, the design should
include inter-stage relief valves in each stremm where morc than one stage of
pressure reduction is involved. Such relief valves should be at least of sufficient
capacity to off-set the effecls of zas passing due to lal use ol regulators to “lock-
up” at times of no flow. Prolection may also be afforded by providing an auxiliary
inp switch for the slam shut valve. In cemain circumnstances failure of a pressure
reduction installation 1o “lock-up™ at periods of low flow may cause the normal
working pressure of the sysiem into which it delivers exceed. The use of a reliel
valve and vent of sufficient capacity to offset this failure to lock-up may be

considered if the operation of the stam-shut system 15 unaccepiable.,

It is nccessary to consider whether or not preheating of the gas is required to
avoid unacceptable low temperaiure in the down stream pipe work and auxiliary
systems following pressure reduction. Il heater is installed then they should be
controlled in such a way as to avoid high gas temperatures, which can damage
any seals, dnaphragms or valve seats in equipment such as regulators, meters,

rehef valves cte.

Tn short a regulating and metering station should be included the following

squipment:-

i) Inswlating joint.

{ii) Inlet emergency shut down valve.

{1} Knock out separator/ scrubbers and filter separators.
{iv) Heaters or heat exchapger.

{v) Valves and valves actuators.

{vi) Slam-shut valves.
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{vii) Regulators.
{vili) Silencers.
{ix) Rehel valves.
{x} Moeters.

(xi} Liquid separator.

If" the metering stations are net nstalled as per the intemational recommendation then

there may cause opcrational difficultics and measurement rror.

6.1.7 Merer Run Design

To obtain a rcliable and accuratc metering il is just not a matter of selecting an
appropriate Now meter. The choice of flow meter will alfect the meter run, however the
design of the meter run is paramount if the low meter is to perform reliabic and accurate.
Therefore a strong interdependence exists between the meter and the meter mn design.
The meter run design requirements and limitations must he reviewed in conjunction with
the flow meler characteristics. Taking this mio account, together with meter
manufaciurers  recommendations and those given in Lhe recommended standards

generates a hst of items may include but not limited to (Reference — 9). These arct -

+ Reynolds number sensitivity.

s  Rangeability limits.

s Flow characteristics (inlermittent, continuous, etc.}.
s  Muximum and average hne prossure.

¢ Allowable pressure drop across meter.

s Space availability.
v Calibration/proving requirements (legal metrology rcquirements).

* Maximumn and average operating lemperaturc, cost expectations (capital,

operating).

¢ Properiies of measured fud {comrosive, viscosity elc.).
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6.1.8 Selecting A CGus Meter

In selecting @ gas meter, one must firsi determine the type of meter that will be best
suitable for the application. Meter choice will be made by the data that have been
galhered [or the overall stalion design. Following data are nced for selecting a gas meter

{Relercnce — 93:-

s  Volume flow ratc — Maximum, minimwn and average hourly flow rate,
s Pressure — Maximum, minimum and average operaling pressure.

e Type of load — steady, tluctuating, interrmittent.

e Physical and chemical propery of natural gas such as gas composition, water

content, COs. Nj, heating valve, density, viscosity, corrosiveness, elc.

« TDuily Range — Ratio of maximum te minimum hourly volumes in any one given

24-hour penod.
e Space availahility — Room that can be used or is avanlable.
» FEconomic consequences — Accuracy, safety and service of primary imporiance.

s Legal metology rmequircments — Approval of legal mefrology (OIML -
Organization International Mcetrology de Legal).

o (Cost eflectiveness

s Duration of operation of the meter.

» Consequences of the gas flow rate bejng stopped by meter malfunction.

There is no universal meter; each type has some limitations. Some metcrs may only be
useful for specific applications, whereas others can be widely adopled. The correct meter
selection 1~ important not ouly from @ measurement requirement, but also {from economic,
supply, sceurity, safety and even cusiomer confidence. The following types of meter may

accomplish for gas [low mcasurcment: -

{i} Differential pressure measurcinent — Onfice, venturt and nozzle flow meter.
(i)  Positivc displacement — The diaphragm meter.

(iii)  Rotary inferential — Rotary meter, turbine meter.
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{1iv)  Fluid oscillatory — Vertex shedding, swirl meler.
fv} Eleciromagnetic — Magnetic flow meter.

{vi)  Ultrasonic — Doppler.

{vi1)  Direct mass — Conolha.

{(vii) Thermal — Thermal profile.

Tn trangmission system Orifice and Turbine type gas meter of varous sizes are used
for gas measuremeni. Faulty, under or over size meter selection can increase

measurement error which intcrns increase system loss.

8.1.9 Flow Range Or Rangeabiliny Of Meter

This 15 the ratio of maximum and minimum flows over which the meter w1ll maintain the
wperificd accuracy or hneanly Rangeability has a strong cffect on syslem loss. Because
meter with improper ranged can not measure iruly. Aecuracy is how close to true flow the
meter can measure. This is usually stated as a percentage over a flow range. And linearity
is the ability of a meter to maintain a constant calibration factor throughout its specified

flow rangs.

The rangeability of a single orifice meter is about 3:1. By using a scries of differential
element read out device this can be raised to 9:1. Rangeabilily is the term used with
meters to express the flow ranpe over which a meter operates whilst contimuing to meet a
aiven accuracy tolerance. The rangeability can also be cxpressed as ‘lurmdown ratio’
which 15 a ratio of the maximum Now divided by the mimmum MNow, again over a given
accuracy tolerance. On the other hand rangeability of turbine meter is very high, Al lower

ar medinm pressure it 15 20:1 and it increases as pressure increases.

Rangeability is very imporiant for moter selection. Where the gas consumption is stable
or where there is no load variation then it will be wise 1o usc an orifice meter. And for
load variation turbine meter can be used efficient!y. Selection of an improper range meter

can increase measurement errer, which in tums nereases system loss.
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0.1 10 Repeatability

Repeatabihity is the ability of a meter lo replicate the same reading each time given thai
the same fow conditions exist. It is the clogeness of the agreement beiween the resulls of

successive measurcments carniedd oul under the same conditions.
Repeatability condiions include: -

- The same measurement procedure

- The same observer

- The sume measuring instrument used under the same conditions
- The same location, and

- Repetiion over a short penod of time.

A mcier with closest repeatability is desired. Il is expressed in perceniage. A repeatabihity
value of 0.10% is a very good onc. Repeatabilily has a strong effect on system loss.
Meter with higher repeatabilily value can increase syslem less and lower repeatability can

decrease it

6.1.11 ustallation Effect

Installation has a strong cffect on system loss. It may affect proper metering and
operation For proper metering of natural gas it is very important to consider the
installation factors. In this study a bricf discussion of seme of these faclors are given

below:-

1} Prowvigion ol adequate filtration.

2} Requirements of preheatimg the pas.

3} Elimination of liguid droplet and vapor presence with the gas,
4) Elimination of pulsaltion and tlow surges.

5) Elimination of the possibility of reverse flow.,

6} Access requirement for maintenance and operafion.
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7) Regulator, hazardous zonc. safety reguirement, secondary instrument and
interface requirement.

8} Sources of interference and special requirement.

Tnstallations those are not built as per ibe intemationally accepied standard like ANSI,
APL DIN, NIN, IGE, AGA, ASME, ISO ASTM etc. may cause improper operation and

measuremenl error which intern’s increascs system loss.

6.{. 12 Un-metered Usage

In a transmission system sometumes it is not possible lo meter gas due lo damage or
ahsence of gas meter. Un-metered uses are not reflected m the system balance or system
loss calculation process. Third parly that which is not very casy to idenlify somctimes
damages gas meters. Flow meters of CGS, TBS, DRS and RMSs are damaged by thind
party with a view to create a disturbance in calculating inpul gas of a sales area. So un-

metered usage have a strong citect on system loss.

6 1.13 Pulsation Effcct

Pulsation crealed by flow control valves, regulators and some piping configurations may
cause slgmmficant errovs in gas (ow measurement. In recent years the Tipeline and
Compressor Research Council (PCRC), a subsidiary of the Southern Gas Associatior,
comnissioned and Mnded various pulsation reachereh project at Southwest Research
Institute (SWRI) mm San Antonio Texas. This is discussed in “Appaiachian Gas
Measurement” short course — 1999, US.A. (Reference — &). The PCRC sponsored
research programs conclnded that pulsation induced measurement errors fall into two

broad categories.

a} Primary Element Frror

Which includes square rool averaging crror {(SRE), inertial errors, and shifls 1 the

onfice co-efficient.
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a.1 Sguare Root Errot

In our transmission syslem most of the natural gas measurement is perfermed

with orifice plates. Gas volumc () is calculated usmg the basic formula
O=C'JAPx P . The fixed orifice coefficient {C") is desired [rom a formula

found in the latest edilion o AGA Report No. 3. Differential pressure {(AP) and
line pressurc (P) are measured with mechanical chant recorders or electronic
transmitters. Under steady — state {low conditions, gas volumes can be
accuratcly measured wilh current  statc-of-the-art equipment. Howcver,
maccurale measurcment occurs when the AP modulates, or changes, al a
frequency greater than the frequency that the measurement system cxtracts the
squarc root of the AP. Pulsation from control valves, pressure regulators, and
somec piping configurations are one sourcc of frequent AP modulation. The
measuremnent error referred to above 1s called Square Root Error (SRE) — the
calculation of unsleady fow using the square root of the average AP vs. the
average of he square root values of the instanteneous AP, Because SRE s
directly related to Now measurcment error, it has becorne a very imporiant topic
to those who buy and sell natural gas. SRE is the largest component of primary

clement error caused by pulsation,

a.2 Other Primary Element Errors

Though SRE is the largest component of pulsation induccd primary element
error, under extreme pulsation conditions, inertial error and coefficient shilts

will both increase in magnitude. A brief explanation of each lollows:-
a.2.1 Inertial Error

Pulsating gas flow wall tend to remain in motion due to its inerlia. As a result,
[low velocity changes lag belind AP changes. Incrtial errors are insignificanl

unless pulsation amplitude and frequency are both relatively high,
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a2.2 Co-cfficient Shilt

Though difficult o quantify test data indicates that pulsation level above 1.5%

SEEC contribute to shift in the o fice co-cfficient,
b) Sccondary Element Emrors

Which consist of gauge line distortion and gange line shift, together commonly
referred to as Gauee Line Eiror (GLE). Gauge linc a envor exisls when Ap at the

taps docs not equal 1o the Ap at the end of gauge lines. It 15 caused by pulsation,

6.4.14. Condensation Of Natural Gas

Within nalural gas environment the word condensate refers to the liquid those are formed
by the condensation of a vapor or a gas; specifically, the hydrocarbon liquid scparated
from natural gas because of changes 1n temperaure and pressure when the gas from the
reacrvoir is delivered to the surface scparators and inlet separalors of a Regulaling and
Metering Station (RMS). The Condensate formed this way 1s esseniially made up of
pentancs and higher hydrocarbon. In & gas transmission and distribulion system liquid
condensates are scparated through the knock out, filter and liquid separators and collected
into the under or over ground storage tanks. Then the collected Condensate is delivered to

(311 distribution Company through tank lory by carrying conlractors.

For system balance or loss/gain calculation these collecled condensate are converted (o
equivalent cubic meter of gas. Presently a conversion of enc-litre condensate is equal (o
onc-meter cube natural gas as per the mecommendation of Chemical Enginecring
Department of DBangladesh Umiversity of Engineering and Technology (BUET).
Condensate collection facilily and cificicney has a great influence on system loss.
Beeause this increases operational abmormalitics and measurement error. Sometimes
condensates are carmied to the distnbulion network causcs operational preblem. Some

guantities ol condensate arc losses by pilferage in collusion with the carrying centractor.
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fi 1 15 Reynolds Number

Revnolds numiber R, is a dimensionless vanable, which represents the nature of the flow

in & pipe has strong influence on measurement.

R
J7
where, I; = Reynolds number
p = Densily ol gas
V = velocity of gas
D = Diameier of the pipe

L = Dvnamic viscosity.

Reynolds number has been found to be an acceptable correlating parameler (hal combines
the effects of viscosity, density, and pipeline velocity. A high Reynelds number means
that viscons forces are small, whereas a low value means that viscous forces dominate.
When the value of Reynolds number 15 below 2000, the flow is termed lammar.
Turbulent flow is said to exist when the value 15 above 40,000, Reynolds numbers, which
falls between these lwo values, the Mow may be laminar or turbulent — this bemg fermed

as transihon area

R = 2,000 Lammar Mow
2000 < Re = 40,000  transition zone
R, = 40,000 turbrulent flow,

For the measurement of Walural gas, the Reynolds number will be normally well above
the transition zone. It 1s always advisable to check the Reynolds number sensitivity when

considering a particular flow meter iype for a given application.
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& 116 Gay Quality

Gas qualily has a strong effecl on operation of the station md measurement syslem. The
gas should be pipelne quality one. 8o gas must be filtered through KO (Knack Out
Drum: Tt is one kind of liquid scparator) and rwo-stage [ter separator. Dirr, dust, pipeline
debris, watcrs and water vapor, higher hydrocarbon or condensate should be removed
through these separating sysiem. If these sorts of things are not separated then 1l wall
create a great nmpulse on meler vane showing measurement on mgher side and

consequently damages the meter.

6.1 17 Venting Through Relief Vahe

Sometimes gas 1s vented through the relief valve of repulating runs, separators (KOD,
filter and liquid separator), comdensate line ete. when the gas pressure exceeds the set
poinl. This siluation anses in the olf transmission CGS, TBS, DRS and bulk customcr
RMS al the lean hour say at 01 00 P.M. to 05.00 P.M. hour every day weekly holiday
period and special holiday Tike Edul-Azaha and Edul-Fitor due to decreasing of gas use
level. So there are chances of gas losses through vent during this period, which also can

causc operational anomaly and system loss.

6.1 18 Purges

Purges are the amounts of gas that are release o the atmosphire dunng a pipeline
operation or a regulator setting or other related RMS operation. Sometimes this amount
of gas is not recorded in & pipeline operation. These increascs systecm loss. The purges

should be duly recorded.

4.1.1% Leakape

Loss through leakage from the iransmisgion piping systcm is less important because there
are less chances of this type of leakage. Transmission pipcline networks are less

complicaled and Calhotically 1t 15 protected.
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6. 1. 260 Merer Calibration

Meier calibration and process of calibration has a strong effect on systcm loss. Meter that
which is not calibrated at a regular interval recommended by the manufacturers may

cause measurement error, This increages system loss.

6.1.21 Calibration Of Secondary Element Like Recorders Gauges And Transmitters

Calibration of Lhe secondary element like chart recorders. gauges and iransmitters has a
strontg effect on Aow measurement. If these shorts of insiruments arc not calibrated at a
regular interval the unccrtainty of measurement process increascs. This increases system

(eI 3

6.1.22 Isentropic Exponent Usage For Caleulation

The isentropic cxpenent (K) is a thennodynamic statc property that establishes the
rclationship between an expanding Nuid pressure and density as the gas flows through the
arifice plate bore. The natural gas isentropic exponent value used for calculahon process
required an exact one. An erroneous isentropic cxponent used for calculating gas [low by

orifice meter has a strong effect on measurement uncertainy.

6.1.23 Elevation/Barometric Effect

Gas lNow ratc of the individual metering station are ecalculated on the basis of the
barometric height or elevation of sea. And individual mctering stations barometric haighi

15 nol reflecled in this regard. This causes measurement error,

6.1, 24 Corversion Process

There may have chances of system loss or Unaccounted For (Gas {UFG) with in the unit
conversion process of the gas caleulatton procedure. If the conversion faclors are not

properly uscd then the calculated amount can vary frem the aclual.
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6.1 25 Aveounting Procedures

There may have chances ol increase system loss if proper accounting procedures are not

use wn calculating gas bill preparation and payment.

6.4.26 Biflting Cycle Effect

Billing cyele is the time between (he consequent billing month. This 15 the first day to the
last dav of a month. The meter reading of all transmission installabion should be collected
at the same time. If these are nol collected at the same time then total gas [ow will higher
or less than the actual gas Now. On the other hand billing cycle of sales system is 21" day
of a month to the 22™ day al the next menth, this in consistency in billing may cause

systen loss.

6 1.27 Interrupned Power Supply

If the power supply for the flow compuier, gas chromatograph, pressure, dilfercntial
pressure and temperature transmillers are interrupt for some time then the Now computer
fail to compute the gas Mow rate at that time. So the flow computer shows less gas low
than the actual flow. So interrupted puwer supply is a strong factor for syslem lass [or the

computerized gas computing sysiem.

6.1 28 Swirl And Cross Current

Ope of the major design faults for a gas metering sysiem 15 having a number of pipe
bends close 1o each other. This results bulk swirl, which may persist for significant
distances downstream in the pipeline. Observations of actual conditions have confirmetd
that this distance can be in excess of 1000 D, To put ins in perspective, 100 D isup to 10
times greater than the upstream straight length provided by some metering system design
{Reference — 9.
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Swirl may occur alome wilhin a pipeline system or togcther with velocity profile
distortion. Generally swarl is the result of having adjacent bends in different planes within
the pipe. The use of straight lengths of pipe can reduce or ehminate swirl, with the
viscosiby of the fluid influencing the length of strmght pipe required. This means a liquid
would require a much shorler pipe lenglh than the natural gas. Of course, flow
condilioner can also be used for reducing swirl within a pipe. The decay of swirl 15 also
influenced by ibe pipe wall roughness. For a very smooth intemnal pipe wall, swirl may

persist [or well over 100 pipe diameters downstrean of the source.

Swir] and crosscurrent has a very strong effect on flow measurement. In presence ol swirl
the flow measurcmeit may be faulty. Swirl in the direction of flow can merease the [low
ratc than the actual and opposite to the [low direction decrease the flow raie than the

actual value.

6.1.29 Velocity Profile

It can be seen thal the Reynolds number 15 a guide to the profile and stability of the fuid
Nlow pattern. For lammar flow (Re < 2000) the prefile 1s parabolic and it is not influcnecd
by the pipe wall roughness. At these condilions a parlicle at the center of the flow would
be travelling at about twice the velocity of the average of the fluid particles. Tn the total
turbulent region. the [low profile is nearly flaf, with particles travellimg at the same
velooity. The exeeplion bewng particles close to the pipe walls interlace, which travel at a

Jower veloeity. Velocity profile has a strong cilcet on gas measurcment.

6.1.30 Foreign Material

Different meters will react differently to the prescnce of forcign material within the fluid
heing measurcd. The foreign matcrial may result in abrasive, corrosive or pulsating aclien
on the meter. This in lum will lead to inaccurate flow registration or cven stop the meter

completely.
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6 {31 Changes Of Gas Compositions

Knowing the composition of the fluid and its likely rale of change can be important for a
number of reasons. For gas Mow measurement 1t 18 desirable to free from dint dust and
tlecay. The composition and change of composition can also significantly aller the gas
density. Some gases arc unslable and may cause measurement problems by breaking
composiiens along the pipeline, which will imuiale a change of state. With changes of
gas compasition the density of gas will change, Since gas composition is not analyzed in
online or regular interval tather 1t assumes a constant value. So with changes of gas

composition flow measurement can be changed.

