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ABSTRACT

Tlla;, Gas Transmission and Di<;trihution Company Limited (TGTDCL) is a gas

marketing company, which purcha,es gas from Bangladesh Gas Field Company Ltd,

(BGFCL) and Sylhet Gas Field Company Limited (SGFCL). This gas is translllllted

through its own and Gas TransmissIOn Company Ltd's (GTCL) transmission lines 10

various bnlk customers such as Power and Ferlili~er Producing Company and distribution

network throngh vanous Clly Gate Station (CGS), To"n Border Station (TBS), District

Regulatmg Station (DRS) and Metering Regulating Stalion (RMS) to industrial,

commercial and domes\lc users. In marketing the gas, the company ISnow facing a major

probIcm, which is known as system loss.

System loss is thai portion of gas purchased, which is not accounted for by saIcs. transfer

and company u~es or otherwise accounled for, At present the net system loss is

approximately 9%, Area wi,e in some places hke Narayangonj, this figure is near about

50%. The present level of ~ystem loss needs some reduction to bring il to an acceptable

lilm!.

The main objective of thi~ study is to reduce the unaccountable gas, Identification of

~aflOUS(actors related to system loss is carried out. These factor, can be elas~ified into

lwo broad elasses as a) technical loss, b) non-technical loss, Techmcal losses arc

inevllable and the level of thc same depends on pbysieal and operating condition of the

cnstomer metering stations. Non-technical losses arc the man made loss can be many and

varies witb (hfferent factors. The mam part of it is pilferage lo~s through various illegal

means like meter tampering. regulalor tempering, by pass or un-metered osage etc.

This study covers the definition, classifkallon, calculation, background and present slalu,

of system loss Some of the special ca\l~es 01'system loss with respect to Bangladesh arc

also discussed, The action program and extended action program to reduce system loss

undertaken by TGTDCL and the furore plan or recommendation in Ih,S regard are also

discussed.
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CHAPTER-l

INTRODUCTIO

A greater awarcncss of system loss in nall.lral

has taken placc over the past dccade, Th,s development is due to the demands for

increased system reliability and efficiency, environmental and accountability Issues as

wcll as extremely important criteria to minimlle the loss of revenue.

"lhe sy8tem loss for transmission system is basically the difference betwecn the

measurement of gas mput to the summation of gas outpLltS, with a corresponding

adjustment lor changes in total line pack and other known pipeline usage and loss for a

given period,

For a distribution system thc basic concept of detcrmination of gas balance l~ same as for

a tram,mission system. however the magmtl.lde of gas outlets coupled with the variability

in demanu and complex,ty of distribution systems, means that a number of parametcrs

need 10he taken into consideration. One of the major parameters is thc IInder;tanding of

cu~tomer load profiles, including seasonal factors and abihty to use altemative energy

~()urees coupled with an appreciation of the plant proceS8. A transmission system will

tend to be a 'tight' system with respect to leakage, \vhereas a distribution system can

suffer from signi flcant natural leakage, averaging aIld estimation of gas sales, significalll

Joad/lag effects with respect lo aceount and theft or lmauthorized usage.

The study of the system loss in a distributwn system cmmot be conl1ucted in isolation of

the trmlsmission sy<,tem from which \t sourees the gas supply. This i8 because the

transmi8'lOn supplies point8 are the darum or reference point for the inpllt volume of gas.

As any mcasurement has some uncertainty it must be accounted ror and fully apprecIated

if a meaningful sludy is to be made for the distribution system loss. The volumctric

measurement of natLlml gas is complex due to the dependence on the accurate

measurement ofpressl.lre, temperature ami ~omposition.
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Tita, Gas Transmission Jnd Distribution Company LumteJ (TGTDCL) is a gas

marketing Company, which purchase gas from Bangladesh Gas Field Company Ltd.

(BGFCL) and Sylhet Gas Field Company Ltd (SGFCL). This gas is transmitted through

the companies own and Gas Transm1ssion Company LTD's (GTCL) transmission line to

vari()u." bulk customer such as power and fertilizer producing company and distribution

network through CGS, TBS, DRS and R.MS to indusllial, c()mmercial and domestic

users.

System loss 1"that portion of gas purchased, which is not accounted for by sales, transfer,

and company u,es or otherwise accounted for, This is also known as Unacco\lllted For

Gas (UFG), The factors affecting system loss all groped under two broad heads: technical

and non-techmcaL Based on operational expenence and available operational data.,

component-wise contributions of each of the technical and non-technical factors of

system loss can be estimated. Thc technical factors are estimated at about 1.25% and the

non-technical t:actors arc account for about 8,11%, the total system loss being 9.365% of

net throughput. This is shown in Table-l.l].

Table - 1,1: Estimation of Various Components of system loss estimated in year 1993

SLNo. Item of system loss System los, estmtatcd as percent of
net throughput

l. Technical system loss

i.1 Tnmsmission loss 0.49% 1.25%

12 Distribution loss 0.75%

2. Non-Technical system loss

2.1 Pilferage loss 6.67% 8,1 t%

22 Loss due to inconsistent domestic tariff t.44%

3. Total system loss 9.36%
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Of th~ customers supplicd gas by the company in (he non-hulk sector, the industrial and

commercial customers are metered eus(om""" whereas the domestic customers ar~ ,>till

un-metered. Each type of customers (and (he suhtypcs) h3s their characterisllC patterns of

ga.~consumption, -Ole associated ways 3nd mcans of gas pilferage by d,fferent types of

customers are also diffcrcnt. In the case of domestic CUSlOmcrs,it is apprehended thm

ther~ are a good numbcr of hidden or unreglsteroo customers (ghost customer, ~o to say).

It is also apprehendcd that there is sigmficant excess unauthorized apphance~ mstalled by

the regIstered non-hnlk cnstomers ofall categories, which arc contributmg syst~m loss.

Although detail snrvey and analysis are essential for the determmalion of customcr

category wise contribution to the overall non-hulk systcm loss, the same is yet to bc

carried (ltd. But a gcncral assessment in (his regard indicatcs that the domestic C\lstomcrs

are no less responsible th3n the industrial customers for thc overall non-bulk system loss.

It IS alre,idy e\'ident that thc system loss caused by non-hulk seClOr comprising or

indll,>tnal, commcrcial 311ddomestic customers. The catcgory 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: Sector wise Gas Sales (FY 2002 - 20(3)

Sector Sales (MMSCM) % Total

Domcstic 740.84 10.30%

Commercial 75.43 1.04%

Tmlustrial 1305.54 18.15%

Tndllstnal (Seasonal) 9,822 0.14%

Fertl1izer 1300.78 18.09%

Powcr 3758.11 52,25%

Condensate eqlllv, Gas 1.151 0.016%

Total 7191.68 100%
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CATEGORY-WISE GAS CONSUMPTION
(IN MMCM)

D""""M
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J
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:D"", •• lic • 740.84 10.67%
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Seasonal 10.77 0.15%

',-' •" , , •
Tntal- • 6945.32 100.00%

FIgure 1.1: Category-wise Gas Consumption
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From thc sales figures ~hown in Table - 1.2, thc non-bulk sector accolillts for about

29,63% of total sales. Thc cun-ent level of 8% overall system loss on net through put

mean, ahout 28% system loss is in the non-bulk sector. Applying 1.25% of system loss

cal.lloeuby tcchnical reason as estimated, the systcm loss of the non-bulk sector arising out

of non-technical factoR>is 6,75% which in tum means 23.7% systcm loss against non-

bulk inpnt. Bulk sy~lem loss is only the tcelmical componcnt of system loss and it is

estImated as 1,25%, The system loss ofTGTDCL system at prcscnt is very high; which

needs improvement of the existing system to rcduce it to an aeceptable liImL

The main objective of this present study is to idcntifY mea;ures rcducing unaccountable

gas. In doing this identilication of vanol.l5 contributing fadoR> relatcd to unaccountable

gas ofthc existing TGTDCL gas transmisslOn and distribution system can be classified as

technieal and non-teehnicalloss, rechmcallosses are ine"itahle and the level of the same

depends on physical and operating condition of gas. Non-technical losses can be many

and varied with variOI.lSractors. The main part of it is pilfenlge losses through various

illegal means likc meter tanJpering, rcgulator tampering, by pass or un-metered usage,

unaulh(}ri~cd connection etc. At present pilferage loss is a very acute problem and this

needs reduction to an acceptable limit.