6.7 32 Profile Distortion

Other variahles, which can cause installation effecis, include profile distortion, the
condition of the intermal pipe walls, the number of siraighi lengths available both
upstream and downstream of the flow meter, and the location of valves, change of pipe
diameter and proximity of reciprocating plant. Swizl and profile distorion 1s the mwo
major types of disturbance within pipelines. Profile distortion is sometimes referred to as
jetting. Both thesc clements may occur together or separately consuderable work has been
underiaken over the past decade to elimninate this conditious pnior to the flow meter. The
climination or minimization is achieved through the use of flow condilioner. Some very

novel and ellective flow conditioner design arc now available.

Prolile distortion can be of a temporary nature, as it 1s caused by obstruction m the gas
flow path. Itcms, which would constitute an obstruction, like a partially open valve, a
blockage in the pipeline or other irregularities within the pipe can cause profile distortion.
Tneorrectly fitting or protrusion of gaskets is anether commen contributing factor to

profile distortion.

The influence of swirl to the flow meter is cleser the bends. Roiating plant such as
COMPISSsOrs, generators; pump elc. can excite piping vibrations, which in tum result

damage of the metering equipment. Profile distortion cause meusurement ermer.
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a.1.33 faternal Fipe Roughness

Internal pipc roughness has also recently received considerable research aitention. The
MWational Instimite of Standards and Technology (NIST). Colorado. 1.5, A, has found that
[low mecasurcment crrors of around one percent can result from the use of pipe that has an
internal surface [imsh that 15 too tough bul complies with the given standard. A rough
wall pipe will contribule 1o profile distortiom becansc the velocity profile in a pipe with a
smooth wall is such that the velocity near the wall is higher than at the same radius n a
rough walled pipe. With respeet to pipe wall roughness and applicalion o orifice plate
systems, it has been demonstrated the following results from research sludies inlo orifice
melering al the Nova Husky “Rescarch Corporation in Canada and NIST m U.5.A”
{Relcrence — 9).

. : . : d
a) Onfice melers are sensitive to pipe roughness for diameter ratio [ Ji] =.’_J. greater

than 0.6 however no significant stalistical effect could be found for beta ratios less
than 0.5.

b) A relatively shorl piece of tougher pipe (aboutl 2.5 pipe diametcrs) can have a

major influence on reading accuracy.

¢} ['or an onfice plate drameter ratio of 0.73 and a pipe wall surface monghness value
appraximalely 7.6 pm, the roughness ellect on the discharpe co-efficient can

excead 1%,

d) For pipe wall surface roughness value less than 3.8 pm, the effect on the
discharpe co-efficient caused by roughness is less than 0.5% for any beia rauo
less than 0.75.
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6.1.34 Primary Flow Elcment

A prohlem that does cxist with metering system design and is the choice of the primary
[low clement capecially orifice plates, location and orientation of pressure tapping points
and associated lines for instrumentation eic. For pas measnrement, taps should come at
the top or at least no more than 45" degrees from the vertical of the gas measunny line.
This is o make surc that any liquids that get info the main pipe arc not able te be drawn
into or block the instrument lines. Imiproper design of pnmary [flow clement can cause

measurement crrof.

6.1.35 Metering Run fulet Header

Another design point worth consideration is the melering run inlct header. The size of
this header can be used to control the velocities of the fluid 10 the meter runs. Naturatly,

the appropriate standards should be always referenced.

As can be seen, meter run design can influence the operation of the [low mcter. Other
points that should also be considered are thal most meters will have their best accuracy at
the upper range and at conditions where other measured vanables would change little i.e.

slable pressure, temperaturc and density.

& 1.36 Chare Recorder And Chart Reuding

Although very sigmficant advances have been madc in the direct processing of flow
mecasurement data by mcans of microprocessor based equipment, a need still exists for
the chanl recorder because it is reliable. The use of the direct reading chart has the
advantage that the measurement bemg recorded can be read at a glance, Some

organizations usc charts as a permanent record for accounting purposes.

When uncerlaintics of measurcment are considered, the hilling or gas accouniing process
tends to be overlooked. The recording and calculation precess 1s the final consideration

for obtaining accurale fow measurement. This process can and docs contribute to the
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overall uncertainty of measurement. This ean be through the application of averaged data,
if ¢lectronic recording means are used, or from incorrectly reading hard copy data, such

as that derived from chan readings.

In the evaluation of equipment, one significant factor tends to be overlooked in the
seleclion process — that ol the skill and training of operators. The proper aperalion ol
compicx data processing equipment in many cases gels down to the skill. Understanding
and training of the maintenance personnel, Chart recorders arc simple and fairly robust
and therefore do not require highly skilled operators or expensive diagnestic equipment,
however malfunctions can occur if they arc not serviced properly or mcomrect charts are
used. Cost wisc, the chart recorder can be an attractive option. When a back correction is
required or a prior event nceds investipation, a chanl recording can be invaluable.

Mallunclion or erroneous reading of chart recorder can cause measurement error,

6.1.37 Reguirements Of Pre-heating The Gas

When temperature of the gas falls below the dew point, hydrates can form and freezing
occurs in and on the pipeline and regulation becomes cheese. This creates operational
hazard and incorrect flow measurement. To prevent this, particularly at the stage when
pressure reduction takes place, it is necessary to ensure that the temperature of the gas
remains ahove that of the dew point at the exit to the pressure reduction section of the
syslem. Dunng pressure reduction the temperature (s reduced by approximately ome
degree F, for every bar by which the pressure is reduced. Preheating of gas is necessary
for smooth operahion and cormrect Mow measurement. Typically the system will provide
two heating units onc on active service, the other on stand by duty. The commonest form
of heater used to raise the temperature of gas, is the water bath lype ol heater or

exchanger.

The factors thosc are discusscd above have strong effects on system loss, since a huge
amount of gas arc metered or transfer through the transmission system. A small
percentage of loss will be a big amounl of gas loss. So care should be taken to minimize

all these factors, capecially installation cffects and measurement related factors.
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CHAPTER -7

CONTRIBUTING FACTORS OF SYSTEM LOSS
FOR A DISTRIBUTION SYSTEM

Tn a gas distribulion or sales system there may arise a number of contrbuting factors,
which arc related o system loss. These [actors arise from the design faulls and imperfect
operation and gas pillerage. Improper or faulty selection of a flow meler can also cause
system loss. Customer Metering Stations (CMS) configuration can also cause system loss
if these are not built as per the internationally recommended slandard. Improper selection
of regulator, control valve or meter can also cause pulsation, which can increase system
loss. Improper opcration of distrbution lines, valves, DRS and CMS also cause

operational problem and measurement crror. These are all technical errors.

The other types of losses are called non technical loss, which mainly canses from piracy
ot thelt of gas through a number of indigenous ways and that is the majer componeni of
systern loss. A number of contributing factors related to system loss for a disinbution

system are listed and discussed in this chapter, these are:-

7.1 Contributing Factors

—

lixed pressure {actor used in gas calculation.
Fixed temperature facior used in pas calculation.
¥etering station configuration.

Meter mzing and selection.

Meter accuracy.

Meter rangeability.

Meter repealability.

Meter reading errors.

A

Load approval.
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1y, Un-mmeterad domestic [lat rate tanff base.
11. Meier calibration and service.
12, Non registration of pressure and temperature.,

i3, Thefl.

a) Meter lampenng.

b) Regulator tampering.

¢} Meter index slowdown.

d) Meter index changing.

&) Rotation of meter index in reverse direction.
[} Interference.

g) DBy pass connection.

h) Thefl by other cquipment of RMS.

i) Rceistering lower meter reading.

1) Imitation of scal.

14 Leakage.

IS, Venting through reliel valve.
16, Conversion process.

17.  Accounting proccdurces.

18, Billing cycle eflect.

19, Pilot loss.

20, Pulsation cffect.

21, Third party damage.

22, Un-metered usage.

23, TIncorrcctly reported usage.
24. Pressurc regulating and metenng station performance.

25.  Absence of regional blanching or accountability.

7.1.1 Fixed Pressure Factor For Billing

Gus consumptions of customers are calculaied and billed in terms of siandard or base

condition in cubic meters. This is the volumetnc [ow rate that would occur if the
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pressure would be reduced o siandard or base pressure and lemperature (14 73 psia and

60'F). The base volume can be calculated with a formula that can be write as:-

Pz
0, =0, L b 2t
PER T, 2,

Where,

Qy, = Base volume Mow rate in m*/hr.

Q¢ — Line condilion volume [ow rate in m>/hr.
I = Stalic pressure at line eondition PSIA.

P, = Base pressurc at hase condition PSTA.

Ty, = Base temperature "R,

T; = Flowing temperature “R.

Zy, = Compressibiliry at base condition.

Z= Compressibiliry at Mlowing condition.

T,
For lower pressure, lemperature factor r—b and
!

h

Compressibility ratio arc taken to be unity.

- r
J

S0 the above formula become

Pf
Q= Qr F&'
Metennyg pressure of cuslomers are the conlractual pressures by the company with the
cuslomers. Since no permanent pressure recording devices are not installed in customer's
RMS. S0 for gas metering fixed pressure factor is used. This fixed pressure factor has a
strong effect on system loss. Generally the customers usc pas at a higher pressure than the
conlractial pressure by unauthorized handling or tamperning of regulator and pressure

gauges, RMS pipes, fitings, staners and other equipment by breaking the seals.
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Sometmes it becomes very difficull to identify the seals that are aclually broken by

unauthorized way.

7.1.2 fixed femperature Factor

520
The formula lor temperature factor can he written as =————. In TGTDCL’s

PT, +460
distribution svstem the temperature lactor used to calculaie the gas [low rate 15 unity.
This mecans that flowing temperature is always 6(°F. It shows that Fn = 1, only for Ty =
&0°F. But in actual case this factor is not unity because customers use gas lower than the
base temperature. So this fiaed temperature factor has a strong clfect on system loss. At

present there are no temperature recording devices in customer RMSs premises,

7.1.3 Merering Station Configuration

Metering station configuration has 2 strong effect on system loss if it is not bwlt and
installed as per the intemationally recommended standard with maintaimng the cntire
requircments for filtering, regulating, metering and safety. At least minimum
requirements should be meet. In this regard Intemational Gas Engincers {IGE)}
recorunendation IGE TD — 10 and American Petroleum Institute (API) recommendation
should be used as a guideline. The pipe & fillings should be installed such that turbulence

can be avoided or niinimum.

714 Meter Sizing

Meier sizing has a strong clfect on system loss. If meter sizing is not appropriate such as
under or over size then it cannot measure properly. In this context turn down ratio 1s very
important, It is the ratio of the maximum fo minimum volume ol gas that can be
measurcd properly and safely with desired aceuracy. Meter should be sized so that it can

caler minimum flow rate and also maximum Mow rate properly with out any damage.
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Meter is generally sized and selected on ihe basis of hourly load. As per approved load
Diaphragm meters are used for metering gas of domestic and commetcial customers and
Rotary and Turbine meters are used for industrial custemcrs. Presently meters are
sclected on the basis of G size. International Organization of Legal Metrology (OIML),
intermationally approves G size. Flow rate in meter cube can be determined from G size
by multiplving it with 1.6. For G ~ 1.6 to G — 10 with operaling pressurc 0.4 Bar,
Diaphragm mieters are used. For G — 25 to & - 65 Rotary type meters arc used. And For

(G-size 100 to hygher turbine meters are used le measure gas.

21 ¥ Meter Acenracy

Meter devialion from perfect measurement can be expressed in lerms of % Ermror, %

Accuracy and %% Prool.
%4 Error is the relationship between measured and true volume, and expressed as:

Vo—¥
o Frror= 100 »x =2

f

Where,

¥ » = the volume mcasured by the meter.
V. = the truc volume, usually delermmed by a stapdard or master

Meter.
%5 Accuracy = % Error + 10084

l

% Proof= ————
% Accuracy

Negative values of % error represent lost volume or slow mcters. Positive values of %
crror represent over-registration or fast meters. If % Accuracy, numbers less than 100%

means slow meter. % Proof 15 the opposite of % Accuracy.
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Meter accuracy has a strong effect on systcm loss. Meter accuracy ligher than £ 1%
might increasc technical component of system loss and it is not intemnationally accepled.

Accuracy icss than 0.5% is geod.

7.1.6 Meter Rangeability

Thig is the ratio of maximum and minimum Mows over which the meter will maintain the
specified accuracy or linearity. Some times it is ¢alled tum down ratio. Meter wilh high
turn down ratio is desirable. The turn down ratio of onifice meter ig very low and it 1s 3:1.
Dy using a semies of dilfcrential clement read out device this can be rises to 9:1. So odfice
meter is suitable for constant [low rate. The tumdown ratio of rotary and turbine meler 1s

very high il can be increasc from 3:1 for lower pressure to 1041 at higher pressure.

In our distribution metering sysiem turbine and rolary meters are used as an input-
metering device. Industrial customer uses rotary and turbine meler on the other hand
commercial customer uscs diaphragm displacement meter. Turn dewn ratio has a great
influence on syslem loss The mcter should be capable of measure the minimum and
maximum flow with desirable accuracy. 1f the instailed meter lower range is higher than
the actual demand then the meter will register lower flow rale. On the other hand if the
installed meter higher range 15 lower than the actual load demand then meter will damage
with spin effect. So meler rangeability has a strong effect on sysiem loss. [f the meter is

not choice according to the actual load then it will increase system loss.

7.1.7 Repeaiahility

This 15 the closeness ol agreement between the resulls of successive measurement when

the same measurements are carmed out under the same measurement conditions.
Tt 15 important o understand that repeatability condihions are:-

- The same measurement proccdure.

- The saime observer.
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- The same measunng instrument used under the same conditions.
- The same location,

- Repetition over a short penod of time..

Meter with lower repeatability percenlage says 0.1% is desirable. Repcatability has some
effecl on measurement uncertainily because accuracy and repeatability are closely
related. Meter with hipher repeatability percentage increases measurement uncorainty.

This uncertainty increase system losa.

7.1.8 Errvor Or Suppressed Meter Reading

Meter reader may rcad meter reading emoneously for lack of his or her knowledge.
Sometimes meter readers write meter reading less than the actual reading in collusion
with the dishonesi costomer, This is & very impottant issue or lactor for system loss.
Error or suppressed meter reading can increase system loss. And this is an evil practice in

TGTDCL.

7.1.9 Lowd Approval

During load approval of a customer ‘Gas Salcs Manuals’ for TGTDCL are not followed
properly. Generally the customer shows their gas uses lower than the actual demand by
submitting false papers or documents. Sometimes they do this in collusion with the
official related with the load approval or gas connection. So alter approvals of this less
amounl gas, customer meet up Lheir excess gas demand by gas pilferage through illegal
handling of meter, regulator or any other equipment or an itlegal by pass connection. This

is a vital issue ur Mactor for system loss.

7.1 It Domestic Un-metered Flat Rate Turiff Base

TGTDCL introduced domestic gas metering system in FY 1985-86 and about 70% of

doniestic consumers existing at that tume were brought under the system. But the system
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was praclically discontinued within the next couple of years due to various technical and

social tcasons.

Doniestic consumers eventually continued to pay their monthly gas hitls on the existing
Aal Tale tan (T system reviscd vear to year by the government. There were always (wo
oplions availablc for domestic users in flal rale tanfl system; single and double bumcr.
The gas tariff set by government from time to time for flat rate billing system has always
been based upon some estimated monthly pas consumption rate. Different studies show
that this estimated gas is less than the actual uses. Due o this flat rate Lhe customers do

not close their burner after finishing their cooking. This practice increases system loss.

70 1 Meter Calibration And Service

Il gas meters arc not calibrated at regular interval in [icld or workshop as per the approval
of the manufacture then it can create messurement ermor. In a meter calibration system the
calibration facilities should be of primary standard. This should be very accurale, modern
and less fime consuming. This should be able 1o resist all types of mterference and
arliculation. The calibration facilitics in our existing system are very old, inaccurale and
manual. Tn this calibration system there are chances for the calibrator to arliculale the
accuracy of the meter. Sometimes dishonest official in collusion with the customer shows
inaceurate meter as an accurate one, So delinguent customers are not getting punishmaent
lor gas pilfcrage. This has a strong effect on system loss. Under (bird natural gas
development project TGTDCL mstalled two computerized meter calibration bench in
2002. But at present, TGTDCL is using the old manual system though computerized

modem meter calibration sysiems arc available.

7 1.12 Non Registration Of Pressure And Temperature

In a TGTDCL customers RMSs pressurc pauges are used to read the metering pressure
and there are no {emperature reading devices. With this pressure gauge it is not possible

to record or store pressure pennanently. So in TGTDCL system there are no facilities lor
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registralion of metering pressurc and temperalure. The customer always uscs gas at &
higher pressure than the contractual pressure. So there are chances ol gas pilferage for the

customer. This is a vital issue for system loss.

7.1.13 Gas Theft Or Pilferage

(as theft or pilferage is the highest component of system loss. There are a number of
indipcnous ways that arc applied to thel gas by the dishonesl customers. The ways or

methods used by the customer for gas pilferage can be wnillen as:-
a}) Durcet handling the meter index or meter.

{i} Slowing the meter index by unauthorized handling.

(i}  Changing the gcar train thus permanently slows the meter.
(iiiy  Lowenmng the meter reading by reverse rotalion.

(iv}  Changing the mcter index.

{v} Interference the meter index with any other ways.

{v1)  Changes the meler installation direction.
b) Tampering the regulator or pressure gauge or both of them to use gas al higher
Pressurc.

¢} To crcatc an obstacle 1n recording the gas use by interference the RMS

pipeliftings etc.

d) Meter readers record Jower meter reading than ihe actual uses in collusion with

the customers withoul handling the meter or meter index.

e) Unauthorized by pass usage.

7.0 14 Leakage

Loss through leakage from the distribulion piping system can increase system loss.

Pipeling that has installed a long timc ago have chance of lcakage. If the cathodic
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protection syslems are not checked at a regular interval then the chance of lcakage

enhance. This is also a strong component ol system loss.

7.1.13 Venting Through Relief Valve

Somelimes pascs are vented through the relief valve when the gas pressure jvcrease and
cross the set limit. This situation arises in the CGS, TBS, DRS and cusiomer RMS at the
lean hour. During the time of Edul Fitor and Edul Azha or any other feslival day, friday
and cvery day after 1;00 AM to 5.00 AM gas demand decreases. In this penod there may

have chance of gas losses [hrough venting,

7. 116 Comversion Process

In gas caleulation process sometimes (here necd to converl the unit from metnc syslem to
British system. So, if proper conversion faclors are not use then there may have chance to

increase system loss.

7.4.17 Aecounting Procedures

There may have chancc of increase system loss if proper accounling proccdures are not

use in calculating gas uses, bill preparation and payment.

7.1.18 Rilling Cyele Effect

Bilting cyele is the tine pertod between subsequent bills . Duration of this billing cycle is
onc month. The time frame of this billing cycle starls from 21 day of a month to the
22nd day of the next month. At present in TGTDCL system there is no SCADA or tele-
metering system for colleetion of meter readmg {or system input and customer billing.
Meter rcadings are collected manually. So there may have chances of intentional erroc or
unsble 1o collect meter rcadings with in this time frame due to shortage of manpower.

Becausc a huge number of cuslomers readings are not possible to collect at a lime wilh
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the existing mannal meter reading collcction system. As a resull meter readings are
collected at different tme or days. So some of the reading are morc than onc month
duration olhers become less than onc month. This inconsistent meter reading collection

lncreases system loss.