5
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CHAPTER-2

LITERATURE REVIEW

2.1 Gas T.aw

The simple ga~ law is widely used in gas mea<;urement work, and closely approximates to

the behavIor of gases under atmospheric tempenltures and pressures. rhe simple gas law

is based on the work of Robert Boyle in the 17thcentury and Jacques Charles some 100

years later.

2.1,1 Boyle.s raw

Working with air, Boyle determined that if the temperature of a given quantity of gas

remained con~tant, the volume of the gas vanes inversely with thc absolute pressure. This

can be written as;

PV = constant

2,1.2 Charle.s r.aw

Where, V = volume of air or gas

p = Ah~olute pressure of air or gas

Charles law state that if the pressure on a parllcular quantity of gas is held constant, then

with any change of state, the volume will vary dnectly as the absolute temperature, ThIs

can be written as

V ocT

1
-=consl.
V

where, V = volumc of gas

T = Absolute temperature of gas

6
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21.3 {deal vas Law

rhe concept of ideal gas is a hypothetical idea, but it serves as a useful tool to explain the

more complex real gas behaviour. An ideal gas is defined as a gas in which the molecules

occupy negligible volume; there is no interaction between the molecules, that is, no

attractivc or repulsive forces exist benveen them; and collisions between the molecules

arc purely elastic, implying no energy loss OIl collision. At low pressure most gases

exhibit an almost ideal behavior. The ideal gas law that applies to such gases can be

stated as 10110ws(Reference - 5):

PV = nRT

'Nhere,

P =Absolute pressure of gas

T = Absolute temperarnre of gas

V ~ volume occupied by the gas

n =Numbers of moles of gas

R ~ Universal gas constant.

In general gases do not exhibit ideal behaviour. The reasons for the deviation from ideal

behavior can be summarizcd as follows:-

a) Gas molecules occupy a finite volume.

b) hlterrnolecular forces are exerted between the molecules.

c) Molecular collisions are never perfectly elastic,

The deviation Irom ideal hehaviOllr lS greater for hea~ier ga;,es hecallse of the larger si/e

of their molecules. To correct the non-idcality, the simplest equation of state Llses a

correction factor known as the compressibility factor, z: Thcn the cquation of state for

real gas become

PV=nZRT

7



The Z-faetor can therefore be consJ(lered as being lhe ratio Mthe volume occupied by a

real g<lSto the volume occup'ed by it under the same pressure and temperature conditions

ifit \vere Ideal, ThiS is the most widely used real gas eqClaiionof state

The majOr limitation is that the gas deviation factor, z, is not constant, This formula is

very important for gas now calculation especially for Turbine Meter, Rotary Meter, &

Diaphragm dJ,placement Meter.

2.2 Measurement Quality

A measurement system is an informallon sy,tem that presents an observer with a

numenc,11 value correspomhng to the 'variable bemg measured A given clement may

contain four types of elements sensmg, Signal conditioning, signal processing and data

presentation elements. These elements are now briefly described as presented m Gas

Flow Measurement, Quality and Control by GASCOR Consulting IntematlOn<l1AClstralia

(Reference - 9).

2.2,1 SCI/sin" Elemem

ThiS IS in contact with the process and gives an output that depend; in some way on the

variable to be measured. An example of a sensing clement would be an orifice plate

where the differentials pressure value is a function of flow rate.

2,2.2 Signal Conditioning E/"ment

This lak~s the output of the sen;mg element and converts ltmlo a fonn more suitable lor

further processing, usually a D.C voltage, currenl or frequency Slgnal

8



22.3 Signal Processmg F./emeJ1l

This takes the output of the condltlOning clement and converts it into a form more

suitable for presentation. An example would be an analogue to digital converter, which

converts a voltage into a sign'll form for input into a computer.

2.2.4 Data Pre5enlalion Unir

This presents the measured valLIe it! a fonn, which can be easily recognized by the

observer. An example would b~ a visual display unit. Each of these elements has certain'

characteristic> that can affect the overall pcrfonnance Mthc system. These characteristics

can be classified into systematIc and statistical characteristics. The systemallc

characteristics are tho,e that can be quantified snch as range, span, linearity, non-

linearity, sensitive, envlIonrnental effects, hysteresis, resolution. wear any aging and error

band. The statistical charactenstics are the variatIOns seen over a period of time for a

single element with a const:mt mput For many obsenations in output. some spread of

results around an expected value termed a lock of repeatahility in the element. A number

oftemls ha\'e heen introduced, and some basic definitions of these terms arc now given.

2.2.4.1 Repeatability

Repeatability is the abdity of an element to give the same output [or the same input. Lack

ofr~peatability is due to random efl"ccts in the element and its enviroIlment.

2,2.4,2 Range

The input and output of an clement is specified by the minimum and maximum values

that can he sustained, For example a pressure transmitter may have an input range of 0 to

2000 PSlo and an output of 4 - 20 rnA.

9



2.2.4.3 Span

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

transmitter example would be

Input Span: 2000 psia - 0 = 2000 psia

Oulput Span: 20 rnA - 4 rnA = 16 rnA.

2.2.4.4 Lmeanty

An clement is said to be Imear if ,orre,ponding values of input and output lie in a straight

line. The ideal straight Ime COJllleetsthe minimum points to the maximum points.

2.24.5 Sensitivity

Th,s lS the rate of change of output with respect to mpul

2,2.4.6 Environmental Effeds

In general, the output of an element depends not only on the signal input but also on a

number of environmental inputs su,b as atmospheric pressure, supply voltage, ambient

temperature and relative hUillJdlly. These elements tend to have varying mf1uen,es on

measuring elements.

2.2.4.7 Hysteresis

For a given value of input, (he OLLtPlltmay be different depending on whether the inpll( lS

increasing or decreasing. Thc difTcrence between these two values of output fOT a given

inpll( is termed (he hy,leresis lor the value.

10



2.2.4,8 Re8olldion

Some elements are characterized by the output increasing in a series of discrete steps or

jumps ill response to a continuou~ increase in inpu!. Resolution is defined as the largest

change m mput that C3n occur without any corresponding change m output.

2.2.4.9 Wear And Ageing

These elTects can cause the characteristics of an element to change slowly but

systematically throughout its life.

2,2.4.10 Error BAnds

Non-linearity. hysteresis and resolution effects in many modem sensors and lransducen

are so small that it is difficult and not worthwhlle to exadly 'lmmtity each individual

effect. In these case the manufacturer defines the performance or the element in terms of

error bands.

2.2.4.11 Reproducibility

Reproducibility is the closeness of the agreement bdween (he results of measurements of

the same mea8UTandcarned out under changed conditions ofmea,<,uremen!.