7.0.00 Pulee Lass

Somelimes gases arc losses through the vent line of the regulator pilot or any other

mstrments,

7.1.20 Pulsation Effect

Pulsation crealed by flow conirol valves, regulators and some piping configuration may
cause significant error i gas (low measurement. Pulsation towards the direciion of flow
increases flow wherc as pulsation to the opposile of the direction of Mow decreases the
flow. The cffects of Pulsation in a transmission system are described in chapter — 6 of this
study. The cffect of pulsation in a distribution system are ihc same as transimission

SVSIES.

7.1.21 Third Party Damage

Sometimes third party damages meters of CGS, TBS, DRS or CMS. Third party darmage
is a ercat harde] for system loss caleulation becausc frue gas input is nat pessible to
calculate during this time. Third party is 4 non identify person. So third party damage is a

strong, factor for system loss.

7.1.22 Un-Metered Usage

Sometimes customers use un-metcred gas duc to actual or intentional damage of flow
meter. The domestic uses are also un-metered in our country. Sometimes meler of the

CGS, TBS, DRS are also damage or under sized then the input gas can not be measured
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or accounted. So un-metered usage is a strong factor for system ioss for a distribution

system.

7.1.23 Regulating And Metermg Station Performance

Performances of the Customers Metering Station (CMS) also have a strong cifecl on
measurement and operation. Tf the regnlators of the CMS are in faulty operational
conditions then the customer can use more gas, At the time of regulator re-setting there
may have chance to take gas al higher pressure by the dishonest custoruer in collusion

with the officials of TGTDCL.

7 1.24 Absence Of Regional Wise Accountubility

The wnput stream of TGTDCL are not isolated region or area wise s described in table -
9.b. So. it is not possible to calculate the area wise mput of (he melro Dhaka sales office

and regional sales office. So there are chances (o gas plfer.

All the Tactors those are discussed above have a strong effect to increase system loss.
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Accounting

Procedures
Billing cyele effect
Theft Venling
Meter accuracy

Conversion process hird Parly damage
Pressure eter runge ability
meorrectly
reported Gas Dnstribution Syslem Metcr sizing

\ Fixed Temperature
Leakage Factor

DPilot loss

Pressure Oxed faclor
Meter calibration

and servicing Un-metered usage

Meter reading error

Incorrect]y reported usage

Figure 7.1: Contnbuting {actors — System loss for a Distribution System
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CHAPTER -8

SYSTEM LOSS, MEASUREMENT UNCERTAINTY,
CALIBRATION AND TRACEABILITY

In the design, calibration and opcration of a gas melering station there are a number of
very importanl criteria, which must be comsidered te keep the system readings to a
meaningful stage. Minimal uncertainty of reading associated with the denved results is
also desrable. Measurement uncertainty, methodology, and traceability of calibrations
and refercnec standards are alse very important to study system loss, The [ollowing terms
are quoted from “Gas Flow Measurement, Quality and Control” by GASCOR Consulting

International, Australia (Reference — ).

8.1 Measurement Uncertainty

In 1978, the lack of imtermnational conscnsus on the expression of uncerlainty In
measurement,'the world highcst autherity in metrology; the Commitice Intemational des
Poids et Measures (CIPM), request the Bureau International des Poids ct Measure
(BIPM) to address the problem in conjunction with the national standards laboratories
and recommendalion. From the resulting work, the following definitions were adepted

{Rcference — 9):-

8.1 I Measurement Uncertainty Definition

Measurement Uncerlainty is defined as a parameter, associated with the result of a
mcasurement that charactenzes the dispersion of the values that could reasonably be
atiributed o the measurand. The measurand is the quantity to be measured. Measuremont
Uncertainty encountercd within a gas measurement process can bc summarized as

follows:-
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From the above delhution, it can be stated thatl the uncerlumty 1s an estimate
characterizing the runge of values wilthin which the true value of the measurand

lies.

Any uncertainty value quoted should give a statement as to (the probability of the

true value lying within that range.

Uncertainty is made up ol two types of error, namely

- Random crror, and

- Systematic crror.

A random error is the result of a measurement minus the mean that would result
[fom an infinite number of measurements of the same measurand carticd out
under repealability conditions. It has to be appremated that because only a finite
mumber of measurements are normally made, the value of the random error

determined must be taken as an cstimate.

A systematic crror means Lhat would result from an infinile number of
measurcmenis of the same measurand carried out under repeatability conditions
minus a true value of the measurand. The systematic error can be regarded as the
bias of a calibration. The variations in mcasurement unceriainty are shown in

Fipure 8.1 and 8.2,

Errors from pressure, temperature, gas density, detennination ol compositon,

installation condilions etc. can also afTeet the overall uncertainty.

Manulacturer dala on a particular transdncer cannot be directly refated to the feld

result, This is because installation condilions have not becn aceounted fir,

In the definition given previously for random and systemalic error, repeatability

condilions are referenced. There lends to be some confusion in Now measurement and

wn particular with respect to fMlow meters, with respect to (he understanding and

application of the term repeatabilily. In many cascs it should be referred to be

reproducibility. The following definitions will help explain this statement.
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Figure E%,lz Variations in Measurement Uncertainty (Courlesy GASCOR Consulting
Intcmational, Australia)
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Figure 8.2: Variations in Measurement Uncertainty (Courtesy GASCOR Consulting
International, Australia)
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&.1.2 Repearability

This is closeness of ayreement between the results of successive measurcments of the

samc mcasurand camed oul unider the same condilions of measurement.

It 1s important to understand that repeatability conditions arc:-

‘The same measurcment procedure.

- The same observer.

- The same measuring instrument used under the same eonditions.
- The same location.

- Repetition over a short period of time.

8.1.3 Reproducibility

Reproducibility is the closcness of the agreement between the resulls of measuremnents of

the same measurand camed ouf under changed conditions of measurement.
The chanped conditions of measurement may include:-

- Principle of measuremenl,
- Method of measurement,

- Ohbserver,

« Measunng mstrument.

- Referenee standard.

- Location.

- Condition of use and

- Time.

The crror of measurement 15 the result of a measurcment minus a true value of the
measurand. The random error 15 equal 0 error minus sysicmatic crror. The systematic

error is equal to crror minus random error.
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As can be seen there are clear differences bebween repeatability and reproducibility. As
an example of application; a meter nanufacturer will supply a calibration cerlificate with
a meler, This certificate will usually state a repeatability value for the given calibraticn.
The end uscr of the meler then perform a calibration on thal meter, there will be
reasonable chance that we will not get a value within that the manulacturer has staried.
Tlus because the calibralion conditions are at a different location, different time, different
operator and most likely a different principie of measurement will apply. There could
also be number of other vanabens m aclual fact that have o perform a calibration under

reproducibility results.

8. 1.4 Measurement Calibration

Calibration 15 defined as the comparison of a measuring instrument, with specified
ielerances but an undetenmined accuracy, to 8 measurement standard of known accuracy
for the purpose of determining and/or eliminating by adjustment any out of tolerance

condiligns.

The use of an un-calibraled nstrument creates the potential error in measurement and
resullant emmoneous conclusions and decisions. It is calibration that provides confidence m
measurement and assurance that an instnuncnt has the aceuracy required maintaining and

producing or processing within specifications.

IFor calibration to be meaningful there must be some prior understanding of the vanables,
which nced to be mcasured, and the unceflainty of measurement, which hag to be
maintaincd. OF course it 15 ol litlle use making a statemnent of the culibration conditions
required if the device being calibrated cannot hold the required level of measurcment

uncertamty due Lo poor resolulion, zere drifi or range.

The standard or reference device nsed in any calibration must have a lower measurement
uncertammty lhan the device being calibrated. The most coimnon method for estimating
overall system measurement uncertainty is to caleulate the root mean square average

using the uncertainty values for each idenlified parameter 1n Lhe lolal measurement
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International standard

National standard

Transfer

slandard

Laboratory standard

Element to be calibrated

Internaiional slandard

(Lower accuracy)

Mational primary standard ku.

{Lower accuracy)

Pressure balance

Dead weight tester

{Higher accuracy and precession)

Pressure transmitter

(Higher accuracy and precession)

Figure 8.3: Example of a sunple calibralion chain.

system. For cxample let a measurcment value, say W, be made up of three contributing

vanables X, Y and Z. Letl the uncertamly of measurement {or each of the variables be +

Ax, £ Ay and £ Az, Then the uncertainly in Aw will be

£ aw={{ar) +(ay) +{az [’

If we assign values to Ax, Ay, and Az of say 0.5%, 0.1% and {1.2% the following resuit

will apply to AW

+aw=[04) +(0.1) + (027 ]

= (020"

=+ 0.458%
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For onfice meter using three pen charl recorder

.3

+ Accuracy =|(1.00) +(0.5)° +(1.00)" +(0.50)’]

+ Accuracy =11 7%

8. 1. Measurement Traceability
From the Figurc 8.3, It can be scen that

I} For a transducer performance statement to have any real meamng, the calibration

must be relerred back to a standard.
) Stimdards applied are usually Nationai or International Standards

11} The traceability describes how the fransducer/meter calibration can be related to

ihe given standard.

1V} Each scparate calibration or reference system in the calibration chain adds morc

unceriainty.

Generally, a testing laboratory will lest to a reference standard, or transfer standard, that
has a leve!l of uncertainty of about 3 to 1{ umes less than that of the required uncerainty
of the transducer being tested. Therefore, if we were calibrale a pressure transmitter to an
excepted level of uncertanty of £ 0.3% then the dead weight tester would be expected to

have an unccrtainty of reading of about £ 0.05%,

The ealibration chain for gas flow meters, including developments in reference standards,
has undcrgonce considerable development over the past few years. The levels of
uncertainty ol calibration at cach stage of the calibration chain used by the Netherlands
Measurement Institute are shown m Figure — 8.4, This is a more traditional calibration
facihly with the iransfer metering system referenced to a bell prover. More recently
commissioned (low calibration Tacilitics arc utilizing critical low nozzles and gyroscopic

welghing lanks, Other alternatives are the application of porlable volume provers.
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8.2 Case Study — I {(System Loss)

The system loss is that porlion of the gas purchased that is not accounted for by salcs,
transfer, and company own use or otherwise accounted for. System loss can be detenmine

by two process

(I From the operational figures

(II}  From the sales figures

Finally a comparison can be made from these two fipures.

&.2.1 System Lows Calendution Procedure

The Gas purchased by the cempany and sold to different sectors has begn examined for
the year 2002-(13 for the pumose ol thig project. The net throughput of gas, which is cqual
to gross purchase minus company’s own use for syslem operation in the company’s
iransmission system for the twelve- (12) months of FY 2002-03, have been recorded. The
siles 1o power and fertihizer sectors were deducted from the month wise net ibmoughput
amounts and ihe remainder obilained by tlus Netting Off Method (NOM) was considerad
anc basis lor the total input to the non-bulk sector compnsing industrial, commereial and
domestic customers. A Source Summation Method (SSM) adding together all [low
through different CGS, TBS and DRS also calculated the imput to the non-bulk sector.
The sum of all sources under the 558M 15 found o tally with the figures derived fom the
NOM (Appendix — A). The overall annual difference between the two methods is found
to be well within 2% of NOM figures.

& 2.2 Resulis
Trom Appendix — A

(ross systern loss is 8.28%: of net throughput and it is 24.08% of non-hulk input.

Estimated technical foss iz 1.23%.
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Deducling the inconsistent domestic tariff base and technical loss the net system loss

become 6.69% of nct throughpul. And itis 19.47% of non-bulk input.

8.2 3 Misctssion

1} Line packs and change ol line packs are not included in the system loss

caleulation procedure.

2} Ungertamly of measuring mstruments and meters are not included in the system

lass calculation procedure.

3} Purges. leakage and vented gas arc also not properly measured and included m the

svslem loss calculation procedure.

4} Own uscs of TGTDCL are not recorded properly due to absence of measuring

instruments in some location.

Systemn loss caleulation 1s very imporiani for the company to avoid loss of revenue and
smooth operation of the system. Presently system loss is calculated on monthly and
yearly basis. But to reduce system loss closc monitoring is needed to collect all the meter
readhing and related data. And system loss ean he calculated on daily basis or al leasl on

weekly basis. Speed in data coliection process is also necessary

8.3 Case Study — 11 (Measurement Uncertainty)

Mcasuremenl Uncerfainty analysis is a numcrical, cobjective; methods defnmg the
potenlial error existing in all data. Knowledge of uncertainty 1n any measurement is

crucial to understanding cither the state or ils performance.

In measurement Unccrlainty analysis, errors are considered te be precision errors and

bias errors. Precision or random error 1s that component of a mcasurcment that is
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unknown, but with repeated measurements, it will chenge in a random fashion.

Systematic eirors or bias are constant in the sense that this affects every measurement,

As any measurcment has some uncertainty associated with it, this level of uncertainty
must be accounted for and fully appreciated if a meaningful study 18 to be madce for the
irangmmission and distnbuiion sysiem UFG value. The volumetric measurement of Natural
(as (NG} is complex due to the dependence on the accurate measurement of pressure,
temperature and composition. With each measurement and calculation process required

there will be associated random and systematic errors.

8.3.1 Application Of 4 Simplified Transmission System

To illustrate the random and systematic crror, let us consider the simplified transmission

system as shown 1o Figure — 8.5,

Gas Supply Point
istribution  |g
Sales Foml 4 1
- Disinbulion
Sales Poant i 2
Distribution
Sales Pount 4 3

Figure 8.5: Sumplified {ransmission system
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With roilercnee to Figure - 8.3, it will be noted that the given mode] has onc single source
of gas supply and three mmdependent outlel ponnts, which could be the supply to a
distnibution network. For simplieily, all four metering points arc fitted with the same type
of flow metenng device; 1n this casc orilice plates. It is assumed that all pomnts also have
compensalion [or Nowing temperature and actual gas composition as well as diffcrential
pressurc and static pressure measurenient instrumenis wiih all calibrations having full

traceabiliry to a standard, Therefore, the measurement process has high accuracy.

The uncertainty of measurement associated with an omlice plate systan is well
documcnted and proven. with publicalions soch as the Iniernational Standurds
Organization IS0 5168 “Measuremeni of fluid [tow cstimation of uncertainty of a Now
ratc measurcment”, giving very comprehensive details on how to compute the necessary

uncertainty of measurement (Reference — 107,

Il can be shown that the uncenainty of measurement assecialed with a correctly sized
single orifce plate installed in accordance with international standards such as AGA -3
or IS0 5167 would be the order of + 0.8%. By placing a number of orifice plates in senies
operalion, this uncertainty value can be reduced due to the nfluence of commen

uncerlainties on cach orilicc plate.

For the transmission systemn shown in Figure — 8.5, let the pas supply point {Gas Field}
has a metening faciliies with three onlice plates operating in parallel. The uncertainty of
volume [low mecasurcment for the station is taken as * 0.55%. For distnibution sales
points numbers 1 and 2, let the melenng be a single orificc plate with associated
uncerainty of volume measurement being + 0.82%. Finally for the distmibution salcs
point 3, let there be dual purallel onlice plates in scrvice resulting in a measurement

uncertaimty of £ (.63%.

[rom the above infonmation, the systern measurement uncertainty can be caleulated and

applied to the unaccounted for gas of a distnbution system.

Assume the following nominal flow rates per day:
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Iy Tnlel supply point — 100.000 SM’/day

11) Distribution sales point # 1 — 20,000 SM*/day
1lI)  Distribution salcs point # 2 — 25,000 SM/day
IV)  Distribution sales peint # 3 = 55,000 SMafda}f

The uncerlamtly of the miet gas supply point 1s

L]

Where,

¢qin = Inlct measurement uncertainty

Gin = Flow at measurement point

> g = Summation of all outlet flow,

Therefore, uncentainty of the gas supply point is

_{0.55)" of 100200 2
' 100,000

=+ 0.55%

05

Uncerlainty for the disinbutlion sales system will be

= 2 SLE
—[(0.82) <[ 22200 ) (0 2yt of 230N (g g3t 4 32,000
100,000 100,000 100,000

=[01.0269 + 0.0420 + 0.12011"° =+ 0.44%

System uncerlainly for unaccounted gas will be
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= [0.55* +(0.44) |
= £0.70%

Al present, measurement uncertamty is not accounted for m the system loss calculalion
process of TGTDCL. But for any measurement system there must have some uncertainty

associated with it. So this should be included in the syetem loss calculation proccss.
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CHAPTER -9

GAS METERING

To study the system loss of TGTDCL it is very important to know the existing metening
system1 of the company. Both administralive and technical activities are the view of this
study. Identification of short- comings of the existing melering system 15 also important
o diaggnosis the problem, Appropriale measures can be undertaken from this diagnosis.
The meter used by customers and the activity of the various depanment related to gas

melenng 1s also discussed in this respect.

9.1 Existing Metering Systemn

Mctering and Regulating Department and Transmission Depariment arc rclated to meter
selection, installation, calibration, maintenance, seal and new meter procuremenl. These
two department works under operation division. The head of this division 15 Operaiion
Dircctor. The two depatment heads are designated as Deputy General Manager. Fach
department subdivided to scction and cach section is subdivided to sectors. These are

shown in organeperam (Figurc = 9.1).
Munagmp Direclor

COpcration Division

l

l

Transmission Metering and Distribution Elcctrical and
Department Rcgnlating Depariment Mechamical Engy.
Depariment Service Department

Fignre — 9.1: Organogram of operation Division of TGTDCL
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Q1.1 Aetivity Of Transmission Departiment

Transmission department works under operation division. This department purchases gas
frem vanouws gas field and gas (ransmission company to sale it to bulk customer through
Bulk customer RMS, and supphes the rest to distribution system through various CGS,
TBS, DRS and RMS. This depariment 15 hable for operatton and mamtenance of vanous
transmission lings, valve stalions, bulk customer RMS, CGS, TBS, DRS and BRMS. List
of bulk BRMSE, CGSE TBE, DRS and RMS arc shown in Tables — 9.1, 9.2, 93 and 9.4
Since Ums department purchases gas from wvarious gas lields and pas transmission
company 50 they also monitor daily pressure, gas flow and maintain a log sheet regarding
pressure and Now for daily systemn balance. Operation and maintenance of various type of
BMS and procurement of the spare pars, cquipment, meters and materials for the
lransmnission system are also the activity of transmission department. Collection of
condensate from various staticns and transfer the same to Padma il Company ihmough

CAITYNIE coufractor is also the activity of transmission depariment.

9.1.2 Admmstrarive Reform OF Transmission Department

Transmission departinent works under operation division. The head of the operation
division 15 designated as opcration director. And head of the transmission deparunent
designated as deputy general manager. Thig department is subdivided mto five sections.
The head of cach secuion designated ss manager. Each section also subdivided into
seclors. And head of cach seclors designated as sector In-charge. The Organogram chart

of lransmmssion department (Figure — 9.2) 1g attached in this respect.
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Table — 9.1; Gas Purchasc Point

S1. No. Descniplion Meter Uscd
A BGFCL (Bangladesh Gas Field Company Lid.)
Al Habiganj Gas Field, Habiganj Onfice Meter
A2 Titas Gas Field, Loc - 1, B. Baria Orifice Meter
Al Titas (Gas Ficld, Loc — 3, B. Bana Orifice Meter
Ad Narsingdi Gas Field, Narsingdi Onfice Mcter
B. GTCL ((GGas Transmission Company Ltd.)
B.1 Ashugan) Gas Gathering Station
a}) To V5 -3 lo APS RM3 QOrifice Meter
h) To B. DBasin region ol greater Onhce Mcter
Mymensingh area
B.2 GTCL Metering Station at BKB Gas

Field, Bakhrahad

Orifice Mcter
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Table — 9.2: Trangmission Sales Point To Power Development Board (PDB), TPP &

Captive Power Producer

81, No.