The changed conditions may include

Prmclple ofmeasuremenl

Method of me as lIremen 1

Observer

Measuring instrument

Reference ~landanl

U:Jcalion

Conditions of usc and

Time.

11
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2.24.12 Accuracy OI'Measurcmcnt

The quality of a mea;;uremen! is termed the accuracy, which is the closeness of the

agreement hetween the results 01'a measurement and a true v3lue of the measurand.

Flow meters can have acclI,<Icystatements expressed as

a) Percent of actual flow rate

b) Percent of full scale flow

c) Percent of maximum differential press lire

The equation n)T each is

Flow Uncertainly
a) Percentage of Rate accuracy =+ xlOO

Instantaneous Flow rate

ThIS statement applies to turbine meters, pulsed D.C magnetic meters, coriolis melen<,

vortex meler" flow integrators and some special meters or instruments that have

logarithmic flow scale charactcristics,

Flow Uncertainty
bl Percentage ofFullse3le accuracy =:t--------xlOO

Full scale Flow rate

This type of statement of accuracy is most suited to desc,ibing primary meters slIch as

rota-meters, AC - excited magnetlc flow meters, and components such as linear flow

recorders, square root extractors and lincar transmitters,

dp Uncertainty
c) Percentage maximum dp accuracy = +. xl 00

ma>affiumdp

ThIS type of accllracy statement usually applies to the dirferential prcssure flow

transmitters and recorders having square root gradlJations on the chart or scale.

AcclJracy "tatemenls of percent of actual Dow rate mean that the measurement

uncertainty is wI!hm tbe given percent value within the stated range for the flow

12



meter. All ()ther types of statements mean there is a fixed quan\lly of uncertainty in

the measurement regardless of the flow range.

2.2.4.13 Error OfMeasurcment

This is the result of a measurement minLlsa true value of the mea,urand,

2.2.4,14 Uncertainty ofMeasuremenl

This is the parameter associated with the resLllt of a measnrement that characterizes the

dispersion of the values that could reasonably be attributed to the measurand,

2.3 Commercial Gas Measurement

The m()st common measurement of large volumes of Gas is passmg It through a meter. In

til" chapleT a ,1lseussion arc carried on various Gas Meters, its workmg pnneip1c,

advantage and disadvantage. And these are quoted from 'Gas Flow Measurement,

Quality Control' by GAS COR Consulting Intemalional, Austrakl (Reference - 9).

2,3.1 ,lIeler Ty[l('

The following types of meters may accomplish gas flow measurement:

1) Differential pressure measurement - Orifice, Venturi and nOY,zkmeier.

2) Positive displJeement - Diaphragm meter.

3) Rotary inferential-Rotary meter, Turbine meter.

4) Fluid oscillatory - Vortex Shedding, Swirl meier.

S) Electromagnetic - Magnetic flow meter.

6) Ultrasonic - Doppler flow meter.

13



7) D,rect mass - Cariolis mass flow meter.

8) Thermal - Thermal profile flow meter,

2.3.2 MelerSclectJOtJ

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

useful for 8pecific applications, ",here as others can be widely adopted, It is important not

only from a measurement reqUIrements, but also from economic, supply, security, safety

and even customer confidence, that the correct meter is selected for the given application.

Certain parameters must be tested against to ensure the meter selection is optimaL Some

of these parameters are:-

a) Ma"mum and minimum flow rate

b) The extremes of pressure and temperatllrc at measurement conditions

c) The ranges or chemical and physical properties of the fluid

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

e) The consequences of the gas flow bemg stopped by meter malfunction

f) Available space for the installation of such meters

g) The economic consequence of uncertain tics in the measurement

h) The legal mctrology requirements

j) Cost effectIveness of the meter.

At present TGTDCL U8esthe following types of gas meters

J) Diaphragm Displacement Meters,

2) Rotary Dlsplaeement Meters.

3) Turbitle Meters.

4) Orifice Meter.

Thc commercial gas sales and customer are inteTested in both accurate and quality

measurement. A commercial contract will slate the units of measurement in Imperial or

Metric system and the base temperatures and pressures that are to be used m the

14



cakulallons. Tbe nmtact "ill also relate the price to the ql.lahty oftb~ gas and the heatmg

value. In this chapter a brief discussion of tbe above mentioned four types meter would

be discussed.

2.3.4 Posilive iJisplacemenr meter

Po,i(ive displacement meten: are used for measurement of gas. This class of meter

measures total flowing \'olume, by repeatedly Olling and discharging fixed volumes,

Many di ITerent designs are available, however they arc divided into three broad classes,

In the first d3SS is the mctcr in which one wall is of a flexible materi31 that moves to

displace the volume with no leakage into auother chamber. An ex,mlp1e of this type lS the

diaphragm meter. In the second class are meters in which a mechanical seal is used

between movable and stationary walls. The rotary meter IS an exampk of tblS class. The

third class employs a capillary element, an exanlp1e being the caplilary seal meter I.l,>ed

for liquid meaSl.lrenlent

2 -' 5 nwphragm n'spiacemcnl Meier

The most common example of this meter is the domestic gas mater. The~e meters are

produced with a G - rating range fwm G - 1.6 to G - 10 wlth operating pressure 0.4 bars.

And this lS the most widely used positive displacement meter for gas applications, The

operation ofthis meter IS simple and proven, having been in service for over 100 years, In

this typc of meter there arc two chambers alternately fill amI empty, with slide valves at

the top of the metcrs controlling thc flow to the chambers as shown in Figure - 2.1. The

gas ~oll.lme IS obtamed through a mechanical linkage mechanism, which comlects the

diaphragm motion to the mechanical readOllt system, where the nl!mber of displacements

are counted. Mechanical reliability is very high. In TGTDCL system this type of mctcr is

being used over 30 years, Dne to their prodnction in largc qU3Jltities they arc inexpensive

to purchase, The positive displaeemcnt meter can also be used for commercial and small

industrial applications, however they are I.lsed for low to medium flow raks and are

limited to low pressure.

15



2.3.5.1 Advantages

I) Cheap.

2) Well tried and proven.

3) High rehability.

4) Very good rangeablh(y.

2,3.5.2 Disadvantage

1) Malfunction will stop flow.

2) LDw-pressure operation.

3) Bulky for large volume f1o"'s.

4) Pulsations introduced into the flow.

5) Vary easy for gas p,ll"erage by making a leak or hole into the diaphragm ..

2,3.611.otmy Mrlrr

This type ofmeler cons"ts or (wo oppositely rotating impellers, which are the measuring

mechanism as shown in Figure 2.2. The volume of gas is directly related to the number of

revolu1Jons 0 I'the impeller shafts. Good rangeability can be obtained for (he rotary meter,

These meters are compact and reliable, ho"'ever since (he operation depends on

maintaining proper cJeHrance bd"cen the impellers and the case, they can be susceptible

to stress and if a malfunction occurs, then (he gas flow could be stopped. The rotary

meter is limited at high preSSLlfe.Therefore th" meier although an excellent performance

,s not regarded as appropriate lor large capacity, high pressure metering of natural gas,

2.3.6.1 Ad\'antages

1) Good range ability.

2) Compact deslgu

3) Good accuracy.

4) insensllive to upstream flow conditions.
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Figure 2, I: Diaphragm Meter (Courtesy GAS COR ConsliHing International, Auslralia)

Figure 2.2: Rotary Meter (Courtesy GASCOR C I . .
, onsu tlng !nlemallonal, Australia) 17



2,3.1 Turhine Type (iu" Meier

Turbine type gas meters have been manufactured since the early nineteen hundreds. Since

early fifbes these meters have been considered favourably for the meaMlrement of large

volume ga~ Ilow The designs have proved receivable, accurate and repeatable. As well

as being used as the primary measurement standard, axial flow gas turbine meters are

increasingly being used as calibration and reference meter.

2,3,7.1 Working Principle

Two basic assumptions relate to the operation of the turbine meter and these are shown in

Figure - 2,3.

I) The angular velocity of llie rotor is proportional to the volumetric now rate

pa8smg through the meter.

2) The pulse output frequency of the pick-up is proportional to angular velocity of

the rotor,

The axial flow gas turbme meter comprised three main components:-

a) The body throl.lgh which the gas passes.

b) A rotor willi bearmgs aud supporting structure,

c) A device to transfer the internal revolutions of the rotor to all external counter.

Gas flowing 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

pmp0rllOnalto the velocity of the gas passing the blades,

The al<'a 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 field, which pas,>e~ through a col!, As each of the magnets pas~ the coil a

separate and dl;tmct ~ollage pulse is created. The frequency of these pulses is

proportIOnal to (he velocity of the rotor is also propOltional to the flow rate. Each pulse is
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The ma,n pam of the Q - 75 turbine ga, meter are,

1, Meter body

2. Mea,uring mechanism and turb,ne wheel

3. Inlet flow conditioner

4. Mechanical drive and magnetic coupling to trammitturbine wheel
fotation outside the pressure vessel

5. Mechanical counte, for rcgi,tering the volume measured

G. Oiliubrication ,yslem fOTthe turbine wheel shaft bearing'

Figure 2.3: Turhine Meter (Courtesy lnstromet International, N.V. Belgium)
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also proportional to a small unit of volume, The pulses, the eficetive now rate and totll!

flow are transmitted by frequency and by counting the pulses, The output frequency has

been conditioned into a square waye through a preamplifier. ThIs conditIoning allows 1t

to be tnmsferred to a remote flow computer. Each pulse represents only a small

mcremental volume of flow Since the t"rhine meter measures volume at line conditions,

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

2.3.7,2 Gas Calculation

The baslC gas law rdalionship is expre~sed <ISfollows:

PrVf= ZrNRTr for following conditions

PhVb= Zhl\'RTh For base conditions,

Where,

p = Ah~olute pres~urc of gas.

V~Volumeofgas.

Z =Compres~ibility factor of gas.

N = Numher of moles of gas.

T = Absolute temperature of gas.

R = Un;ver~al gas constant.

f= subscript at following condition or gas,

b = Sl.lbSCliptat base condition of g~s,

Since R is a constant for the gas regardless of pressures and temperarnre, and for thc

same number of moles of gas N. the two equations can be combined to yield.
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\\'here,

\'b = Volume at base conditions,

V[= Volume at flowing condilion8,

Fl'm=Pressure factor.

Fph=Pressure b3SCf3ctor.

FLm= Flowing temperatme factor.

hb =Temperature base factor.

S = Compressibility ratio.

L,kew"e. flow rale OJ=V,!L

Where,

Qj = Flow rate at flowing conditions

V, = Volume timed at flowmg condi\lons.

1
= Total plilses * -

K

.•...here,

K ~ Pulses per volume.

t = time,

2,3.7.3 Applic3tion

The tmhine meter lS bas1cally recommended for application, involving the measurement

of clean gases, However, it can have limited applications for dirty gases. Turbinc mctcrs

generally come in sizes ranging from nominal diameters of 50 Jilin to 600 Jilin, although

larger si,es can exist Operatmg temperature ranges are generally within the range of -10

GC to +50 0 C. Somc oftlIc manufactmcs will providc mcters with cxtcndcd tcmpcrarurc

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

A !lumber of factors must be considered when sizing a turbine meter for a given

application. Tmbine meters are sensitive to both gas viscosity and inlet flow profile. With

the actual magnitudc of thc rcsulting dcgradation being a complex function of body
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geomelTyaml blade shape. Generally the smaller meters are more viscosity sensitive, and

they also do not have the rangeability of the larger meters, even in low viscosity gas. This

is due to bearing friction being proportionally higher sinee the bearing diameter is large

compared to pipe diameter. It is usually good practice to have an appropnale upstream

flow conditioner Installed wllh a turbme meter system

2.3.7.4 Advantage

The advantages of a Turbine meter now measurement system arc:-

a) Excellent rangeability on gas at high pressure.

b) Malfunclion wlll not calise gas flow to stop.

e) Presenl& good aecuT;ley OVeTfulliineur range of meter.

d) Electronic out put available directly at bigh resolutions.

e) Has good pre~sure and temperature operating capabi1itie~.

I) Has legal metrology slalll~ for cuslody lransfer appJicallons.

g) Cosl of meter is medIUm, overall installation cost low to medIUm,

h) Small weighl to capacity rallO.

1) Can be eahbrated for actual operatmg combtiolls.

2.3,7,5 Disadvantage

a) Viscosity effects liquid meters may require separate calibration curves for different

viscosity.

b) Sensitive to upstream now profiles

c) Calibration can be expensive,
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2.3.8 The Orifice Meier

Orifice Metering is 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 (he measurement of

liquid.

Based on the differential pressure method, the rate of flow 15compllled on the basis of

long established physical principles, The common equatIOn used for determining the total

110'" volume being based on the current AGA or ISO Standard.

The orifice plate meter IS clas51fied as a differential pressure meter. There are a number

of types of flo'~ meters, with different shapes and sizes, which fit into this category of

inferrillg flow nile fTl)m the pressure drop across a restriction, An Orifice plate flow

meter system consists of three d,serete components the meter tube, the orifice assembly,

and the dlrferential pressure gauge, The meter tube and orifice assembly are considered 10

he the primary clement and the differential pressure, pressure and temperature gauge or

reeorder are being referred to as secondary element.

2.3,8.1 MctcrTuhc

The meter tube is an important eomponent and contributes greatly to the overall aeeuraey

or the primary element There is a downstream seelion and an npstream section. The tube

must be specially seleeted for dimensional accuracy and for concentricity.

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

a) Maximum beta ratio (Pl, which is numerically orifice diameter divided by pipe

diameter.

b) Posil1(}nof lhe pre"sure laps.

c) Usc or straightcning vanes.

d) Upstream fillings.
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The AGA report no, 3 provides tables to enables selee\lon of the correct length to be

made. It can be seen that the installation of straightening vanes considerably reduces the

length of straight pipe required upstream or the orifice plate, The function of the vanes is

to ehminate the eJTcct of swirl and crosscurrent caused by pipefittings and ~alves

preceding the metcr tube.

2.3,8,2 OriJice Assembly

"l11ereare two main types of orifice <lssembly. These are double chamber and single

chamber, Both types of <lssembly can be sllpplied with (langes each side. or with a flange

on the downstream end and a wc1d preparation on the upstream inlet side,

a) Single Chamber

Smgle chamber orifice assemblies, sometimes referred to, as dead line types

require the flow to be stopped and the pipeline depressuflled bcJure the oririee

plate can be removed.

b) Double Chamber

Double or dual chamber orifice assembly allows the removal of the orifice plate

without the necessity to stop the flow or depreSSUli7.e the pipeline These

assemblies save the need for costly bypass piping and val~es, and Annabc1 one

person to remove and replace an orifice plate m a relatively short time,

2.3,8.3 Orifice Plate

The orificc plate, possibly thc most important component of the primary element IS also

very expensive, Care must be taken in designing machining. handling, storing and

installing the onJice plate,
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Usually the onfice plate is manufactured from thc stainless steel plate. Care is taken

during machining to prevent the fOnTIatlon of stresses, which could cause bowing. The

plates arc finished alicr machining, and inspected to con finn the square edge on th~ bore

remains sharp and burr free. Orifice plate scaling units are molded in a variety 01"

synthetic rubber materials.