Description Meter used
A PCBH

A.l. | Ashuganj Power Station (APS) Unitno. 1 & 2, | Turbine Meter, G — 1000
Ashuganj, B. — Baria

A2 Ashugany Power Station (APS) Unit ne. 3, 4, 5, | Turbine Meter, G — 4000
Ashugany, B. — Bana

A3, | Ashuganj Power Stalion {APS) Umit no. Ace | Turbime Meter, G = 1000
[(90 + 60) MW] Ashugani, B. — Baria

A4, | Ghorasal Power Station (GP'S) Unit no. 1 & 2, | Turbine Meter, G — 1600
(Ghorazal, Narsinpdi

A5, | Ghorasal Power Station (GPS) Unit no. 3, | Turbine Meter, G — 2300
Ghorasal, Narsingdi

A6, | Ghorasal Power Station (GPS) Unit no. 4, | Turbine Mcter, G = 2500
Ghorasal, Narsingdi

A7, | Ghorasal Power Siatuon {(GPS) Umi no. 5, | Turbinc Meter, G~ 2500
(Ghorasal, Narsingdi

A8, | Ghorasal Power Station {GPS) Unmt no. 6, | Turbine Meter, G — 2500
(Ghorasal, Narsingdi

A9, Haripur Power  Station (HPS), Haripur, | Turbine Meter, G - 2300
Naryangang

A.10. | Shiddirganj Power Station (SPS), Shiddirgan), | Turbme Meter, G - 1600

Maryangan

Contd.
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Contd. {Table — 9.2}

Description Meter used

B TPT
R.1 RPCL Power Station, Mymcnsingh I'wo Turbine Meter, G-1000
B2 NLPC Power Station, Hanpur, Narayangan) Onfice Meter
B3 AES 360 MW Power Slatwn, Hanpur, Narayanganj | Orifice Moter
B4 ATS 450 MW  Power Slation, Meghnaghat, | Orifice Meter

Naravangan]

C. CAPTIVE POWER
C.l Meghna Energy 10 MW, Power Plant Turbine Meter, G — 400
2 Madhobdi REB 10 MW Power Plani Two Turbing Meter, G630}
.3 Ashuha RER 10 MW FPower Plant Two Turhine Meter, G-650
C4 Rahim Steel 20 MW, Power Stalion Two Turhine Meter, G-1000

Table — 6.3: Transmisston Sales Ponl le Ferlihizer Factory
S1. No. Description Mcter Uscd
i Zia Fertilizer Factory Ltd. (ZFCL), | Turbine Meter, G-650
Ashugan), 3. Baria
2, Urea Fertilizer Factory Limited Turbine Meter, G-1600
{IUFFL), Palash, Narsingdi
3 Palash Urea Fertilizer Factory Ltd. | Turbine Meter, (G-630
(PUFFLY, Palash, Narsingdi
4, Jamuna Ferilizer Factory Ttd. Turbine Meter, G-2500

{IFCL), Tarakandi, Jamalpur
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Table — 9.4: Off Transrmssion Custody Transler Point

Sl No. Descriptions Meter used for Gas
Metering
01 B. Bana TBS cum DRS Turbine Meler
02 | Ashugani TBS cum DRS at V'S-3 Turbine Meter
03 1. APS Domestic Turbine Meter
2. 7FCL Domestic Turbine Mcicr
3. Ashuganj Local {from APS) Turbine Meler
04 B. Bazar TBS cum DRS Turbine Meter
05 | Narsingdi DRS Turbine Meter
U6 Madhobdi TBS cum DRS + Turbine Meter
(07 | Madhobdi DRS R.M Steel Mctering run Turbine Meter
08 (Ghorasal TBS cum DRS at GPS RMS Turbine Meter
09 UKFL Domeslic Turbine Meter
10 |¢) Tarabo TBS cum DRRS Local Turbine Meter
d)} Tarabe TBS Lakhen Khola Linc Turbinc Meter
e} Tarabo TBRS Kanchon Line Turbine Meler
I1 Haripur TBS cum DRS to Rahim Steel Turbine Meter
12 | Haripur Power Station Domcstic Rotary Meter
i3 i. Shiddirpanj TBS -1 Turhine Meter
1. Shuddirgam TBS - 2 OUntfice Meter
14 Shiddirgan) Domesiic {(Power Slation) Rolary Meler

Contd.
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Contd. (T'able 2.4)

S1. No. Descriplions Meter uscd for Gas
Melenng
15 Demra Bun — 1 {Tejgaon) Turbine Meter
Dermra Run — 2 (Postogala) Turbine Mcter
Deamnra Run Dhania § | Turbine Meter
16 |Joydevpur CGS Complex
a) Joydevpur DRS (Local supply) Turbine Meter
b) Jovdevpur Tangail Line Tutbine Meter
¢) Joydevpur Tongi Line Turbine Meter
17 Dhanua TBS cum DRS Turbinc Mcter
18 Bhaluka M&R Station Turbine Meter
19 Trsal M&R Stalion Turbine Meter
20 | Mymensingh M&R Station Turbine Meter
21 | Netrokena M&R. Station Turbine Meter
22 Kishoregon) M&R Station Turtine Meler
23 Elenga M&R. Station Turbine Meter
24 | Jamalpur M&R Station Turbine Meter
25 Sherpur ME&R Station Turbine Meter
26 Tarakandi Jamuna Forilizer Factory | Rotary Mcter
Domestic
27 Ghatail M&R Station Turbine Meter
28 Gafforgaon M&R Station Rotury Meter
2% | Elenga TBS to Parchim Anchal Gas Co. Turbinc Meter
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Transmmssion Departmeni

l
b b b

Central Load  Transmission Transmission Transmission  Transmission
Dispass Section Seclion Section Section
Mymcnsingh Ashuganj Dhaka Ghorasal

Voo

Ashuganj B. Baria

Seclor Secior
RPCL Tara- Mymen- Bhaluka  Demra Shonargaon  Joydevpur
Scctor  kandi singh Sector Sector Seclor Sector

Scctor Scetor

Figure — 9.2 Orgmogram Chart of Transmission Deparimeni

9.1 3 Meter Used In Transmssion Department

In TGTDCL transmission syslem al preseni onflice and (urbine melers are used for gas
measuremeni. The purchase pont and counier check meters are orilice meter with three-
pen rccorder as a sccondary device for pas calculation. Now a days flow computers are
installed for cross checking. For bulk customers like power and fertilizer, captive power
producer, CGS, TBS, and TBS cum DRS turbine meters are used for gas metering. For
IPP customers orifice meters are used as a billing meter with three pen chart recording
and bills are produced manual calculation. Also flow computer, are used for cross
checking A table regarding meters used in transmisston depariment is attached there with
{Table — 9.3).
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Table — 9.3: Meter used in Transmission Department for purchasing and saling gas

S1. No. Locations Meier Type Remarks
01. Purchasc point of Gas QOrifice Mcter with Manual gas calculatien
Field mechanical chan mcthod (s adopted also
recorder computcrized facilitics in
sorne locations
02, Counter metenng Orificc Mcter with Manual gas calculation
Stations of purchase mechanical chart mcthod is adopted also
point Tecorder computerized facilitics in
some locations
03 Custody transfer Point Onfige and turbine Computcrized gas
of gas Transmission type gas meter with calculation method, Manual
Company Ltd. (GTCL) flow computer check can also be provided
04, Bulk customer RMS Turbine Type Gas Compulenzed gas
like power and femilize Meter with Flow calculation also manual
Regulating and Computer check also can be provided
Metering Slation
05. Individual Power Onfice Meter Manual gas caleniation
Producer methed 15 adopted.
Computerized facilities also
available
{6, Small Scale Power Turbine Type Gas Manual Gas calculation
Producer Meter method is adopted.
a7. City Gate Stations Turbine Type Gas Manual gas calculation
Meter method is adopted
computerized also available
08. Town Border Stations Turbine Type Gas Manual gas calculation
(TBS) Meter methad is adopted
(05, TBS cum DRS Turbince Type Gas Manual gas calculation
Meter method is adopted
10, Metering and Turbinc Type Gas Manual pas calculation
Repulating Stations Meter mcthod is adopted
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9.1.4 deiivity Of Metering And Regularmg Depariment

Metering and Regulaling Departinent works under Operation Division. This department
supplics gas to domestic, corumercial and industrial customers through DRS and CMS
from the gas inputted to the distribution nelwork through vadous CGS, TBS, TBS cum
DRRS and BMS of Transmission Depanment. This Depariment 15 liable to operation of
various of distnibuiion DRS and CMS. Five sections works under this department. The
activity ol each seclions 15 shown in Table — 9.4, in this respect. A orgranogram charl

{Figurc ~ 9.3), also atlached herewith to show the adminisirative activity of cach scetion.

Metenng and Regulating Department

|
Lo Voo

Customer Customcr

Metering scetion Metering Section  Metening Section Mctering  Metering Section

Meiro Dhaka {Regional scrvice) Systemn control Sectton  Fabmcativn work-
Scaling  shop & Mewr Testing

Figure — 9.3: Organogram chart of Metering and Regulating Department
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Table — 9.4: Activity of Metering and Regnlating Department

51 No. | Name of the Section Activity
01. Systemn Control Opcration and maintenance of various off distribution
DRSS, Design new DRS or Customer and Mctering
Station (CMS).  Material procurement for off
distnbution DRS and CMSs.
2. Sealing This scction is liable for scaling thc new meter.
Checking or testing the previous seal and rescaling.
3 Fabocahion work The fabncation of off distnbution DRS and Customer
Shop and Meter Metering Stations {(CMS) are the activity of this
Testing scction.  This  scetion  also  test  industrial  and
commercial meter.
4. Metering Seciion The aclivily of this section is to regulate and meter
Metmo Dhaka Customer Melenng Stauon {CMS) of Metro Dhaka
area. Installation of a new CM5. Regulator satiling,
Installation or meter change
3. Metering Section | The activity ol this section s lo regulate and meler

Regional Scale

Customer Mctering Station {CMS) of other than Metro
Dhaka arca. Installation ol a new CMS. Regulator

seltlg. Installation or meter change
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9 1.5 Merer Seleciion

In Titas (as transmission and distnbulion system gas meters are used on the basis of G-
rating. {5 rating is a standard esiablished by Orgamzation Tnternational de Metrology
Legal (OLML). Flow rate in cubic meter at line condition can be get if we multiply the G-
rating with 1.6, A table (Table —%.5) regarding meters selection is attached herewith for

simplicily of thig study.

Generally meters arce sclected on the basis of hourly load. As per approved load
Diaphragm Displacement type meters are used for metered domestic and commercial
type customers. Rotary and Turbine mcters are used for metering gas of industrial
cusiomer. Presently Rotary Meter is produced with G-raling from G-10 to higher rating.
Due lo compact s1ze 1otary meter is easy to installed in the customer yard, All most all
the domestic customer has 1o meter. They use gas on the basis of flat rate billing system
imposed by the govermment, Purchase point meters are orifice meter. Bulk users meters
are Turbine Meter. Some of the individual power produccrs (IPP) customers used Orifice
meler for gas billing as these type of metering i establish by their gas supply contact

with the TGTDCL.

9. 1.6 Teehmen! fnadequacy Of The FExisting Metering System

1. Meter s not protected and confined in the customer premises. So there are
chance to change the meter rcading by direct handling of meter or meler

index

2. Mecters arc not wnstalled comrectly according to G-rating or customer load.

Sometimes cusiomer uses more gas than the approved quantity.

3. There are some old meters that are more than ten years old. The acouracy of
these melers is noi wilth mn internationally accepted accuracy (+ 1%) range

THOW,
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Table — 9.5; Mcter Selection of TGTDCL

SL. No. | G-Rating of Meter Mcter Type Where Used
1. (i-1.6 ta G-16 Diaphragm Displacement | Domestic and commercial
Lype meter customers RMS
2. (G-25 to G-03 Rotary type meter Industnal custormners
3. G-100 to G-4000 Turbine lype meter Industnial, bulk cuslomer
RMSs (power and fertihizer
produced), Town Border
Siation {TBS8), Disinct
Regulaling Station {DRS)
4, - Orilicc meter Salcs and inlake metering
slation of Power and
fertilizer producer where
arilice metennyg 1%
eslahlished by contract
5. Un-metered Flat ratc Domestic customer
4.  There 15 no customer data- base about their used meter specifications or
dentity with sccurity system. And no sccured data- base is used for collecting
the meter readimg.
5. Since the RMS are not protected and confined in the customer premises, there

3.

arc a number of sensilive points from where there may have chance for gas

pilterage.

The exisling meter have no data storage {acility for hourly, daily and monthly

real gas uscs with pressure, lemperature with maximum and minimum value.
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1n.

11.

12,

Regional basis the gas wmpul-output 15 not selaled. So 1l s nol possible o
system balance for a replon with respect to that regional CGS/TBS/DRS or
RMS,

Inadequate scaling system with respeet to prescent socio-ceonomic condition.
S0 sometimes it is not easy W identify gas pilferage though the customer has

piifered gas by broken the seal.

Somctimes mcter arc not installed as per the internationally accepted standard
like AGA, IS0, ANSL, OIML ctc. So there may chance to commit a

MEASUTCITIENT SITOr.

Meters are not installed correctly according to G-rating or customer load.
Sometimes cuslomers in collusion with the dishomest eofficials reduce

contractual quaniity of gas but uses more than the contractual quantity.
Sommetimes seals are broken in collusion with the sealing officials.

Exsting old systemn of meler testing sysiem 13 inadequate. In (s syslem there

may have chance of bhasing the meter accuracy.

9.1.7 Problem Of Fxisting Meteving System To Resist Gas Piiferage

1.

Almost all the commercial and metered domestic customer has got a chance to

pilfer gas from the unscaled meter. Mainly this type of customer nse Diaphrapm

meter. So they can easily make a hole in the outlet manifold and create a

dishurbance to registered true gas Mow. Beswle this they adapt a number of
methed to pilfer gas like meter lampering, mterchangmng the nlel-oullet of the
meter by pass etc. Since this lype of RMS has ne shade so installations of

scelrity scals are not elfective.

Before mmstalling a new meter or to change an existing meter security scals are

put on varicns sensitive points. After completion of sealing if the meters are not
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preserve at least one day to solidify the cold metal (Turbo-mectal, Dur-metal)

then 1l beeome vary easy o remove the seals.

3. Though meters are preserve in the workshop for solidification of cold weld
metal sometimcs customer speni a long tme to remove the imck paper seal and
cold weld metal vary anliculatcly, and afler pilferage of gas they repute the scal

with a guin like substance,

4. Sometimes seahing resealing of various points of a customer RMS are (o be
neaded aller replacement, mamlenance of 4 new or existing equipment hke
mcter replacement, regulalor resetiing, stramner changing ele. Durmg this nfield
sealing the dishoncst customer incollution with TGTDCL olTicials changes the

meter index or crate a permanent sysiem for gas pilfer,

9 1.8 Meter Calibrution

The meters of industrial commercial, TBS cum DRS arc still calibrated with the old
transfer prover meter testing sysiem installed long ago-though under Third Natural Gas
Development 'roject a compulenzed calibraiion system has already been installed m the

company al Demra office premises,

9.1.9 Coflective Burguaining dgent

Colleclive bargaining agent plays a strong role in the activity of Metenny and Regulating
Department. Sometimes they biased thc meter testing result. In collugsion with the
dishomest customer they create a gas pilferage atmosphere and from there they income

much money.
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9.2 Improvement Of Existing Metering System

The existing metering system administrative reforms of various department relating to

gas metering and activity of it are discussed in this chapter previously, The madequacy of

the existing metering system and problem to resist gas pilferage are also discussed. Now

a discugyion will be held on the improvement of the cxisting metering system.

$.2.1 Actions For improvement

The existing metering system can be improved by:-

1)

2)
3)
#)
5)
6)

7)
8)
9)

Installing an electrome device such as elecironic volume corrcetor, data logger

of an electronic flow computer.

Installing a Cabinet type RMS.

Using a flow restnictor or sonic nozzle in metenng runs.

Decreasing the possible pilferage pomni as muinimum as possible.

Installmg g dual chamber stramner.

Installing custody transfer meler with hgh accuracy repeatability, rangeability
and reliability.

Killing the purging and pressure tapping point of service line.

Permanently killing the abandoned niser.

Installing customer mtermal service line above the ground,

10} Using the newly installed calibration {acilitics under TNGDP.

11} Application of information tcchnology

12} Installing Tele-metering or SCADA system.

9.2.1.1 Installing An Elcetronic Deviee Such As Electronic Volume Corrector, Data

Logger Or A Electronic Flow Computer

Prior experience says that a good number of customers are involved in ges pilferage with

different ways. In downg this they use so many indigenous ways thal it is dilficult to

133



identify. If it is possible to install a electronic metering device with the existing and new
customer meters then the dishonest customer will not be encouruged because of the
double remsiration system by mechamcal and electronic mdex. Besides these with this
electronie devices it 1s possible lo log, store and analyze (he gas usage. So it become very
casy to identily gas pillerage [rom the actual usage and gas bilt can be prepared from this

actual usage.

This device can record or stored a good number of data such as pressure, temperature
compressibility, uncorrected and eorrected volume flow rate, total volume at flowing and
basc condition and the maximum pressure, temperature and flowing rate with time
registration. So 1t will be very helpful to avoid the customers bill reduction application
regarding miminium pressure usage. But this system will not be frwiful if the whole
device is not installed with 1 a cabmet. The EVC can be secured by a two level securty
code, of which level — 2, operator level and level — 1, Engineer level The memery of
EV{ should be nonvolatile and non-erasable one and it is able to recognize unautherized

handling.

9.2.1.2 Cabinct Type Regulating And Metering Station

Cabinet type regulating and metering station can be mstalled in the industnal customer
premises, All the equipment of the RMS5 can be arranged with in a cabinet or box. The
“hox can be closed with a lock and key and eleciromeally with a two level secunity code.
Proper sealing system should be applied to avoid unauthonzed handling. If unauthonzed
entrance wilh i lhe cabmel can slopped then unauthonzed handhng of regulator,

pressure gauge, meler index and meter can be eliminated.

slandard RMS can be desigmed on the basis of hourly load and outlet pressure of the
commercial and indusinal customer. And accordmgly cabinet can be prepare with the

[ollowing:-

- Cabinct/Box should be compact and less welghted.

- Material should be cheep and available.
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- Eastly identi hgalion number of each cabinet,

- Meter, pressure gaupe and others devices reading should be visible from out side
the cabinet.

- Facility for easy removing of gas criginated from lcakage or in side the cabinet,

- Abihty of collecting infonmation from the outside of the cabinet without opening
the cabinct or remote facility.

- It will not hamper the maintcnance of the RMS.

More than one number of locking arrangement or system should be included with in an
industnal and commmnercial customer cabinet type RMS. One of them should be lock on
fime useable and not be able to unlock it without destruction itself. Beside this electronic
locking system with two level passwords can be obligatory. Off these two level one is
operator and another is supervisory. To open these cabinel both ihe two level code are
needed without any off them (he door will nol unlock. For additional safely magnelic

card or scaling system can be nged.

0.2.1.3 Installation Of A Flow Restnictor/Sonic Nezzle In The Meter Line

Moast of the cuslomers use gas higher capacity than the approved load. In doing this they
disorder the gas meter and shows low gas consumption by tampering the gas meter. It is
very hard to convict the customer for meter damage. Il we can install a restrictor or somic
nozsle down siream of the meter then this tendency of meter damage will entircly
dimimsh because it will not allow excess gas through the meter run. This will also
dimtinishes the tendency of the customer to approved lower gas load than the actual
consumpuion, Se it will be easy to control gas pilferage with more than the approved load
or at higher pressure. This can be obligatery for the customers using rotary/turbine meter

with G-rating G-40 or more.
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9.2.1.4 Deercastng The Possible Pilferage Point As Minimum As Possible

If there are some plug pomt m the mlet and outlet portion ol a customer RMS. Then it
become very easy to pilfer gas through a by pass connection between these plug point. So
ihe customer RMS should be design with no plug point and vent or opening or plug poamt

as minumum as possible. And an authorized person should seal every plug point,

9.2.1.5 Installation Of A Dual Chamber Siainer

Dunng ihe time of cleaning the strainer the customer pilfer gas in collusion wath the
officer and staff related to this work. If a single chamber stramner 15 uscd then the
frequency of this cleaning will be more. So it will be wise Lo insiall a dual chamber
Staincr in the customer RMS, At the same tiine cleaning class of the gas in the TBS, DRS

will Increase to minimize this offence.

9.2.1.6 Installation Of Custody Transfer Meter

To mimimize sysiem loss it is very much essential to install custody transfer meter with
high accuracy, low repeatabibty percentage high ramgeabilily, and reliability. Mcter

shoutd have custody transfer ecrtificate from OIML at the time of purchase.

9 2.1.7 Killing Of Purging And Pressure Tapping Point OQF Service Line

It is very umportant to remove the service line which has a purging or pressure tapping
point or if it is not possible to remove the pipe spool then it will be wise to kill the point
permanently by welding. In construction a new service line it will be wise lo keep ne

purging point.

136



0.2.1.8 Permancntly Disconnect The Abandoned Riser

Somctimes dishonesl customers pilfer gas from a abandoned riser by illegal connection.
Disconnccted customers uses gas illegally and continue their activities becausc it is not
known to the company. So the ahandonred nser should be discounected permanently to

reduce system loss.

9.2.1.9 Customer Internal Service Line

Customer intcrnal service line should be installed above the ground. If the service line are

installed under the ground there may have chance 1o by pass conneciion.

9.2.1.10 Using newly Instatled Calihration Facilities for Meter Calibration

Under Third Nataral Development Project the company has installed two compulenzed
low pressure and a high-pressure meter cabbration bench. These three benches are
equipped with very sophisticated instriments. And in this calibration system there are no
chances of biasing the meter calibration procedurc or accuracy. But our Meter test section
is now still usng the old manual caleulation transfer proving system. In thig system there
ar¢ chances 1o has the meter accuracy. So it will be wise to test the meter with the newly

installed mcter-lesting benches,

9.2.1.11 Apphcation Of Gas Sales Manual

To bring the congruity of connected load among the same ¢lasses of different customers
and keeping ihe dishonest customer aloof from pas pilfcrage the load approval or
reapproval should be made according to the gas sales manual of TGTDCL. All the

formalities and section of this manual should be properly apply for a gas connection.

137



9.2.1.12 Information Teehnology

Today 1s the age of computer and information technology. The world is very advance in
this ficld but TGTDCL is not still m (s stage. Most of the depariment of TGTDCL has
no computer. The metering, sales and regional sales depariment have no soft wire related

to customer data and informalion.

Application of information technology to prepare a customer data 1s very imporlant to

speed up the communication.

0.2.1.13 Tele-Metening

The cxisting metering system can improve by using remote metering or tele metering,

The main component ol the remole melening are as follows:-

a) Flow cormrector or computer (EV/FC)
b) ‘lelecommunication system {Mobile phone umii}.

¢) Central compuler systemn.
The advaniage of this lype of metering are:-

a) Prevent misuse ol cquipment,

1) Check on over speed of urbine.

2} Provide evidence when such occurred.

b} Yenfy contract execution.
¢) Automatically create customer hills.
d} Collect management information.

¢} Create tamper proof automatic checks by:-
1. Burglar alarm on door at the time of unauthorized handling.

i} Flow checks against customer profile.

g) Pressure check to protect agamsi by-pass,

h}) Tlow balance of all meters,

138



CHAPTER - 10

SYSTEM LOSS SPECIAL PROBLEM OF
BANGLADESH

To find out the contmbuting faciors in a distribution or sales system, there found a
number of factors those arc very special only for Bangladesh. These contmbuting factors
are mmcreasing system loss and, which are the biggest componenl of sysiemn Joss, The
main parls of these are pilferage loss caused by s0 many Indigenous ways like meter
lampering, by pass connection etc. and the other 1s inconsistent domestic tanlf base.
There arc others technical and social factors for system loss are also discusscd in this

chapter.

10.1 Transmission System

TGTDCL has already undertaken a number of measures for preper identification and
concurrent reduction of UFG in 115 transnussion system. The major steps underaken are
stated helow and these are at various stages of implemeniaiion. The actions are
implemented according to intemal work plan. The progress of mmplementation is

regularly monitored and success of the same is soon cxpected to be in sighi.

1001 Checling Of Purchase Point Metering dvrangement

TGTDCL purchases gas from Bangladesh (Gas Ficld Company Ltd. and Sylhet Gas Field
Company Ltd. Purchase point meters are orificc meters and the secondary elements of
these meters are mechanical three pens char recorders. Gas bills are produced from the
charl readhing by manual caleulation. To calculate the gas low with the orifice meter, the

following fow equations are used:-
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O=c'Jh, P,
Where,

()= [low rate of gas i cubic [Yhr at base pressure and temperahire condition.

h,= diffecrential pressure noinches of water colurmm which are measured from
Chart Recorder.

Py = Slaiic pressure in psia which arc measurcd from chan recorder.

(" = Orifice constant which arc calculated according to the presenied fomula of

AGA -3,

According to AGA Report ne. 3, the orifice plate is subjectively ‘checked’ for
comceninaity. flatness, diameter, edge sharpness and orifice plate thickness. Deviation in
any of these factors can cause mecasurcment crror. Checking the meter’s secondary
element requires the meter inspection 10 iransporl numerous gauges, special test

instrument, hand tools, reference books and volume calculation.

The Crifice Mcter requires constant checking and calibration of 1ts differential pressure
device. Despitc rcgular checking by qualfied personnel, if onfice meters are not
operating at ncar perfect condilions, measunng ermors of monumental proportiens do
occur, as was shown during a special onfice meters evaluahion program conducted by

{olumbia Gas Transmission Corporation (Reference — 7).

Columbia Gas Transmission Corporation under an extension investigation of onfice
metering, the company found that the small devialion from perfect metering conditions
result inaccuratc mcasurement from these meters. Combinations of (hese deviations

possibly create an additive or compensaling error.

Columbia CGas Transmission Corporation found the following measurcment errors:-

1(.1.1.1 A Beveled Orilice Plate Tnstalled Barkwards
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This crcatcs a larger throat at the vena contracta and a lower differcntial across the tap
hales. In the test, the differences between the calculated and actual flow resultmg ()

13.82% mieasurement eIror.

1(h1.1.2 Din Accumulated Upstream Of The Onilice Plaws

Dt usually accumulated upstream against the bottom part of the orifice, which reduces

flow velocity cansing a (—) 6.2% measurement errors.

10.1.1.3 Dirt Accumulated Downstreamn Of The Orilice Plate

‘This reduces turbulence at (he orifice plate and causes flow sueambmng downstream of
the plate. This increases the throat of the vena contracta lowers the difTerential pressurce

and canses a low registration of (—) 2.3%.

10.1.1.4 i Accumulated Om Block Sides Of The Orifice Plate

This reduccs the arca of the orifice opemng and creates a higher differential across the

orifice plate resulting in over registration of (+) 3.0%.

10.1.1.5 Dirt Accumulated On The Upstream Face Of The Onfice Plate

Usually wel or oily, the dirr covers the upstream face of the plate. It streamlines the gas

and can cause a measurement error of (—) 23.12%.

10.1.1.6 Dirt Accumulated On The Face Of The Orifice Plate

This type deposit usually forms 1 the shape of a donul or a flal nng, steeamlining the
[ow and cavsmg a lower differential pressure, as well as a polential measurement error

ol (=) 27.7%.
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10.1.1.7 Round And Nicked Upstream Edge Of The Onifice Plate

This damaged cdpe streamlines the flow, making the vena contracta larger, resuliing in a

lower differential pressure and a measurement error {(—) 11.25%.

These are the seven most common and most eastly duplicated conditions. Columbia (ias
Transmission Corporation concluded that near perfect conditions must be attained and

retained when constructing, operating and maintzimng orifice meters.

These represent just a few of the conditions that exist which affect measurement of gas
using onfice meters. Columbia suppests that more than one of the seven undesirable
conditions may exist simultancously in a meter tube. Tf conditions 6 and 7 exisied al the

same time, for example, the potential measurement error would be {—) 38,95%.

Some of the others potential sources of ermor associaled with a square edged orifice plate

wilh [lange tapings arc given below:-

1) Expansion factor referenced to incorrect apping point.

2) Pressure taping hole too large.

3) Scale fereign material, burs clc. around pressure tapping point,

4) Incorrectly sized orifice plate.

5) Qrifice plate too thick.

6) Buckling of onfice plate.

7} Upstrcam cdge of plate nol shamp-e.g, rounding of edge.

&) Omfice plate not concentric in holdcer.

%) Faulty gaskel belween camer ning and flange.

10) Scratches, nicks, damage to orilice plate face and/or bore.

i1) Abnormal roughness of pipe bore.

12) Pounding of liquid upstrcam of orifice plate.

13) S1gmficant change in pipc diameter with 1n 8D upstream of orifice plate.
14) Protrusion in pipe, such as thermo-well, within 51 upstream of onfice plate.
15) Ermor in measurement of orifice bore and/or pipe bore.

10) Pulsating flow-can have sigm ficant influence.
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17) Incerrect orifice plate in service.

18) Incormreel appheation/calculation of gas thermodynamic properties.
19) Incorrect base condilion applied.

201 InconTect calibration of sccondary instrivments,

2%} Incorrect scaling of secondary instruments.

22) Condition of Now profile of fluid being measured.

23) Temperalure at which orifice bore and/or pipe diameter measured incorrect or not

applied.

24) Inpul pressure incorrectly stated — i.c. absolnte/gauge.
25} Damaged or parhally blocked instrument pressure lines.
26} Error in {low calculalion process.

27) Parially open valve wilh 1n close proxinity upstrcan of orifice plate.

From a revicw ot the above list 1t will be noted that the majority of potential sources of
crror can be categonzed as bemg that of installation effects. Many of these conditions

will also apply to other types of meters such as Turbine Melers.

So measurement of gas with an Onfice Meter we have to maintain near perfect condition.

And the meter should be installed as per AGA Report no.-3.

10012 Bullc Customer Metering Fucilily Examination

Bulk ¢ustomer means big user of pas. In TGTDCL syslem power and ferilizer producers
are wilhin this class {Tables — 9.2 and 9.3). Most of the bulk customers use Turbinc
Mcter as billing meter. But in Individual Power Producer (TPP) RMS Orifice Meter is the
bitling meter. {Detail listin Table — 9.2).

The flealures of Omfice Meter related 1o accuracy have described carlicr. Now a
discussion about Turbine Meter and its accuracy are held in this chapter. Turbine Mcter is
a mtary inferential meter. lTurbine Meter measurement systems are much easier to
maintain thun onfice systems. The only routine feld maintenance recommended is to

penodically lubricate the rotor bearings using the external lubrication sysiem fitting with
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lubtication pump. This task can be performed while the Turbine Meter is operating,
without service interruption. Turbine Meters can be expected to operate al an accuracy
level with n {+) 1.0%% over their entire rated operating pressure and flow range. 1If ihese
melers have been calibrated at or near operating pressurc, they are capable of a

cahbrabion accuracy of (£) .25%.

From the above discussion il is ¢lear that there arc no substantial error in bulk customer’s
gas measuremeni, There may have source of potential errer in IPP seclors bul at prescent

these ineters are checked and calibrated at regular interval,

10.1.3 Calculution And Recowding Of Line Pack

Line pack is the amount of pas gathered in a piping system or network during a cerlain
operalion period. Tn calculating system loss or UFG, calculation of Line pack 15 necessary
because 11 can mfluence system loss. Now a days traditional method of system loss
calculation ts used m TGTDXCL and change of line pack is not anticipated i system loss

calculation process. Bul this should be included.

To calculate hine pack truly, brst the skelch of the network is nccessary and from the
network drawing it is possible to calculale equivalent pipe diametcr. Then line pack can

be calculated from the formula.

4Ly P, 520
—0372xF,} | 2 e SCF
Conet i ( 4 )[14.?3}[1}%6{}]

where,
L. =Line in feet,
P,. = average pressure psia
d = internal diameter of pipe (equivalent)

Ty = average [lowing temperature

F& = super compressibility
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where, ', = upsiream pressure pisa

Py = down siream pressure

2 7,7
To==|T,+T, -2
3 T +7,

where, T, = upstream temperature “F

P4 = down siream temperature 'F

Compressihiily must be meluded with the line pack calculalion procedure due to
campressible nature of natural gas. A soft wire can be produce for ilus purpose, which

can help to shorten the long calculation time.

{044 Caleuiation And Recording OFf Purging/Testing Losses

For system loss calculation, recording of purging and testng loss are notl include. In
TGTDCL purging and testing are not properly recorded. Purging or testing loss can be

galculate according (o the standard formula.

I 1S Obsalere Measurement Basis

At present the gas measurement basis in our country is volumetric i.e. gas are being sold
on the basis of volume delivered m cubic feet or meter. This is the cldest basis of the
measurement system. Now a days developed countrics uscs mass or cnergy basis. In our
country three IPP customers uses volumerric basis but this volumetnc measurement is for
940 But/cubic fect and for the higher calorilic yalue they pay the bill with a ratio of the

actual calore value by 940 Bul/cubne feel.

To improve the measurement basis, gas analysis and recording is necessary. Electronic

Instruments and measuring device such as Flow Computers, Transmitters and
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Densitomceter can be installed to improved measurenmient sysiem. A mass meter can also

be installed in this purpose.

10.1.6 Condensate Volume Calewlation For Eguivalent (rax Loss

The volumeine balance affected by the condensation of higher hydrocarbons present in
the gas due to reduction in following pressure and resultant temperature drop 1s another
compencnt ol system loss. To calculate system loss, this condensate is to be convert 1o an
equivalent amount of gas. This effect has notl heen taken into account before and the
practical approximation for the same is also very complicated. At presenl an
approximation determined by Chemical Engineering Departmeni of Bangladesh
University of Engineenng and Technology (BUET). This is 1 litre = (1571578 M? of gas
at standard condilion Thig approximation can be rechecked. Also a substantial amount of
condensate are pilfered by the dishonest oflicials and technician related (o the collection,
carry and transfer process to Padma Oil Company. Condensate is alse loss due to

insullicient and manual collection system. So condensation incrcascs system loss.

10T 7 Ofi-Transmission Market Area Isolaiion

MNow a days region wise input lo the off-transmission systern are not properly recorded.
Region wise input to the ofl transmission area are not also isolaled. So inputs to the
distribution systen1 are not easy to calculate. Due 1o this non-iselation of regional and
metro sales, input are not calculated properly rather an estimation is made. So it is not
possible to imposc the clear responsibility of the regional or zonal manager for their

sysiem logs.
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10.2 System Loss Special Problem Of Bangladesh in Non-Bulk

Sector

Some special problems of Bangladesh in non-bulk secter regarding system loss are

discusscd in this chapter. These are:-

16,2 I Domestic Flat Rare Tariff Base

a) TGTDCL intreduced domestic gag metering system in FY 1985-B6 and about

70% of domeslic consumers existmg at thal (nne were broughl under s systern.

But the sysigm was practically discontinued due o vanous techmeal and social

reasons with in the next couple of vears. These are:-

1)

2)

3)

4)

3)

6)

7)

To purchasc zas meters for domestic enstomers a hnge amount of moncy arc

required.

Meter procuremcnt, prescrvation, calibration & maintcnance works needs

extra manpower and olhers logistics supports.

A great number of meler readers and manpower are required to collect meter-

reading, gas bill preparation and correction and posting in ledgzer.

Opportunity of gas pilferage will increase and the Government will loss huge

amounl of Tevenue.

Crimenalization increase regarding gas pilferage lhke bypass counection,

Meter-tanpering etc.

To centrol gas pilferage, excess manpower will be necded to examine the gas

LSape,

TF 11 15 not possible to sent the gas bill in due time then account roecivable

will increase.
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b)

€)

d}

Domeslic consumers cventually continued to pay their monthly gas bills on the
existing Nat rate tanff system revised yzar to year by the Government, There are
always two oplions avalable for domestc users in [lat rate tariff system: single

and double bumer. The problem of flat rate are as follows:-
1) The present flat rate is lowcer than the actual gas nses of the customcer.

2y Cuslomers do not close thewr bumner afler finishing of their ecoking. Even
they open their burner all day long to save a match- stick. This type of usage
will fimsh our valuable natural resources wilhin a very short time and the
county 15 not getting any bensht from the bumed gas but envitonmental

pollution.
3)  Leakage in the service line of the customer may cause accudent.

The gas tan(f sel by Govemmen! from time 1o lime for that Nat rate billing
system1 has always been based upon some estimated monthly gas consumption
rale. As per latest tanff the domestic gas flat rate is based on the following

gslimated consumption,

Single burner: 43.44 SCM/month
Double burner: 74.13 SCM/inenth.

Three different studics conduced by Petrobangla and TGTDCL over the last 10
years suggest that the real use of average domestic customer is higher than the

ahove and are found to be as follows:

Single burmer: 59,32 SCM/month
Double bumner: 86.56 SCM/meonth.

Applying the above dilference over a lotal of 419163 Single bumer domestic
customers and 491914 double bumer domestic customers on 30™ June 2003 it is
seen that TGTDCL has lost about 153.243 MMSCM of gas over the 2002 —
2003, which is about 2.13% of todal nel throughput.
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) TGTDCL is further anticipating that the real number of domestie customers may
be substanually in excess of recorded number and the customers would be largely
double bumer ype whereas the record indicates the severs. This added wath the
apprehension that though connected as single bumer for obvious advantages, a
soction of such customers have been using double bumer, is contributing lo the

gas loss for TGDCL more.

g} It may be furiber noted from the above that although lanff provides about 60% of
a double humer consumption by a single bummner, the study reveals that the same
would be abowt 70% which is more realistic because of the {act that regardless of
the type of bumer. the average domestic eustomers would use aboul the same

amount of gas for cooking

10.2.2 Base Condition Variation

The whole situation rclating to gas metering at gas custody transfer locations is
dependent upon unilorm basc pressure and temperature conditions as well as on the
meterng facilities and calculation procedures. Base condition vanalion can causc
measurement error. Purchase bulk sales and non-bulk sales should use same base

pressure and for Bangladesh it 1s 14.73 psia.

16.2.3 Set Pressure Variation

The pressure set points of industrial consumers those who are using a simple type
CMS cannot olten be maintained at the set level. The set pomts generally change with
the passage of lime I notmal eperation and neceds frequent manual intervention for
re-setting. This 1s done as and when neeessary but monitor ofien not possible on
regular basis because of large number of customers and duc to logistic problem.
There are possibiliies eof gas loss on this account too. The dishonest customer

intentionally changes the sel pressure or point for suppressing real use.
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10.2.4 Pilferage

Pillcrage of gas by customers is reporedly rampant in the industrial and commercial

sectors, TGTDCL is aware of the situalion and as per the esiimate furmshed in this reper

the UFG on this account stands over 70% of total system loss (Table — 4.2}

Therc arc reports of pilferape by the domeslic customers also the magmtade of which

requires investigation for assessmen.