2.3.8,0 Pressure Taps

Pressure taps may be positioned in either the i1ange or the pipe. Flange taps are

positioned 1" from the upstream and do"m,tream faces of the orifice plate.

2.3.8,7 Gas CalculatIOn

Gas flow ratc of a square edge orifice plate can be calculated as

Fp. =Numeric conversion factor.

CD(FT)= (Fe +Fsd = Flange - tapped orifice meter co-ellieient of

discharge.

)'1 = E:\pansion fador.

Fpb = PJ-eSS\lrebase factor.

F'b =Temperature base factor.

F" = Flowing temperature factor.

Fgr= Sp. Gravity factor.

Fp"= compressIbility factor.
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Where,

f3=~
D

d ~ onfice diameter

D = pip" m(emal diameler

Cd(h) = (Fe + FSL)= 0.60 approx.

YJ =1(0.41 +O.J5f3'( :' ))

x _ h",
27.707 p"

T,F =-,I,' 520

F~=
460+ Tr

F"=-V JIG whcre,G~~p.gravi(y
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The onfice platc meters relies on the pnnclplc of when a fluid is f10wmg a closed

medium (a pipe) and encounters a restriction, a pressure drop is developed, This pressure

drop is related to the flow rate of the fluid. By measunng the di fferential pressure across

the oJifiee plale (upstream and downstream of the plate) and the condition at which lhe

orifice IS bemg used, then this pressure differenlial can he translated into a volume flow

rale acconling to the fomlU1a that was d'SCllSSed earlier. Accurate measurement is

definitely possible with tll,s lype of now meter, if malfunctions oeellr the t10w of gas will

not be stopped. Orifice meters are not limited by high pressure or high flow so they can

therefore he considered for high flow, high pressure gas metering. Naturally the correct

selection of orifice plate type i5 important.

The rangeability of a single orifice meter is about 3:1, By using a series of differential

element read out device this can be raise to 9:1. Rangeabihty is the term used with meters

to express the flow range over which a meter operates whilst continuing to meet a gwen

accuracy to1crance, The rangeabl1ily can also be expressed as 'tumdO\Hl" \\'hlch " a ratio

of the maximum Jlow divided by the mllllillum flow, again oyer a given aeeun!cy

tolerance.

While there is much progres5 in flow metering, the onfice plate meter is still in wide use

owing to its robustness and simplicity. This is particularly the case in North America.

There is no doubt that a contributing factor to the continued popularity of the orifice plate

is thc 'comfort factor' it gives, that is it is a tried, proven and reasonably diverse flo\\'

mcter.

Although the orifice plate docs not normally require calibration, the dilTerential pressure

transmitter does require regular vcrilleation if the best standards of aceClracy are to be

maintained.

Thc orifice plate has been used for flow measurement applications for about 100 years;

therefore considerable data has been collected on its performance and applications. A

number of \'ariants have been developed where the profile of the plate and the location of

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

suhstantial flow error in the order of - 20% may he occurred

Important features of the plate are the requirements for, a sharp square upstream edge,

that the plate itself having sufficient thickness to withstand the expecteJ flow

charilctenstics and have a beveleJ do'Wnstream edge for applications where a thm plate

can he used, the downstream hevel requirement may not be possihle. There arc generally

three types of pressure taps used, being comer, flange and pipe.

The discussion so far has been centered on most common types of flow meters used

uniyersally on natural gas transmission systems and within process plant. Of course the

most common gas meter by far IS the Diaphragm or positive displacement meter, as u~ed

for domestic gas meters and small cOll1Illercial and mduslrial application, This type of

meter I" rohust. cheap and has good rangeabih!y, however it has hmited high-pressure

capability and is no! available with high capacities. It is hkely the onfice plate meter and

turbine meter will maintain their status for some time. The orifice plate meter is "lowly

yielding to the turbine meter and the more recently introduced non-intrusi~e meters.

Although a variety of alternative volume metering systems are available, only probably

one i~ mounting a SeriOllSchallenge to these estabhshed gas flo'Wmeters, ThiS meter is

the ultrasomc meter, however I! should be acknowledge that the vortex meter has also

gained suhstanllal populanty m some countries, but not universally There is still

eonsiderahle effort, particularly in North AmeJica and Europe, being devoted to the better

understanding of the orilic€ plate and turhme meter, including enhancement in

traceahi1Jty chams and calibration procedures.

2.4 Standards

Standards contain a vast store of human knowledge; which are a producl of past

experience and present knowledge and a guide Lorthe future. Standards can cover many

aspects, such as how an article is mude, the eharactenstles of the raw materials the
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prodlld is made from, or how an instmmcnt is applied and calibrated. Within flow

mcasuremcnt, standards arc commonly used and or referenced in te8t prOCedllfe', m the

specification of instruments, and for primary ,ahbr ••.tions. The qlIahty 01"gas delivered to

,ustomers is referen,ed to an appropriate standard, Many standards that are used are

internationally applied and re-cogml.ed. Princip1cs 01"standards related to measurements

,tandard IS quoted from Gas Flow Mcasurement, Quality and Control by GASCOR

Consultmg lntemational, Australia (Reference - 9).

2.4.! Prmc'p!e And Fealure.I' OjSlandard

The standard tcrminology will identlfy the prlllCiple and feat\lreS of the device and the

type and cHarts on thc pcrformance. rhe standard will describe the test procedurcs used

to detcrnline the magnihlde of the ell'lflronmental, appheation, and installation effects, and

it will enable the potential user to understand the application limits listed by the supplier.

It will des,ribe the mechanical and electrical interfaces that need to be meet. Certification

will ensure the performance; it assl,t, wlth dealing with new vendors.

Standards enable purchasing from multi-sources. By comparing the literature from

several competItors, using the standard as refcrcnces, the user can select between

interehangeahle devices, Standards minimize training of persOimel. With common

tenmnology and test procedures, the instmments peoplc will have an easier job shifting

from manufacturer to another and using the next generatIOn deVIce,,>to obtain morc useful

features, Standards enable updating sy,tem parts wlth ad,ancing technologies, With

common terrmnology and standard mterfaces, the newer devices or system parts will be

understood more easily and with less training rcquiremcnts.

Standards enable lower system and product costs. Thc process of writing the standard by

many experts wlil.'.landardlze on more common designs and avoid thc proliferation found

in a disorganized markct when each supplier u,es his own way to describe products and

their features. Product manlllac!urers will find a need for fewcr product variations and

thus. lower working cost, hetter delivery, and fewer special designs.
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Standards glve guidance for application and installation to achieve the performance

required. For maturc technologics standards can state the effect<. will be on accuracy dlle

to v~ri~tions of applic~tion, ~nd installation conditions. For new technologies they will

refer the user to the manufacturer with specified tcst procedures, Instmctions and

precalltions are gIven to enable the user to obtain the perfoffi13nce needed for a particular

application,

Standards provide instructions so that the flow meter may be tested, The test procedures

and a li8t of envlronmental and installation conditions will enable the user to test the

performance undeT expected application conditions or have a third party testing

laboratory perfolll the testing,

Standards provide the precautions for the safety of people and protcction of cquipmcnt

under ha>:<Irdous cOll(htions, Standards will provide design requirements and test

procedllre, \ll establish the maximum intemal pressure/temperature that the device will

sal"e1ywithstand. They WIll specify the designs and test procedures goveming installation

m hwardous locations and the definitions of various classes of hazardous loeations.

Some standards describe information the manufacturer should be prepared to supply.

some of which may he mandatory. Some standards require specific infOimation on labels

(such ~s flow direction, matcrial or conSlruction, etc.) and for the manufacturer to be

prepared to answer uscr qucstions regarding effects of envlwnmental variations (such as

corrosive atmospheres, vihrallon, motion etc), Some provide guidance instmction manual

(such as installation and trouhleshooting instructIOns). Some standards will include a list

of the information that a manulacturer can e~pect users to request. Standards ensure

interchangeability and compatihil ity.

2,4.2 Standards Rdared To Flow Measurement

Sigm [lcan\ development has been made over the past couple of decade~ wlth respect to

flow mcasurement The impact of microelectronics has been dramatic, and no dOllbl

m~ny further advances are yet \0 come, Materials enhancement has also signi ficantly

31

•



assisted in the determination of more accurate flow measurement, e',-pecially with the

elimination of some temperature and pressure constraints.

One problem (hat has developed throllgh the rapid introduction of new teclmology is the

delay in the generation of adequate standards and codes of practice. Unfortllnately

standards can take mmlYyears to develop and verify, especially international standards.

A number of standards eXIst for the established flow meters such as the orifice plate,

p08iti~e (hsplacement and turbine meter. However useable and um\"ersal standards are

still either in dran: I;mn, or do not exist for the newer tJ1)e meters such as ultrasonic and

corioli,;. "Evenmeters that have been in servIce for a lllllllber of years still may not have

an agreed international standard applicable to them. Therefore thi& section will

conCenlr.1le on existing standards, whIch are readily available and apphcable to the

orilicc platc and to the ISO slandaTd pertaimng to gas qllality, It lS important thaI

pcrsorillel cngaged in 110wmeasurement aCllVl11eshave some apprecmlJon of re1e~ant

standards. Discussion wj]j bc limited to thc following standards, (Tahle - 2.1) all of

which are widely referenced and applied with in gas industry.

Slamlartls tend to be derived from the many US organizations, as listed, or arc of

European origin. Within the European sphere, the International Organi/'ation of Legal

Metrology (Oll\1L) looks at training and legal aspect~ of 110" meaSUTement anti prodll,es

're,ommendations'. As international Standard Organization (ISO) memhership is made

up of representation from many COllntnes, it can daim to be !he oflkial international

organization,

Study of standard related to ga8 flo" measurement is important for accurate

measurement. The standard sholiid follow a,curate1y and fully to achieve goal in

measurement and safety purposes.
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Table - 03: Standard Relating to Installation, Operation, Measurement

AG,;,-3 Orifice Metering of Natural Gas

AGA-5 Fuel Gas Energy Metenng

AGA-7 Turbine Metering of Natural Gas

AGANX-19 Compressibility of Natural Gas

AGA-8 Compres51bility of Natural Gas

ISO - 5167 Orifiec Metering of Natural Gas

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

ISO-9951 Turbine Metenng of Natural Gas

ISO-5IGS Uncertainties orthe Flow Measurement

AGAPART-9 Design OfMcter and Regulator Station

anviL R-6 General Provision for Gas Volume Meter

()IML R-32 Rotary PIston Gas Meters and Turbine Meters

lGB"lD-9 Recommendation for Transmission System

TGF.TD-10 Rceommendation for Distribution System.
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CHAPTER- 3

STATEMENT OF THE PROBLEM

Titas Gas Transmission and Distribution Company Limited (TGTDCL) is a Public

Tjmlted Gas Marketing Company. which works under Bangladesh Oil Gas and Mineral

Corporation (BGO\1C) or Petrobangla and the Ministry of Energy and Mineral Resource,

Bangladesh, It purchases gas from Bangladesh Gas Field Company Ltd. (BGFeL) and

Sylhet Gas Field Company Lmlited (SGFCL). This gas is then trallSmitlcd through the

company's own and Gas Transmiswm Co, Ltd's (GTCL) Transmission lines to various

bulk customers such as power and ICrtilizer producing company and distribution network

thrO\lgh vmious City Gate Station (CGS), Town Border Station (TBS), District

Regulating SlallOn (DRS) and Regulating and Metering Station (RMS) to mdu-;lrial.

eommcrcial and domeS\lc lIsers.

In marketing thc gas, the company is now facing an acute problem, which is known as

systcm loss. It is that portion of gas purchased, which is not aeeOlJnted for by sale8.

transfer and company \lSes or othenvise accounted for. At present the net system loss is

about 9%. In some areas like Narayanganj this figure is ncar abollt 50%. The presenl

level of system loss cause a revenue loss of Taka 200 crores per ycar and most of the

losses are due to pilferage of gas by dishoncst eustom(,TI. in collation wilh the dishonest

officials of TGTDCL. For the progress of our national development, this needs mgent

red\letion to an acceptable limit.

3.1 Objective Of The Study

The main ohJecllve of this study is to identify measures in redllcing the system loss. In

doing this there arc several objectives in terms of analysis. These are:

1) To define the problem.
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2) To study the background and present status of the problem.

3) To classify the system loss,

4) To classify the gas users.

3.2 Analysis Of The problem

1) To analyze the TGTDCL transmission and distribution network.

2) To analy7c the contributing factors related \0 system loss for a gas transmission

sy~tem.

3) To analyze the contrihuting ractors related to system loss for a gas distribution

system,

3.3 Study

1) To study the system los5 - A case study (year 2002-2003).

2) To study the measurement uncertainty in a gas calculation procedure - A case

study.

3) To study the existing metering sy,,!em ofTGTDCL.

3.4 Identification

I) "10 identify some speClal problem of TGTDCL gas transmission system regarding

system loss.

2) To identify some special problem of TOTDCL gas sales/distribution system

regarding system loss.
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3.5 Action Programme

1) To study the action program (0 reduce system loss by TGTDCL.

2) To study the extended action programme to reduce system loss hy TGTDCL.
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CHAPTER- 4

SYSTEM LOSS

To 8tlldy the 8y~lem 10s5of Titas Gas Transmission and Distribution Co. Ltd. (TGTDCL)

it is vcry important to define the tenus in respect to TGTDCL sy8tem and this definition

should be consistent \"ith the Gas Engineenng. Tnthis chaptcr, dcfinition of system loss is

carried out with rcspcct to TGTDCL system. Also an intemationally acccptcd formula to

calculate sy8tem 10s5 is introduccd in this chapter to make a comparison with thc

pTesently used [ormnla,

4.1 Definition Of System Loss

System loss also called Unaccountcd For Gas ahbreviated as UFG of gas transmission

and distribution system, ThIS is the difference between the net purehase or throughput to

the total sales, Net throughput can be wrillen as the total purchase minus own operational

lise of the system. In TGTDCL system, UFG are equated as,

UFG = net thrOllghput -tOlal sales.

Net throughput = Pllrcha.';e- Operalional use, 0 f the sysk1Tl.

But imernarionally the recommended fommla for UFG can be written as,

;l; Unaccounted For Gas (UFG) = Gas now in - Gas flow out - Gas used/vented/lost:t

change in line paek:t measurement uncertainty,

The unit, of calculallon for the ahove shall be 'thousand (M) or million (MM)" standard

euhlC meter (SCM) as may seem convenient tor calculation/presentation.