10.2.4 1 Mode Of Customer Gas Pilferage

The way or method used by the customer for gas pilferage can be wmitlen as:—

1)

2)

3)

4)

5)

0)

Dirget handling meter index or meter.

a) Slowing the meter mdex by handhng .

b) Changing the gear (rain,

¢} Lowering the meter reading by reverse rolation of the meter.
d} Changing the meter imndex.

¢} Interfering the meter index with any olher way by the dishoncst customer.

Tampering the regulator or pressure gauge or both of ihem to use gas at higher

Pressure.

To creale an obstacle in recording the gas nscs by interference the RMS pipes,

fittings cte.

To show or record lower meter reading in collnsion with the meter reader with out

handling the meter or meter index.
Customcrs usc gas with an unautherized, hidden underground line.

Customers use gas unauibonzed way from abandon and disconnected service line

or a disconnecled nser.
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10.2 5 Account Recervable

Accounts Receivable regarding gas bills by the customers is an indirecl component of
systemn loss. This does not reflect during caleulation of system loss bul ultimately it goes
upon the company’s accounting system as a bad debil. So we can say that account

recervable 15 an intangible component of system loss.

It could be seen from the statcment Table — 10.1 given below that the accoumls
receivables as of 30™ June 2003 is Tk. 862.53 crores which is cquivalent to 5.11 months
of gas sales on threc months average billing basis. Considering the accumulated provision
[or bad and doubtful debis as per ADB requiremcnts in terms of accepled accounting
practice the amounts come down to Tk, 758.02 crores which 1s equivalent to 4.49 months.
Further considering some of the receivable which are beyond company’s control at this
stage then the position of account receivables would be Tk. 579.61 crores that is 3.43

meonths of gas sales on threc months average billing basis.

Sector wisc outstanding are shown in Table — 10.2. From this statement 1l can be seen
that the outstanding dues of Tk. 382.93 crores against Govermment and semi-Government
ageney includes Tk, 84.37 crores against some of the receivable i respect of BTMC
/BIMC, Government colenies which are beyond company control to realize at this stape.
If these could be realize the accounts receivable in respect of Govemnment sector will
comc down to Tk.. 298.56 crores, which are equivalent to 2.93 months average sales. On
the other hand, the eutstanding ducs amounting to Tk, 475.60 crores against private
sector cuslomers includes Tk. 178.41 crores in respect of dues from customers against
disconnection, money suits and injunction suits which are also beyond company’s control
at this stage. Considenng the net cutstanding in respect to privale seclor customers would
come down 1o Tk.. 301.19 crore which is equivalent to 4.5( months of avcrage sales as

against 7.17 months as shown in the Table — 10.2,
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Table — 10.1: Account receivable

51 No. Particulars Amount Average Equivalent
{crore) Monthly Months Bill
Bill {crore)
= Total Qutstanding 362.53 168,93 311
= Less Provision [or Douhiful 10451 - -
Debts
== Total 738.02 168.93 4.49
= Less Uncontmllable customcrs
Dues: imunction sutls — 50,93
Disconnected & Money 178.41 - -
Suits 127.48
Total = 178.41
Total Adjustment 178.41 - -
Net Outstanding 579.61 168.93 3.43
Table — 10.2: Accouni receivable
Sl Sector Outstanding | Perccntage Average Eguipment
No. {erore) Monthly Bill Months
{crore)
1 Gaovt. and Semi 38293 44.40% 102.04 375
Govt.
2 Private 479.60 55.60% 66 .89 717
Total = 862.53 100% 168.93 5.1
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The company 15 nevertheless putling serious offorl 10 Tealize 1U’s outstanding. As a result
account meccivable is huge in every sector like power, fertilizer, private and Semi-

Govemment Drganization.

Unscttlement of long pending mency suits of the company and injunclion suits of
defaulting customers account reccivable amounting to Tk, 862.53 crores as on 30-06-
2003 includes Tk, 127.48 crores duc to customers under money suit and Tk, 58,93 crores
dug fromn customers abstaining from paying under the shelter of courts injunclion. The
sand amount of account recervable under dispute will remain unpaid as long as the suits

are n quesiton remaiming unpad or unseliled.

13.2.5.1 Bangladesh Power Developmeni Board

PDB pays the gas hills of cight (08) power stations. In bill payment procedure they
imposcd some ohjcetions, as the billing amount is excess than the actual use. This
situation arizes in 1993 at APS, RMS gas bill and stilt the dispute is unsettled. Sometines
FDB could not collect required amount of money [rom its bulk customcers like Dhaka
Electric Supply Authoniy (DESA) & Rural Elecinfication Board {(REB ) to pay gas bill
as per schedule which resulted in the increase of conipany's receivable due te PDB’s
inability to pay. The preblem become acute when Individual Power Producer (IPP)
gompany like AES, NEPC elc staris io produce electncily. From these IPP Power
Producer, PDB Purchases power at a higher pnee and sale 11 to the customer at a lower

price.

10.2.5.2 Ferlilizer Factory

The authontlies of 4 (four} fertilizer factories using gas, supplied by the company are not

paying bills rcgularly. The account reecivables of Tk, 39.78 crores are in this sector.
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10.2.5.3 Gas Bills O Govermment Colonies

As per Government order of Ministry of Finance dated 14-01-96 and 05.05.97, gas bills
of the Govermmeni Colomes under respective Ministrics are being recovered from the
menthly pay bills of the ofiicial residing in those Government Colonies and the amounts
are supposed to have been disbursed Lo the respective gas companies through Public
Works Directorate (PWD) under Minisory of Public Works. Although, gas bills are heing
recovered regularly by the respective Account Gencral’s (AG) office but infact fult
paymecnt has not been received by the Gas Marketing Companics duc to some problems
associated with this dishbursement procedures. An amount of about Tk, 2(.80 crorcs has
been accumnulated as outstanding hills Lo pay o TGTDCL by PWD since November 19935
to t1ll June 2003.

10.2.5.4 Different Textile Mills Under BTMC

It may be mentioned here for informaition that in the neantime, 1¢ mills under
Bangladesh Textiles Mills Corporation {BTMC) out of 17 mills undcer it have been placed
under Privatization Board and the habihties of those mills have been taken by the

Government. The outstanding dues of those inills against gas bills are Tk. 12.03 crorcs.

10.2.5.5 Dilfereni Jule Mills Under BIMC

The payment of monthly gas bills of different Jute mills under BIMC are nol being paid
by the respective mill’s authonty because of their inability to pay. The outstanding of gas

bills in this secior is Tk, 47.05 crorcs.

10.2.6 Technological Backwardness

Technological backwardncss i a strong faclor for system loss in Bangladesh.
Technological backwardness means shoricomming of the gas utilization process or system.

Glass, silicate, lime, re-rolling mills, batch type ccramie, brck/refractory, salt, dying and
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printing industnes are called load miensive customers in TGTDCL system. Because these
type of customer tsc more gas than iherr actual needs due o technologicat backwardness
of the gas utilization process or system. Gas pilferage rate is also very lugh mn this Lype of
customer. The reasom of gas pilferage is their technological shormcoming as well as
lowenng of moral and ethical valug of the customers. All the above type of customers
nsed a firnace that is locally fabricated called vatty. Air lucl mixing is not cconomically
maintained in this type of furnace. So there creates a smokey atmosphere in sides the
fractories. The gas is not bum fully in this type of furmnace so Lthe cuslomer get a lower
heat value from gas due to improper air-fuel mixing. The colour of the flame of this type
of fumace is radish in stade of blue yvellowlish. The furnace wall of this type of vatty are
made of normal brick in stade of heat resistant firebricks. The ideas of critical insulation
thickness are not applied in making the furnace wall of the vatty. Intemationally accepted
technology regarding this are not used in this area. The customers are not interested 1o
make the fumace wall as per intcmational standard to reduce heat loss in stead they are

mare interested to lower the production cost by pilfering gas.

Due to this process inadequacy almest all the heat ncar about 60 to 70% are losing
through the furnace wall of this type of customers. This heat loss increases the amount of
gas consumption to a grealer exient (hal in tums increases the cost of production. At
present TGTDCL has no supporling depariment regarding lowenng of (his excess
requircment ol gas. So to lower the production cosl of the produci the customers piller
gas with a number of indigenous ways like meter tampering; bypass use and many other
ways, A separate sludy can be conducted 1n designing a heat saving fumace 1o save gas

losa.

10.2.7 Customer Load Approval

Customer commected loads are not approved as per the ‘Gas Sales Manual' imposed by
Petrohangla. Al the time of load approval the customer shows their gas demand by
submitling false papers or documents. Sometimes they do this in collusion with the

alficral related with the load approval or gas connection. So after approval ef this less
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demanded gas, customers meet up their excess demand by gas pilferage through a
number of indigenous ways like meter and regulator tampenng, 1llegal bypass connection

ele. This g a vital 1ssue or facior for systemn loss m TGTDCL.

10.2.8 Meater Calthration And Sevvice Facilities

The calibration facilitics in our existing system are very old, inaccurate and manual. Tn
this type of calibration system there are chances for the calibralor to arbicuiate the
accuracy of the meter. Sometimes some dishonest official in cellusion with the customer
approved inaccuratc metcr as an accuratc meter. So delinquent cusiomer 1s not getting
punishment for gas pilferage. This practice has a strong effect on system loss. Under third
nalural gas developmeni project TGTDCL insialled onc high pressure and two low
pressure computerized calibration benches in the year 2002, 1t is not possible to articulate
the accuracy ol meter calibrated with this hench. But TGTDCL is still using the old

manual calibration system.

10 2.9 Absence Of Permanently Pressure And Temperature Recording Device

In TGTDCL system at present there are no permanently pressurc and temperature
recording devices. Now pressure gauges are used to record the sefting pressure and no
temperature measuring deviecs arc used to record temperature. As pressure Gauge cannot
rccord or store temperature permanently the customers always usc gas at a higher
pressurc than the contnictual pressure. In this way customer become ahle to pilfer gas. If
there were some electronic volume correction device installed in the customer RMSs then
il would be very easy the record the pressure and lemperature and that may elimimate

system loss to some extent. This is a vital issue for system loss.

10 210 Un-Meteved Usaye

Somctimes customers uses gas un-metered due {0 actual or intentional damage of [low

meter. The domestic users are also un-metered in our country. Sometimes under size
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meters of €5, TBS cum DRS, TRS, DRS and CMS are dumaged due to over spimning.
Intentional damages are also happened in these respect. Then the inpul of the network or
a region cannot be caleulate. In this way the customer in collusion with the TGTDCL

makes a ways anid means for gas pilferage.

10.2.11 Excess 20 MMSCFD Gas Demand During Winter Season

In the winter season the domestic gas demand increases 20 MMSCIE gas per day with the
same customer s1ze than the summer or hot season. The company does not get any
revenue for these excess 20 MMSCE demanded gas because all this gas are uses for
domestic purpose Maximum amouni of s pas are used 1o heat the room or to dry

clothes.

10.2.12 Non-Isolation Of Regional Wise Input And Outpui

(Jas 1nput output of a area or region of TGTDCL are not isolated specially the Metro
Dhaka’s supply cannot be isolate duc to complexity of the distribution network supply.
So lhere are no region wise accountability of the metro Dhaka and some others regional

sales office. Absence of these region wisc non-isolation increascs systecm loss.

I 2 13 Fixed Pressure Factor

In TGTDCL the gas bills of mdustnal, commercial and metered domestic customer are
preparcd on the basis of hixed pressure fuctor. And temperature and super compressibility
factor assumes as unity. As metering pressure are the contraciual pressures of cusiomers
with the conipany. So gas bills arc prepared on this pressure {actor. But the customer

usage gas at a higher pressure than the approved pressure.
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10.2.14 Billing Cyele Effect

Billing cycle is the time penod belwesn the subsequent hills, duration of this billing cycle

is one month, The time {rame of this hilling cycle siarts from 217

22" day of the next month. At present in TGTDCL system no SCADA or Tele-Mctering

day ol a moenth 10 the

syslem for collection of meter reading for system input or customer billing and meter
rcadings are collected manually. Bul a huge number of cuslomer meter readings are noi
possible to colleet at a time with the existing manual meter reading colleetion systemn. As
a result meter readings are collected at different interval. This ineonsistent meter readings

collection increascs system loss.

18.2. 15 Political Factars

Sometimes dishonesl cusiomers get a gas conneclion by exercising political power, The
delinquent cuslinners do not pay bill in the shade of political party. It is not possible te
disconnect the gas comiecion of a politically shaded cuslomer because they shows
muscles power. Disconnected customers reconnected the gas line by using political

power. This cvil practice increases systemn loss.

10.2.16 Collective Bargaining Agentf (CBA) Aoty

I TGTDCL there 15 no elected CBA. illegally the present Government pary’s related
labour orgamzalion 1s the legal CBA. The CBA changes with the changes of Government
power. This CBA strongly handlc the meter test and calibration facilities and the
melening section and the sales and regional salcs officc. They transler the existing
manpower working in those officc and posted there new oiTicizls (those who will work
according to their order or consent. They get a big amonnt cash or kind by transfer and a

momnthly allowance from these officials.
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100217 Degradation ()f Moval And Ethical Value

Al present the gas users and the official related to the sales and metering office want to be
a rich man within a very short lime. This objective has lowered their moral and ethical
value. So now they can do an illcgal task very casily. They always carn money illegally

in collusion with the dishonest customers. This is a great hurdle to reduce system loss.

10218 Criminalizarion

Some commnal cycles are now active n TGTDCL. They have sufficient techmical
knowledge about gas pilferage. So they are hired by the custemers 1o do the 11l activity

related to systemn loss like meter tamperng or bypass connection.

10.2.12 Company's Ohwr Use

Company’s own use is Lthe amount of gas used for system operation required for heatmg,
mslrumentation etc. This amount of gas is not clearly quantihed and reflecled in sysiem
loss calculation. Mainly gases are uses to preheat the natural gas and as a fuel of stand by

gas generator. Some of these generators have no meters for gas measurement or record.
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CHAPTER ~ 11

ACTION PROGRAMME

11.1 Measures Taken To Reduce System Loss

TGTDCL launched a time bound action Progrant in August 1993 io bnng down the then
level of 7 1o 8% overall system loss of gas sales against the net throughput in the pipeline
to a level of 2.8% with in the FY 1994-95. The program, as partially revised over the
initial draft {March 1993) came to be known as “Revised Time Bound Achion Program
{RTAP)Y" and it delineated the (ime frame for reduction of system loss on a graduoal basis

are shown in Table—11.1.

Table — 11.1: System Loss Reduction Program Of TGTDCL In Y 1992 - 93

UFCG as Time framc for reduction
estimated
sL. Iterm of UTG pereent af FY — 1993-04 FY 1954-95
M net
through | g TI I v i I m |
pur
1 Technical 1 25% 1.25% 1.25% 1 18% §.10% 1.2} 0 04 0RY .80

sywlem Joss

L.1 | Transonssion 0 49%, Q438G | 049% | 0453% | 040% 037 [ 034 | 032 | 030
loss

1.2 Distrnbulion (176e% Q768 | OT76% | L73% | 0T 0 65 a0 | 355 | 030
loss

2. | Non-techmcal 8.11% Tadts | 674% | 3.04% | 3.14% | 320 | 280 | 240 | 2.00
lxss

2.1 1 Paltcrage loss 6.67% GO00% ¢ 530 | 450% | 3.70% | 3.20 | 280 | 240 | 2.00

Lorss due 1o
inconsislent

22 | domestic to L.44%, Vaab | T44% | 144% | 1 44%, - .
bill
Total 0 36% BoWn [ 799% [ 712 | 6.24% | 422 | 374 | 327 | 280
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The RTAP (Aupust 1993) was taken up in the backdrop of loan ncgotiations with Asian
Development Bank (ADB) for Third Nalral Gas Development Project (TNGDP), The
RTAP was drawn in consultaten with ADB and with due approval of the competent

anthority,

The system loss or Unaccounted For Gas (UFG), as delined in the RTAP and as still
considered valid is that portion ol the gas purchased that is not accounted by sales,
irans(er, company use or other wise accounted for. The factors affecting system loss were
all grouped under 1two broad heads: technical and non-technical. Bascd on operaticnal
experience and available operational dala, component wisc contribulions of each of the
technical factors were cstimated at that time about 1.25% and the non-technical factors to
account for about B.11% the total system loss being 9.30% of net throughput i ihe
reporting year (Y 1992-93), which is shown in table — 1.1.

111} Action Program

Soon afler the launching of the RTAP elaborate acuvities were initiated in all arcas of
system operation as well as customers level. The activities included inspection and
improvement of region wise input metering, customers meter inspection, meler testmg,
and meter replacement, customer RMSs sealing, disconnection, load increase. Some of

the activities are quoted from the Revised Time Band Action Programime. These are:-
Actions for proper identilication and reduction of Systein loss.

1. Checking of purchase point melering arrangement.
Bulk Customer melenng facilily examinalion.
Calewlation and recording of line pack.

Calculaiion and recording of purging and lesting losses.

S

Examination ol gas specifications and measuremcnt proccdurcs at various
locations,
6. Condensale volume calculation for equivalent gas loss.

7. Market area isclation for off. transmission and off. distribution networks.
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&, Survey of actual number of dilferent categories of live cuslomers to asceriain the
cxtent of unauthonzed use of gas.

9. Identilication o load intensive customer and analysis of their load or operational
behaviour.

10. Assessment of the actual gas use paitern by domestic customers through
consimption survey by installation of moters at sclected locations.

11. Regubar joint calibration at purchase points.

12, Repular customer RMS inspection/ maimtenance.

13. Defaulting and disconnccted customer RMSs removal and niser killing.

14, Sealing of all industrial and commercial customer RMSs under special program,

15. Regular network mainienance operation to minimize leakage.

These activities yielded tnibally positive results, which was caused by a fall in the
monthly UFG levels lo about 6%, The improvement could not be sustained. The UFG
level shot up over the next 2-3 years a raiging concern for the company. As such fresh
drive has become neecssary te ammest UFG level, if not to (he 2.8% on net throughput as

covenanted in the loan agrecment, hut to a reasonable low and tolerable hiul.

11,2 Extended Measures Taken To Reduce System Loss

The company has been nnplementing action plans to reduce overall system
loss/Unaccounied For Gas (UFG) by zonal isolation, meter sealing, calibralion and
replacement of old meters; intensive vigilence, disconnection of unauthorized gas
commection by task force, speedy disposal of court cases, electronic metering,
lowipressure logging system etc. Neecssary measures are Laken 1o reduce the system loss
e an extent of 50% at Narayangonj, Tongi, Narsingdi, Ashugeon), Brahmenbaria,
Sherpur, Netrokena, Goffargoan arcas. A targel onienled programmme known as Second
Tone bound Action Programme {STAP} are implemented by the officers to collecet meter
reading and frequent wisit of the custowner premises. Meter scaling and testing

programme. It 15 mentioned that if the existing system loss can be reduced to an extent of
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1%, yearly revenne loss of Tk, 24.00 ¢rores and a roenthly rate of Tk. 2.00 crores may be

arrested.