The system loss or UFG shall be generally referred and reported on yearly basis for

accounting purpose. Operational, monitoring and periodic reviev.'s by all eoneemed may

however be done on monthly, quarterly or half yearly ba8i~ as reqllired. Some calculation
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forms for this purpose are attached herewith (Appendix - A). Tll realize thc system loss,

it is importanl to define the tcrm properly, if the sy"tem loss call bc define properly then

it wl11he easy to idcntify all sort of system loss.

4.2 Classification Of System Loss

Systcm loss III a gas lransmissioll and distribution system may arise out of twu principals

sources I) techmcal or operational factors and 11)various non-technical fact<JTsMuch of

Ihe technical or operational factors llf losses arc inevitable and Ihe level of the sanle

depends on ~uch thitlgS as conditIOns of physical facilities, methods of operation, and

qualily of gas handle, skill ness of the operating people, climatlc/environmcntal

conditions and so forlh. The othcr losses arising out or non-tcchnical sources can he

many and varied in nature and often have a direct hearing on social environment or

operation. Looked from thc above point of view the system loss in TG rDCL system may

be clas<;dicd as follows:-

4.2.1 Technical Losses

a) Tran~mission losses due to such factors as pigging, purging, testing, vet1ting, relief

blowing, commissioning, leakage, hase condition variation m fluw volumc

calculation and condensate accumulation ele.

b) Distribution losses are dlle 10such factors as above and nel\vork leakagc, scrvicc line

leakage, cll,tomer intemallinc leakage, metering loss, ba.,e condition variation etc.

c) Bulk metering loss m gas receiving and major delivery POillt8 such as gas fields, pipc

lines tie-ins, power station, fertilizer plants etc.

d) Non-bulk metering loss in delivery POints to industrial commercial and domestic

consumers,
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4.22 Non-Trchmcal Losses

Pilferage of gas by customers through various illegal meanS including bld not limited to

meter bypassing, meter tampering, regulator tampering, Imauthori7,ed cormections, higher

pressure conwmptioll, unauthorized use by dlseonnected customers, under-billing by

suppressed meIcr reading etc arc in this class. Other losses existing at present arc due to

improper nat rate domestic tariff.

Non _ teclmical losses are the pilferage of gas by customers through various illegal

means including but not limited to the following:-

1) Meter by pass.

2) Meter tampering.

i) Slowing the mdex.

il) Reverse rotation of index.

iiI) Changed the gear train system.

iv) Changing the index.

v) Re,ersing mcter inlet- outJet.

3) Reglllatortampenng

4) Unauthorized connection.

5) Higher pressure consumption.

6) Unmlthorized use hy dlSe01lllected cu,tomer.

7) Unauthonzed usc by the disputed customer.

8) Under billing by suppressed meter reading.

9) Improper domestic tariff rate.

item wise share of indiVIdual elemcnts can be estimated. The overall system loss ;R a

matter of comprehensIVe sllldy. Some efforts have already been givcn in this regard by

TG TDCL. Currcntly the ltem wisc contrIbution of various factors in the overall systcm

loss is estimated as follows subject to more realistic Identilicationlanalysis under the

activities of Revl~ed Time Bound Action Programme (RTAP)in this regard arc given in

Table - 4.1 and Table - 4.2.
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Table - 4.1: Technical (SystemlOperatlOnal) loss estimateu in year 1993

,) Tran~mission Loss Component wise Share ortota!
udnhution of UFG
total UFG

a.1 Pigging/ purging/tes Iing/ventinglb! 0wing/ 0.003% 0.032%
eommlsslollmg

,.2 Line packing 0.002% 0,021

0.3 Leakage 0001% 0.011%

,.4 Metering =" "' purchase point. on~ 0,235% 2.511%
transmission DRS and Bulk RMSs

0.5 Base condition variation 0.215% 2.297%

,.6 Condellsa\lon 0.034% 0.363%

Sub - Total- 0.490% 5.235%

b) Dlslrihlltion Loss Componenl wise Share of tot a!
distribution of UFG
lotal UFG

b.! P 1gglng/p11rgi ng/testill g/ventingfb !owing/ 0.025% 0,267%
eommlsslomng

6.2 Ijnepaeking 0.010% 0.108%

63 Net work leakage 0.100% 1.068%

b.4 Service Ime leakage 0.025% 0.0267%

b.5 Customer inlemal line leakage 0.100% 1.068%

b.6 Metering error at customer's RMSs 0.400% 4.274%

b.7 Set pressure variallOn 0,100% 1.06S%

Total Teclmical!oss: 1.250% 13.355%
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Table - 4.2: Technical (System/Operational) loss estimated in year 1993

Non-Technical losses

a. Pilferage comprising:

Meter tampering

Meter by PilSS

ljnalllhori~ed extension from appHwed conneCllon

Unauthorized new connection

Unauthorized use by discormected customers

Regulator tampering

Under billing by suppressed meter reading

b. Loss dlle \0 inconsistent flat rate tariff base

Total non technical loss =

Total Ul'G (teclmica1 + non -tcchnical)

6,670%

1,440%

8.110%

9.360%

72.61%

15.384%

86.645%

100.00%

It may bc noted that the figures given in Table - 4, 1 and 4.2 are only estimated ones and

the estimated 9.36% ofUFG is net of company's gas input. Thc level of company's own

u~e of gas was not erstv,hile properly recorded because in most locations necessary

facilities did not exist and the detail accounting was not also considered. But from now

omvard TGTDCl is setting up all neCeS8aTYfaclilties as far as practicable to record the

consumption of gas for company's own operational use,>.
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4.3 Background Of System Loss

Unaccounted For Gas (UFO). generally refeTTed to as 'system los.';'. Tn Titas Ga.';

Transmission and Distribution Co. Ltd. (TGTDCLl, system loss has increased over the

last few years to an alarming level. From well below 1% in the FY - 1982-83, UFO

jumped to almost 2% in the FY - 1983-84 and to about 4% in (he FY - 1984-85. The

increase in the gap between the gas purchase and sales by TGTDCL continued and shot

up (0 a level of 6% in 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 FY - 1998-99

and l( Increases about 8,5% in IT - 1999-2000 and reman] near about constant tlll FY-

2002-2003. The ;y8tem losses for the 35 years lifetime ofTGTDCL are shown in Table-

4.3. A bar graph (Figllre - 4.1) and a curve (Figllre - 4.2) are also shown in this respect.

The increase in the level ofUFG natllrally becomes a matter of great concern ror aU who

arc involved in tbe gas sector management. The Government attached utmost importance

on the matter and directed Bangladesh Oil, Gas and Mineral Corporation (BOGMC) or

Petrobangla and TOTDCL to take all necessary steps to control deterioration of the

situation, in a bid to assess the real position, TGTDCL undertook necessary steps ror the

identification of the factors responsible for the UFO increase and to find ways and means

for effective reduction of the same. The first major step in lhis direction was the

submission of a report to Petrobangla on the subject in Febmary 1991. In Allgusl 1993

TOTOCL launched a time bound action programme 10bring dO"11 the then level ofUFG

7-8% to 2,~% within FY 1994-1995, which was known as Revised Time Bound Action

ProgEumne (RTAP). Soon after the launching of the RTAP elaborate activities were

imliated in all areas of system operation and customers level. The activities yielded

inilially posi\lve results and monthly system loss reduced to G%. This improvement

however could not sllstainoo and UFG became a ralSlng concem for the company.

Although major areas of gas losses, resulted ultimately in reVenlie loss for the company,,
only identification and estimation or relative eOntriblition of the im.hvitlllal factors are
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being made bld no vIgorous action program could howcver be launched III the pas!.

Routine activities eontinlled which however failed to yield expected results and the

system loss of the company wa.>over R.35%.