11.2 I System Loss Reduction Programme

In terms of reduction of system loss to a realistic level over a pened up to FY 2004-05,
subject (o concurrence of all concerned, the company proposes a syslem loss reduction

plan, which 1s shown in Table — 11.2.

It can be seen from the above mentioned lable that the system loss percentage due to non-
techmeal faclors those are happening in the non-bulk sector are proposed 1o be reduced to
a level of 2.0% witlun FY 2004-2005, Thus 1t 15 proposed, m other words, 1o reduce the
nomn-bulk syslem loss o around 7% of the relevant imput as agamsl the cureni level of
more than 20%. The company takes a extended action prograin to reduce the system loss,
which is attached in Appendix — B. The main action programme arc to improve arca wisc
input metering, improvement of the customer metering, minimization of operational loss,
strengthening customer management, development and implementation of system loss
accounting procedure, identification of factors responsible for system ltoss in sales arca
against input, vigilance of load intcnsive customcers, disconncction of dclinquent

customers and riser killing. The estimated cost of the programme is 41.29 crores.

The propesed systern loss reduction targets delimealed m Table — 11.2 would be
forthcoming depending upon initiation and accomplishment of certain steps both within
and outside the purview of company’s own authority. The steps to be taken up will be
separately drawn up with specific time frames up to FY 2004-2005 and placed belore the
authority for censidcration. Major activities of Second Time Bound Aclion Programme
{STAP) are as follows:-

1} Installatiom of 60,000 domestic gas meters.

a) Issvance of IFB: with in 15 Cct, 2001.
b} Award of purchase order: within 31 Jan, 2002,
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Tablz = 11.2: Recommended Extended Action Program for System Loss Reduction

Year & Qtr. Tech./system loss % | MNon-tech. Loss (% Total TUIFG (%% of
of NT of NT) NT)
FY 200] = 2002

I 1.25 6.75 8.00
1 1.25 6.25 7.50
T 1.25 375 7.00
v 1.20 5.30 .50

FY = 2002 = 2003
T 1.15 4.85 6.00
I 1.10 4.40 5.50
m 1.00 4,00 5.00
v 0.90 3.60 4,50

FY = 2003 - 2004
I .85 3.40 4,25
11 (.80 3.20 4.00
T 0.75 3.00 375
IV 0.70 2,80 3.50

FY — 2004 - 2005
| 0.65 2.60 3.25
11 0.60 2.40 3.00
11 (.55 2.20 2.75
v 0.50 2.00 2.50

¢) Delivery of meters at company store: with in 30 June, 2002.

dy Engagement of contractors for installation: with in 15 July, 2002.
e} Installation begin: 1 Aug, 2002,
[y Installation to be complete: 31 March 2003,
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The procurement of the metor has been completed in 2003 June but the installation is not

shl] slared

2} Privatization of meter reading, billing and collection of Bills to qualilied private

partics:

a)

This activity is planned to be implemented in four (4) areas, two (2) inside
metropolitan Dhaka and two {2) owiside mctropolitan Dhaka. The two areas
outside metropolitan Dhaka will be suitably chosen from Tongi, Savar, Joydevpur
and Mymensingh areas. The two areas within metropolitan Dhaka will be suitably
chosen from Utlara, Gulshan, Banani and Uttar— Dhakin Khan areas. Soine of the
above areas would require proper pipeline isolation from adjoining areas, which
in turn would involve cerain physical modilications of the distribution nctwork.
The tendering tor cogagement of private concerns would need to underpo
administrative approval process and the award to successful lirms will be with in

31 March 2003, This is however not achieved.

3 Action program to meet TNGDP loan covenants: Loan No. 1293 — BAN(SF):

Upen due examination by Astan Development Bank {ADB) the loan No. 1293 - BAN

{3F) wasssued providing for fulfillment of the following actions:-

a)

b)

d}

Increased 1o the assessed volume of gas consumed by non-metered domestic
Consumers (basis rate} by a minimum of 20 percent. To achieve that the basis-rate
will reflect the acinal consumplion by domestic consumers a further increase in

the hasis rate will be made before the cnd of 2004,

Inereased disconmection of delinguent customers.

Repair and testing of the existing meters.

(radual nstallation of about 60,000 (sixty thousand)} gas mcters under the projcet
as a (irsi phase beginmng with households that share the nse of their kitchen with

other louseholds.
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g) Privatization of meter reading, billing, collection and gas consumplion assessment

with powers of disconnecton in gas management vone, i.c. delincated districts

with known gas quanbilies supplied and consumed, following an auction among

qualilied private parlics.

11 2.2 Meter Selection, Replacement And Maintenance

a) As per customer load Diaphragin Displacement meter shonld usc with G-rating

b)

d)

g}

h)

range G-1.6 to G-10 wilh maximum operating pressure 0.5 bar gauge.

Rotary Mcter should be used with Graling ranges G-10 to G-65 with

maximiun operating pressure 4 bar gauge.

‘Turbing Meter should be used with G-rating ranges G-40 to G-6500 and

higher with maximum cperaling pressure 70-bar gauge.

Orilice Meter should be used where flow is steady and where are contractual
obligation for using orifice as a billing meter like Individual Power Producer

(IPP}, pas intake mctering station and custody bansfer poinls.

It is advisable to use a rotary meler instead of a diaphragm meter when the
custonier demand load 1s G-10), and a use a turbine meter instcad of a rolary

meter for customer demands G-40 and G-65.

Each departinent should select the meter such that the meler digit should not

turn over within ong vear.

The selected meter hourly load should not be less than the cuslomer minimum

gas demand.

Metor should be sclected on the basis of minimum outlet pressure. If there are
chances to increasc the pressure then it is advisable to use a some nozzle down

stream of the moter,
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i} At the time ol visiting customers RMS if it is seen from the index reading or
from EVC logging data that the customer gas uses or load exceeds 120
percent of the cuslomer approved maximum load. Then it 1s obligatory to usc

a soric nozzle in the meter fun.

1} Dual index type meter like mechanical mdex with read conlact swatch [or
EVC and mechanical mdex with proximity sensor or slot scnsor for flow

compuler can be use,
k) Disorder meter should be replaced with a new one with in three working days.
Iy Meter with G-rating higher than G-65 should be ¢alibrated in the field at least
one time every year.
m) Meter more than 10 years old should be replaced with a new one.

n) Meter less than 05 five years old can be repair with calibrated spares to use for

FO years.

11.2 3 Pipe Line Development Project

Construction of 17 to 8" x 116 km Distribution line will be completed with company’s
own financing at Muktapacha, Sarishabari, Kalipanj, Hazratpur and Bibirbazar of
Keranigan] thaa, Kanrangirchar area of Dhaka cily, Savar, Gounpur/Shambhuganj and
Monohardi mdustnal area including 1" - 6" x 60 km at Brahman Baria arca under gas

Distribution project.

{1.2.4 Installation OF A Electronic Type index

Mcehanical index type of meters is used in the cxisting metering system. In this type of
mecasuring module there are some {ixed and changed gears. Delinquent customer’s

changes this changed gears matching mesh of the two gears and slow down the meter

167



permanently. This s 4 problem for the existing metering system, which can be minimized

by mstalling electronie lype index system or a dnal type index system..

£1.2.5 System And Management Activities

The management of the company iniliate various programmes such as; improvemnent of
the existing gas marketing process for belter customer services, installation of domestic
meters at customer premises, increasc the pumber of offices under metro Dhaka and
regional sales divisions, to install pre-paid meter, consiruction of customers gas line by
firms acceptable to the company as well as customers, tramming of oflicials, recruitment of
expenenced  manpower for  fmproving customers  services, modification of
CGS/TBS/DRS for adequate gas supply to new customers, elimination of low pressure
problems, arrangement for gas bill payment through the bank/credil card using web site

information.

Though enough efforis have been under taken to reduce systemn loss, expected result
could not however be achicved due to shorlage of eflficient manpower, absence of
congenial working almosphcre, inadequate logistic support, construction of by-pass line
by dishonest customers, illegal re-conncction from disconmected risers, unauthorzed use

of gas/load/installation, CM$ and meter lampering cte.
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CHAPTER -12

DISCUSSION, CONCLUSION AND
RECOMMENDATION

Purchase point gas metering onfice meters wiih three-pen charl recorder are used as a
fiscal meter. The gas flow rate 15 calculated From this chart by manual calculations. So
therc may have chances to commit an error. Flow computer with electronic transmitter
are not used to minimize this crror, Since large amount of gas is purchased, a very small
error will cause big amount of gas loss gain. For bulk customers, gas metering turbine
meter with a two-pen charl recorder are used and gas flow arc calculated manually, Flow

computcr wilh electronic transmitrers are not used o get better aceuracy,

Sometimes due to third party damage or in the case of an under or over sized meter, un-
metercd gas passes through the CGS, TBS and DRS to the salcs system or area and input

to that region are not correctly measured, rather an eslimation is made from the past use.

Measurcment uncertainty of the meter and the sceondary instruments are not included in
the system loss calculation formula or process. But as per the mtematicnally accepted

fonmula or practice this should be included in the system loss calculation process.

Line packs of TGTDCL gas systemn are not caloulated on dmly or monthly basis. The
change of line pack is not included in the system loss caleulation process. Bul as per the
intermationally accepted formula or practice this should be included in the systern loss
calculation process. Leakage, purges, vented arc nol calculated and included in system
loss calculation process but this should be included. Companies own use is not recorded
correctly. Some of the places there are no meters (o measure gas flow. Estimation is made

for tlus purpose.

The main parts of the system lesses are from the non-bulk customers. And all of these
losses arc pillerage loss by so many indigenous method as deseribed carlier. Sometimes

TGTDCL officials are related to these offences. Regionwise gas nctwork isolation is not
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compleled. And repion wise input — output calculation arc not adopted with responsibility

of the regional manager.

Present admmistrative reforms are not favourable lo reduce system loss. At the same

time. the presently political powered CBA system is not favourable to reduce system loss.

12.1 Conclusion

It is clear that the main par of the system loss is pilferage loss. TGTDCL undertook a
aumber of programs to reduce this evil practice. But every time the company failed 1o
reduce the systemn loss within the internationally accepted leve! (x 2%) and in TGTDCL

it (system loss) is always more than 8%.

It is thought that within the Semi-Governmental administrative reforms, technical ability

and CBA activily of TGTDCL it is not possiblc to reduce system loss to the desired level.

Therefore, it will be wise to transter the transmission portion of the company to GTCL
and isolate (he distribution network region wise with improving the existing metering
systemn as discussed in Chapter — 09 and divide the company into few smaller companies.

Eventually, then smaller companics may be privatized.

Profit oricnted geal of the private company may be able to reduce the system loss to the

miemationally accepted level

12.2 Recommended Action Program To Reduce System Loss
The following action programme can be made to reduce system loss:-

» Formaton of a system loss monitoring cells with appropriate manpowcer also
extended and strengthens the activily of UFG reduction monitoring cell. Survey of
actual number of different categories of live customers to ascertain the extent of

unauthonzed usage of gas. Identification of load mtensive customers like lime,
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glass, re-rolhing mifls etc. and analysis of their operational behavior and gas
consumption pattern Loail approval and re-approval should be on the basis of (his
consumption pattern  Assessinent of the actual gas usc patterm by domestic
customers through consumplion survey by installation of meters at sclected

locations. And flat rate gas bill should be declare on the basis of this assessment.

Market arca isolation for off-transmission and off-distribution networks, Metro
Dhaka distribution system/sub-sysiem isclation and input-cutput analysis.
Allocation of elear responsibilily io melro Dhaka zone/sub-zone and regional
distribution offices for gas inpul-output balance through complete system

isolation

Improvement of the existing mctcring system by installation of a cabmel lype
RMS for industrial and commercial customer with EVC wilh the gas meter and a

sonic nozzle in the metering run,

Formation of a taskforce lo assist the UFG moniloring cell with appropriate
manpewer and equipment, Vigerous and fiequent inspection of customer
premiscs by tasklorce with ugh official of the company is to bc madc at regular

interval,

Rationalization of comsumpiion patterns of customers. Ensuring cffeetive
magwsiracy support for customer control. Strengthemny legal services. Public
mobvalion/awareness campaign through mass media about ways and means of

gas nse and avoud loss,

Streamlining meter reading collechion activities. For system balance calculation of

CGS, TBS, DRS gas flow rapid coflection of meter reading is essential.

Introduction of effective punishment system in the form of transfer, suspension,
and dismissal, as appropriate for the company employees found responsible for
increase of system loss. Introduction of suitable reward system in the form of

extra-gratia, cash award, promotion, honour awards, as appropriate, for the
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company employces contributing to the reduction of systemn loss. Ensured regular
transfer of longlime jobbers in particular fields. Suspend the action of collcctive

burgeoning agent.

Up-gradation of all bulk metering installations (Purchase and sales meters).
Distribution leakage survey. In this coniexi assessmenl of existing cathodic
protection (CP) system and necessary up-gradalion activites should be made to
reduce leakage. Eslablishment of a sound linc pack calculation method with a
sofiware development. Creation of a systematic condensate accounting and

reporting method and its cquivalent gas calculation procedure,

Inspection teams to find out unauthorized gas use by industrial and commercial
and domestic customers both in Metro-Dhaka and outside Metro-Dhaka area.
Customer meiers older than ten {(10) years can be gradually replaced and those
older than five (03) years are broughi under accuracy checks. Strengthened the
activity of disconncction tcam to disconnect of delinguent customers by

magistracy support.

Modemization of customer RM5s with utmost pilferage pretection. Estabhshing a
comprehensive customer inspeetion and monitoring process. Modermize of daily
and monthly gas accounting and reporting proccedurcs. Up-grade the regional
input melering  station  and metering  system  isolation.  Conducting 2

comprehensive customer and load survey.

Installation of further domestic meters afier proper evaluation of the oul comes of
the program at hand {60,000 meters). Engagement of expatriate consultants to

under takes the appropriate works as a package of the above activilies.

Cas Act covering the additional require legislation should be prepare. This will
melude the following, Expedile the recovery of unpmd Wbills. Empower gas
iramsmission and disinbulion companies to disconmect delinquent/nonpaying
consumers and Lt junsdicion of civil courts W 1ssue Imuncuens preventing

discommection in such cases. Provide assistance for effecting disconnection of
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delinquent/nonpaying consumcrs. Criminalive thell of gas and tampering with gas
meters, el¢c. meluding punishing abettors. Empower personnel of pnivate meler
reading, billing, and colleclion companies to have access to the premises of
consumers. Administrative action such that the company can be benefit from the

legmislation.

A customer database should be prepared. Update the customer ledger and

expadite the revenue collection.

Transfer transmmssion porlion with bulk-customers to GTCL. Regional wise
1solale the company and make & number of small company and then sale this

small company part by part to private owners.
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APPENDIX — A

System Loss Calculation Procedure

S1. No. Tlem Amount
1. (Gas Purchase
2, Own use
3. Net thronghput (1-2)
4. Sale
{a) | Powcr
{b) | Fertilizer
(c} | Tndustrial
{d) | Commercial
{&) | Scasonal
(f} | Domestic {Mctered)
(8) [ Domestic (Single burner)
th} "Domestc {Double bumer)
) Condensate (equivalent)
5. Unaccounled for (as (3-4)
6. Techmeal System loss (Estimated)
7. Dom. Tarift loss
8. Total {6+ 7)
g, MNet UFG dug to non-1ech loss (5-8}
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APPENDIX — A

Statement of Gas Deliveny/Input to the Non-Bulk Sector for the FY 2002-2003

I By Nettng off Method (NOM)

Months
al, .
No Parlicudates
) July Aup. Sent Cret. Hon. D Jun. Leb Mar, Apr May Inne Total
i | Total Gas purchased from o couyp v an) 30 | 56372 | 619512 | 579.738 | 60807 | 615.51 5797 | 60495 | 626.19 | €1994 | 59855 | 7196.32
ficldsiolher sparces
5 | Company’s own use for 0472 | 0381 | 0318 0.315 0.33 0371 | 0424 | 038 | 0215 | 0464 0.417 0,416 4,630
Syshem Operalion
3 Mot throughput in the
‘| ransmmission System = 57763 | 60101 | 5634 | 619162 | 579.408 | 608.6 | 615.08 | 57032 | eid67 | 62573 | s1953 | s0m13 | Tionew
(12
4 | Sales to Power stations 30991 | 28226 | 257.63 | 291935 | 260155 | 272.11 | 27409 | 26328 | 2898 | 30847 | 28848 | 20177 | 339077
5 | SalestoFemilizas Flans | o000y | jog s | 11004 | 120680 | 108263 | 12510 [ 67| 11525 [ 1235 | gz | 1135 | 2066 | 132345
6 I“'{i“}lf?'ﬁ?mnulksemr 378.25 | 402.81 | 367.77 | 412.624 | 368418 | 397.22 | 3917 | 378.53 | 4133 | 42019 | 40199 | 38143 | 471422
; | Total. Delwvery/Inputio | o520 | 1og0 | 10564 | 206538 | 21099 | 21138 122338 | 20079 | 19137 ] 20555 | 21754 | 2167 | 247746
Non-bulk Sectr={3) = {6}
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APPENDIX ~ A

Overall Gas Input, Sales and UFG in the Non-Bulk Sector
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Sl. | Parbiculars _ Momths

Na, | Iuly Aug. Sepl. Oct. Moy, Dec, Jan. Fch Mar, Apr. | May June Total

fa) | a} MNet duoughput =77 633 | 601011 | 563.40% | 619.162 | 570408 | 608.59% | 615.082 | 570322 | 604671 | 62573 | 619.526 | 398.128 | 7191 it
{overall T&D
System)

(k) | &) Gas input {non- 10349 | 199352 | 191629 | 203,556 | 206298 | 204.74 | 226.858 | 207 113 194 20037 | 218971 | 213245 | 247262
bull*

{c) | Gas sold (non-bulk} | 147 174 | 158.643 1458.77 150,748 | 132,609 | 153,193 | 157.0623 16281 [ 148,145 | 1634901 | 164 368 16473 1877.12

c.l | Metered g7.421 108565 | 39035 100713 | 102276 | 102687 | 106326 | 111861 | 26858 112.1 112,248 | 117 187 | 1267.28

.2 | Un-metered 49753 50,078 49 735 50,0335 50333 0,506 5{) 69 949 51.287 al1.801 321 52,543 )9 539

() | Gross UFG=1{(b)— | 48.316 | 40709 | 42859 | 52808 | 336089 | 51.547 605833 | 44303 | 47855 | 43469 | 54603 43,515 | 395506
(e

(e} | Gross UFGas%of [ & 36% 6.77% 7.61% 8.53% 9.27% 8.47% 11.35% | 765% 1.01% T2AT% 8.B1% 1.48% 8 28%
(a}

() Gross UFG as " of | 24.72% | 2042% | 2237% | 25.59% 1 2602% ] 25.18% | 30.78% 21.35%, | 2442% | 21.72% [ 24.04% | 2041% | 24.08%
(b}

fe) | Tech. loss = 1.25% 7.22 1.513 7043 774 7.243 7.607 T.689 7.242 7558 TR22 7.744 7 44 59.298
of (b}

ihy | Loss due to 1515 1.523 2089 2.08 209 2098 21035 2114 2.125 2.144 2153 217 24188
nwmpropet dom,
tarif{ base

{1 | Net UFG 349 531 11.673 | 33747 | 4209588 | 442356 | 41.842 | 60.029 | 34947 | 38172 | 35503 | 44709 JIR6E | 4B1425
= {d)-(e)Hf)

ol MWet UFG as % of 6.85% 27 5.09% el o 7.66% 6 88 9.70% 6.U3% 0.31% 5.67% T 2% 5.00%: G.69%
L *u A.ﬂ.u

1.2 Mot UFG as % of 20.35%, | 15.8996 | 17.61% [ 21.19% | 21.30% | 204485 | 2647% | 16.87% 1o dits | 16.96% [ 2042% [ 1588% | 1947%

{h)

{*) SSM [Ligurcs of Annex Table — 1, slashed down by 2%




Appendix - B

Action A.1: Improvement of Arca Wise Tnput Mctering

Description of Sub-task FY 2003 = 2004 FY 20304 - 2005 FY 2005 - 2006 _ Budgctary Responsible Div
Involvement
|| 11 I | o 1v | I O I 1 | B A ¥
fa) I_Jieldrsunfr\?}' and -- s Operations
identification .
» Planning
(b) Fixing/refixing with ex- --
stock meters and ——
ACCCSSOTIES
(c) Procurement of requisite USD 1.0
no. of new metering _ Milhon
equipnient
(d) Upgradation with ncw --
metcrnng equipment
(c) Continued input metering * --
UsD 1.0
Million
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APPENDIX -B

PROGRAMME BUDGET
. FEX LT
Sl No. | Description (mill USD) | (M3l Tk )
01 Procuremenlt of melenng | (Procurement) 1.00 --
equipment for improvement of
input measurement
02 Procurement of metenng | (Procurement) 3.00 --
cquipment for improvement of
customers end measurgment
03 | Extensive Leakage Survey {Services) {1.50 --
(4 Cathadic Protection Survey {Scrvices) (.50 -
{5 Pipeline re-habilitation {Procurcment}) -- 30.00
(Services)
06 Improvement of odonzaiion {Procurernent) (.25 -
(Scrvices)
07 | Creation ol Customer Database | (Procurcrment) 0.25 .
Facilities {Services)
8 E-office Management System {Services) -- =
09 Assessment of ment of legal {Services) -- 1.50
suits by Lepal Consultants
10 | Dasconnection of delmguent/ (Services) - 2.00
defaulling Customers and riser
killing
11 Implementation of  HRD {Services) -- 2.00
Programme
12 Procurcment  of  requisite | (Procurcment) -- 50.00
iransport and office Equipment
Contd.
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Contd.

. _r FEX L
51 No. Dicscription (mill USD) | (M3l T )
13 Developmeni ol Media {Scrvices) - (.30
Campaign Programme
14 Campaigns in Print/Elcetronic {Services) -- 2.00
media
15 Crening Company Website {Services) -- (.10
Total: 5.60 28.10

Above estimated cost ol the
Programme is equivaleni 1s
nearly 4 — 5 menths prevailing
system loss m monelary lerms

= 4129 Croers (approx)
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Appendix — B

Action A.2: Improvement of Customer Melering

Description of Sub-task FY 2003 = 2004 FY 2004 = 2003 FY 2005 - 2006 Budgetary Responsible Div
Ll [m|w |1 {ofm| n | m | v | nvolvement
{a) Changnyg metcrs mare - » Opcralions
than 10 years old
{b} Calibratmg/changing | | ‘ -- » Opcraiions
meters nore than 5 years
old
{c) Study aimed at identifying, - ¢ Operations
cvalualing and developing
improved customer *
metenng equipment/
gystem
(d) Procurement of improved USD 3.0 s Operations
meltering cquipment/ —— million » Admin
system
(€} Inspection and necessary - s Marketing
_Iield s-:a_aiingr’re-sca]in g l?f all * Regional
indusinal and commercial Qales
customers RMSs
USD 3.0
millhon

£8I1




Appendix — B

Action A 3: Minimization of Operational Loss

Description of Sub-task FY 2003 — 2004 FY 2004 — 2005 FY 2005 - 2006 Budgetary Responsible Div
wvolvement
Ii 1l v I Injymn IAY 1 il 11l v
(a) Extensive Leakage survey USD 0.5 » Opcrations
million
(b) Cathodic Protection UsD (13 ¢ (Operations
I ——
survcy million
{c) Pipcline rehabilitation Tk 30.00 » Operations
N — million .
» Planning
(d) ]'mprpvcmem of e ———— USD .25 s  Operations
odorization miilhon
(e} Strengthening pipeline and -- + {(perations
station maintenance
apcrations
UsSD 1.25
Million + Tk

30,00 milhon

Yl




Appendix — B

Action B.1: Strengthening of Customer Management

Description of Sub-task 'Y 2003 - 2004 FY 2004 — 2005 FY 2005 — 2004 Budgelary | Responsible Div
i | W | T |0 M v | 1[0 ]V mvolsement
USD 0.25 Finance
(a) Creation of Customer million (CD)
Database Facilities Marketing
Regional
Sales
Vigilance
(b} Extensive Customer - Mar_ketmg
inspection and analysis F # Regional
Salcs
(¢} Customer load I - Marketing
actualization Regional
Sales
(d) Customer admimisiration -- Marketing
by Grouping customers # Regional
according to class/type of Salcs
industries
(e) Establishing E-office USD (125 Finance
Management Sysiem million
USD 0.30
Mithon
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Action B.2: Time Bound Programme Adnunistration

Appendix — B

Description of Sub-task FY 2003 - 2004 FY 2004 - 2005 FY 2005 - 2006 _ Budgetary | Responsible Div
mvalvemernt
1 III Iy mimj| I | I | v
{a} Developmeni and B * Marketing
implementation of Sysiem * Reponal
Loss Accounting — Sales

procedure

+ Vigilance

»  Operations

{b} Identification of factors
responsible for system
loss in sales arcas against
input

+ Markeing
s  Repmonal
Sales

*  Vigilance

{¢) Submission of quarterly
import/collection repons

+  Markeling

¢ Regional
Sales

*  Vigilance

981




Appendix — B

Action 3.3: Customer Administration Drve

LB

Description of Sub-task FY 2003 — 2004 FY 2004 — 2005 FY 2005 — 2006 LBudgetar}' Responsible Diy
l Involvemeni
il I v L O 1 1 A I A I ot nr | v
{a) Vigilance of load mtensive -- ¢  Marketing
customers * Rcgional
hales
¢ Vigilance
{b} Assessmeni of merit of Tk 1.50 s Sceretariat
legal suits by legal Million » Regional
consultants Sales
‘ +  Marketing
(c) Qut of Couri settlement of Existing
appropriate cases Commiltee
(d} Aggrcsswe pursuance for | . e Secrctariat
withdrawal of injuncticns
{c) Disconneetion of Tk 1.50
delinquent/defaulting Milhon
cusiomers and niser killing
Tk. 3.50
Milhen
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Appendix — B

Action C.2: Augmenting Manpowcer and Logistics

FY 2003 — 2004 FY 2004 — 2005 FY 2005 - 2006 Budgetary | Responsible Div

Desenption of Sub-task .
involvement

I u 11| v [ mjlm,; v Ty ur |1

(a) Disposal of long -- s Admimn.
outstanding promotion N
cases

(b) Recruitment of necessary -

and appropriate manpower

{c) Development of --

comprehensive Human
Rescurce Development

[PTOLTAMIMC
{d} Implementation of HRD Tk 2.00
PrOSTamme miilion

{€) Procurement of requisite Tk 50.00
transport and olfice o — ——— nillion

equipment
Tk 52.00
million

681




Appendix — 13

Action €.3: Media Campaign and Customer Relation

Description of Sub-task FY 2003 — 2004 FY 2004 — 2005 FY 2005 — 2006 Budgetary | Responsible Div
involvement
I 11 11 v I | m | n I | v
{a) Development of campaign Tk 150 » Secrctariat
programme and matcrials million
(b} Campaign in Prini and ' Tk 2.50
Electronic media on gas million
safety and loss/waslage
conlrol
{c) Dpenipg Company i -- * Financc
Websitc {Computcr
Dept)
Tk 2.530
milhon

061




Appendix — B

Action C.3: Media Campaign and Customer Relation

Descrintion of Sub-task FY 2003 - 2004 FY 2004 — 2005 FY 2005 — 2006 Budgetary Responsible Thv
P involvement
I 1l I 1Y I (I |ar|p mw o| mnr|1v
{a) Development of campaign — Tk (.50 & Secretanial
propramme and matenals miliion
(b) Campaign in Print and Tk 2.50
Electronic media on gas million
P ——
safety and loss/wastape
conltrol
{¢} Opening Company -- ¢ Fmnance
Websitc E— (Computer
Dept)
Tk 2.50
million
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APPENDIX - C

2.1 Terminology

In order to understand the fundamental of gas measurement or metering and system loss
the following terms and definitions arc necessary. Some of these terms arc discussed

below:-

2.1.1 Gas

(as is onc of the three natural slates of mater-solid-liquid-gas. It Las neither shapc nor

volume that is independent of the container in which it 15 restrained.

202 Natura! Gas

Natural gas 15 a mixiure of hydrocarbon and non-hydrocarben gases found in the pormus

peological structure of the earth. The main component of MNatural gas 1s methane gas.

2.1.3 Pressure

Pressure 15 the forve extorled on a umit arca, i.c. pounds per square inch, bars, kilogram

per square centinmeter.

2 1.4 Artmospheric Pressure

The pressure extoried by the atmosphere at the surface of the earth i1s due to the weight of

air. This generally recogmzed as 14.73 psia or 30" of mercury.

2.1.5 Gauge Pressure

(Fage pressurc is the pressure measured above the local almosphene pressure.
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2.1.6 Absolure Pressure

Absolule pressure 15 the lotal pressure measured from zero pressure at the datum point.
When its pressure exceeds the local atmosphenc pressure it can be regarded as the sum of

the local atmospheric pressure and the gauge pressurc.

2.1 7 Vacuum

Vacuum is a condition in which the pressure is always less than the local atmospheric

PLEs5UTE.

2.1.8 Differential Pressure

Ihiferential pressure is the difference between two pressures.

2.1.9 Static Pressure

Static Pressure is (he pressure measured al any point in a vessel or pipe, whether the Mnd

T

(zauge pressure

15 slill or [lowing.

Atmospheric or

) 4 Zer gauge pressure
Absolwe
Pressure Yacuum
Pressure
Y
Barometric
Y ¥ Pressurc

Figure C.1: The relation ship between absolute pressure and gauge pressure
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From the Figurc C.1: It is clear that
Absolute pressurc = Gauge Pressure + Atmospheric Pressure.

21160 Temperature

Temperature is the degree of heat or cold measurced with respect to an arbitrary zero.

2.1.11 Ambient Temperature

Ambient temperature is the lemperature of (he surrounding air.

2.1.12 dbsoluie Temperature

Absolule temperature takes as its zero-minus 273.15 degrecs C (centigrade) or minus
459.67 degrees F (Fahrenheit). This is transcribed as — 273 degrees C and — 460 degree F
for chgineenng caleulations. The absolute scales of temperature are Kelvin for degree C

and Rankine for degrees I

Absolute temperaturc must be used in all calculations relaling o the gas law equations.

2.1.13 Zern Absofure Temperature

Absolule zero temperature is the peint at which all-molecular activity ceases.

2114 Volume

Volumne is the product of refined measurements taken in three directions each at right

angles to the other two.

2.1.1% Speafic Volume

Specific volume is the volume of a speeific weight of the flud. I 1s the volume per unit

IMAS8s.
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2116 Masy

Mass 15 the quanlily of matter in a body. 1t is measured in any convenicnt unit i.e. pounds

mass or kilograms mass.

2.1.17 Specific Weight

Spesilic weight is the weight of a unit volume of a substance.

218 Density

Density is the mass of a substance per unit volume.

2.1.19 Specific Gravity

The specific gravity of a fuid is the ratio of the weight of a specificd volume of one flud
to the weight of an equal volume of a second (reference) fluid. Both fluids must be at the

same temperatire and pressure condition.

2120 Mol — Folume

The mole-volume i3 the volume of a gas that will have a weight cqual numerically to 1ts

molecular weight.

2.1.21 Compressibility

Compressibility 15 the ability of a matcrial to reduce in volume when subjccted to an

1ICTEAsE I PIESSUTE.

2.1.22 Super Compressibifity Ratio

Super compressibility ratio is the factor used to reflect the difference between the
theoretical gpecific weight of a gas proporlional lo absolute pressure and the actual

specific weight, terperature remaining censtant.
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21.23 Cubic Feet

The measurenmient of gas volume of the Imperial system.

2024 Cubic Meters

The measurement ol gas velume of System Inlernational (S1) standard or system.

2125 Standard Pressure

The standard basc pressure is generally recognized as 14.73 psia or 1 0136 Bara.

2.1 26 Srandard Temperature
The standard base {emperature is generally recogmzed as

60 degrees F
15.5556 °C
520 degree Rankine.

2 1.27 Cumpressibility Factor

For non-ideal gascs, which include all nalyral gases, a dimensionless faclor is added o
thig gas law. Thig correction factor z, known as the compressibility faclor, compensates
for variations from the ideal gas laws under conditions of high pressurcs and high and

low temperature,

2.7 28 Measurement

The determination of the existence or magnitude of a variable.
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2.1.29 decuracy

Accuracy is how close to lrue from the meter can measure. Thig is usnally stated in

percentage value,

2.1.30 Flow Range Or Rangabilry

This 18 the ratio ol maximum and minimum flows over which the meter will maintain the

specihied accuracy or linearity.

2.8 31 Linearity

Linearity is the ability of a meter to maintain a constant calibration factor (hroughoul its

speeified flow range.

2.1.32 Puise

A pulse represents only a small incremental volume of flow. FFor a turbine meter as each

of the magnets pass the coll a separale and distinct vollage pulse is created.

2.2 33 Pulve Density

The quantity of pulses generated by a meter for a given volume of throughput.

2.1.34 Repeatability

Repeatability 15 a meter's abilily to replicale the same reading cach time, given that the

same flow condhiions exist.

2 135 Resolution

Thé resolution of a meter is its ability to measure sinall increments of total flow.
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2136 Totalizer

A mechanical or elechonic device for imtegrating and displaying the volumetric

throughput of a flow mieter.

2 1.37 Culibration

i means that compare the value or insrument with a standard.

2138 Alarm

Advice or function that signals the existence of an abnormal condition. i can be visual or

audible, and its purpose is to attract the attention of the operator.

2.1.39 Canrralier

A device thal vanes the ocuipul in order lo regulate a controlled variable in a speeific

NIANmer.

2140 Controf valve

A device that directly manipulated the Mow ol ong or more Tluid process streams.

2141 Converfer

A device that receives information [ ene form of instrument signal, and change it inlo

another.

2.1.42 Funetion

The purpasc or action perfonned by a device.
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2.1.43 Identification

A sequence of leflers or numbers used to designate an individual mstrument or loop.

2. 1.4¢ fnstriment

A device used directly or indirectly to measure and/or control a variablc.

2.1.45 Instrumentation

A collection of instruments.

21 46 Local instrumentation

Refers o an instrument operating at the point of use.

2.1.47 Loop

A combination of instruments or control functions arranged so that signals is passed from

one to another.

2.1.48 Manual Loading Station

A manually adjusted controller with a vanable cutput signal.

2.1.49 Measurement

The determination of the existence or magnimude of a variahle.

2150 Moniror

A general term for an instrument used 1w sense the magnitude or status of one or more

variable.
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2151 Pune!

A structure that houses a number of instruments together with operator and process

interfaces, and internal wiring.

2.1.32 Pilot Light

A lamp that indicates a normal condition relating to an individual instrument or group of

Insiruments.

2.1.53 Primary clement

A sensor.

2.1 54 Process

An operation or sequence of operations invelving a change when compared to the

onainal datum.

2.1.55 Proccss Variahle

Any change other than instrument s1gnals.

2 156 Relay

A device that passes on infonmation in an unchanged form.

2.1.57 Scan

To sample in a predetermined manner each of a number of vanables.

2.1.38 Sensor

The pari of a loop or instrament that first encounters the value of a process variable and

determines a corresponding output.
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2.8 3% Set Poinmi

Aninput variable that determinegs the value of the oulpul variable.

2. 1.60 Switch

A device that connects, disconnects, selects or trans{ers onc or more circuits,

2.1.0] Tesr-Point

A process connection (o which no insorument is permanently attached.

2.1.62 Transducer

A device that rececives information in the form of one or more physical quantities and

gonverts The information and produces an output signal.

2.1.683 Transmitter

A device that responds to a process variable through a sensor and has an output, which

varies in relation to the process variable.
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ABBREVIATIONS

[. CGS = City Gate Slaiion

2. TBS = Town Bordcring Station

3. DRS = District Regulating Station

4. CMS = Customer Melening Station

5. RMS = Regulaling and Metenng Station

. M&R = Melening and Regulation

7. V§ = Valve Slation

5. 'S = Powcr Station

0. API = American Petroleum Insiitute

10 ANSI = American National Standard Insutule
11. AGA = Amencan (as Association

12,150 = International Standard Organization

13, ASME = Amencan Society of Mechanical Engineers

14. ASTM = American Standard Testing Materials

15. IGE = International Gas Engineers

16. OIML = Organization Intcmational Metrology Legal

17. TGTDCL = Tilas Gas Transmission and Distribution Company Limited
18. BGFCL. =Bangladesh Gas Field Company Limited

19. SGFCL = Sylhet (as Field Company Limited

0. GTCL = (3as Transmission Company Limited

21. BGSL = Baklirabad Gas Systems Limited

22. JGTDSL = Jalalabad Gas Transmission and Disiribution System Limited

23 CNG = Compressed Natural Gas
24 LNG = Laquefied Natural (Gas

25 LPG = Liquefied Petroleum Gas
20, ADB = Asian Development Bank
27.pDB = Power Development Board
28. APS = Ashugan) Power Station
29, GPS = (rorashal Power Station
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NOMENCLATURE

Differential pressure {inches of water at 60°F)

{0z concentration of sample % (mo!)

Volume flow rate at actual conditions

Symbol Eopresented Quantity
D Intcrnal pipe bore or diamcter
d Qrifice plate bore
Ca Discharge co-efficient
C Speed of sound
d Relative density
Evy Yelocily of approach factor
i Basic orilice [actor
F. Reynolds number factor
Fg Rclative density factor
Fpy Super compressibility factor
Fen Pressurc base factor
Fip Temperature basc factor
F, Flowmyz temperature factor
GC correction factor
hw
K Pulse per volume
k 1seniropi; exponent
M Molar mass
m Mass of gas
n Numbers of moles
Hlf'ﬂz
Ha, Nz concentration of sample % (mol)
P Absolute pressures
Ilow rate
O Flow rate at flowing conditions
4
qu Yolume flow rate at base conditions

Inch
Inch

[tfsec

mch H;0

Kz Kmol
Kg

maol
mol%n
miotly
psia
ft*/sec
ft*/sec

ft*sec

std. ft*/sec
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T

by
AP

Pa
Pe

Universal gas constant

Reynelds number

Reynolds number referenced to pipe diameter
Reynolds number relerenced to orifice bore
Compressibility ratio

Absolute gas temperature

Time

VolumeatPand T

Yolume at base condition

Wobbe index

Mol fraction of ith component in mixture
Expansion factor

Mol fraction of any componentin the vapor phasc
Compressibility faclor

Beia ratio d/D for orifice plate

Expansion factar

Expansion co-efficient of pipe malenal
Expansion co-efficient of orifice matenal
Diffcrential pressure

Density at Pand T

Dengity of ar

Density of gas

imch of WIC
Ibm/p’
Ibr/ft’
bt
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