TGTDCL hw; launched a number of multi directional activities in March 1993 wilh

intimatinn of ASlan Development Bank (ADS), the major donor agency, lender the

guidance of the Government and Pelrohangla. These effolts have resulted in the

collection of sizeable useful data and (ilmlUiation of an elaborate action program that was

forw~rds to AVS and submitted concurrently to Petrohangla. ADB fact-finding missions

have meanwhile conducted necessary reinvestment activities for the proposed Third

Natural Gas Devclopment Project (TNGDl') lhat which includes a number of system

development works [or TGTDCL

The action prognllll submitted earlier by TGTDCL has been meamvhlie discussed at

varioll'> levels. The discussions on various items and sub items of the factors respOllSlble

for system loss III TGTDCL system suggest some modifications of the earller program.

The previoll'; prognun has been accordingly revised and rescheduled.

4.4 Present Status of System Loss

At present the gross overall system loss is 8.28% and for non-bulk sector it is 24.08%. So

much activity arc needed to initiate in all areas of system operation as well as cll,;tomers

level. The aclivitles include inspection and improvement of region wise input metering,

customer meter inspection, meter testing, meter replacement, customer RM:Ss scaling,

disconnection, load increase etc.

The system loss in tcrms of revenue loss for the company is snbstantial. In tile context of

scarce domestic rcsource available for development of the sector, the lo;s on account of

this is by no means acceptable. Keeping in view the future investment needs in system

development and operational improvement TGTDCL has left with no a1ternaUve other

than lmmedwtely redncing the growing rale.
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Table - 4.3: Year wise overall system loss

Fiscal year Gas purchase Gas sales UFG as percent 01' Remark
purchase

1967-68 6,37 6.37 0,0% No loss

1968-69 29,27 29.27 0.0% I No loss

1969-70 89.62 88.29 1.48% I we,
1970-71 227.18 225.45 0,76% Loss

1971-72 118.65 115.98 2,25% Loss

1972-73 426.99 429.29 0.54% Gain

1973-74 558.80 557.86 0,17% LDSS

1974-75 292.26 294.57 (-) 0.79% G","
1975-76 579.53 584.51 (-) 0.86% Gain

1976.77 631.15 634.57 (-) 0.54% Gain

1977-78 649.62 652,07 (-) 0.38% Gain

1978-79 771.89 775,17 (-) 0.42% Gain

]979-80 896.17 889.40 0.75% we;
1980-81 1003,72 984,40 1.92% Loss

1981-82 1458,00 1429.43 1.96% Loss

1982-83 1619,16 1570.70 2.99% Loss

1983-84 1900.37 1828.16 3.80% Loss

1984-85 2216,92 2129.14 3.92% Loss

1985-86 2273.67 2137.24 6.00% Loss

1986-87 2688,12 2527.04 5.99% Loss

1987-88 2977.88 2827.32 5.05% Loss

1988-89 3171.63 2951.66 6.94% Loss

1989-90 3474.70 3235.00 6.88% Loss

1990-91 3667.04 3439.67 6.25% Loss

1991-92 4092.32 3834.97 6.29% Loss

Contd,
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Conld. (Table 4.3)

Fiscal year Gas purchase Gas sales UFG as percent of Remark
purchase

1992-93 4742,00 4298.39 9.35% Loss

1993-94 4661.89 4316.71 7.40% Loss

1994-95 4877.94 4493.31 7.89% Loss

1995-96 5280.57 4907.59 7.06% Lo~s

1996 97 5447.51 4999.31 8,23% Loss

1997-98 5534.29 5123,67 7.42% 1.0"

1998-99 6106.15 5622.72 7.92% Loss

1999-00 6658.01 6091.51 8.50% 1.oe;

2000-01 711\8.673 6494.82 9.65% Loss

2001-02 756S,liS 6503.81 9.26% Loss

2002-03 7586088 6594.82 8.35% Loss
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4.5 Classification Of Gas Users

To study the system los, of Tita, Gas Transmis,ion and Distribution Company Ltd,

(TGTDCT.), it i8 vel)' importanlto know the types of gas users and their load paUem. It IS

also important to kno", the moral and ethical value Mthe customer and ability to pay gas

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

flow rate and type of gas uses.

4.5 ! J)omestle Customer

a} Used as a residence,

I, Home/Building,

2, Residential building orDerense Department.

3, Residential quarters or Bangladesh Rifles (BDR), Police, Anser, and Village

defense pariy.

4. Residenllal quarters ofjal!.

5. Resl{\entral quarters of vano us department!Direetorate AgenCIes.

b) Opcrated/uscd for non-commercial purp08es;

1. Hostel, laboratories, Canteen of the educational institution.

2. Ol'pharuJgc, Hospital, Guesthollse, Circuit house, Inspection Bangloo/Dae.

Bangloo.

3 Canteen of jail, pnsoner kitchen.

4, Canteen and Messes of Bangladesh RIfles, Police and Anser.

5, Government child home, graves, trust, charitable orgam-<ation.

6, Canteen and mcss/kitehen oflabor adjacent to industry.

7, Personal owned mess.

8. Canteen of various offices.

9. All lype of mess and canteen of defense department.
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4.5.2 l"duslrhd C"slomer

Machinated ~mall and collage mdllslnes situated in Bangladesh Small and Cottagc

Industries Corporation (BASIC) industria! statc, machinated brick, refractory, sanitary,

dcctric good and others commodity-producing industries, servicing center and blg

industries are within this class.

4. .13 Season,,! Customer

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

ba~i~(!e~s than ~ix month) are within thi~ clas~.

4,5.4 Tea-Stale Customer

Tcalcaf drying proeessing and additional works (except generator load used for power

producing) gas using customers is within this class,

4,5.5 Power Station Customer

Government and non-Government Power station that arc using ga~ as a feedstock

for power production arc ",--ilh;n this class.

4.5.6 FerlJhzer Producing Customer

Government and non-Government fertilizer factories, \vhich are using gas as a feedstock

for fertih.<erproduction, are \~ithin this class.

4.5.7 Captive Power CUSIOmer

Customer tho~e who prodll,e power by using gas with their own use are within this class,
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4.6 Rearrangement Of Customer Classes

To hring the consistency with lhe nalene and Objectl"e of lhe ga~ \l~ers cllstomer classes

arc rcarrangcd.

1. Non-Bulk Customer,

a) Domestic customer.

(i) Domeslie metered.

(ii) Domestic un-metered.

bl Commercial customer.

c) Indusllial customer.

d) Seasonal customer.

c) Tea-state customer

2. B\llk customer.

a) Po"er prod\lcmg cU8lomer.

b) Fertilizer producing customer.

c) Captive po\ver producing customer,

4.6.1 Defimtion And Characteristics Of Various Type a/Customer

Definition and characteristics of various types of customers are discussed helow:-

a) Domestic customer

House/Bllilding useu as a resident, Flat/Colonies of various Government/Semi

Government/Autonomous organi;-:atlOn and Hostel, Laboratories, Canteen, Hospital,

Mess, Child home, Hennitage, Tomb, Charitable organization are within this class,

Domestic customer can he divided inlo (wo classes.
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(i) DOl1l~.,>ticmetered.

(ii) Domestlc unmetered.

oj Commercial Customer

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

small and cottage indnstries, servlcmg centcrs arc with in thIS class. A list of commerclal

customers arc given below:-

I. Hotel and Residential Hotel.

2. Shop/Factory, which are produclllg ~weet.

3, R~staurant!Chinese Restaurant, Canteen and Tea-stall.

4. Chira/Mori producing faeloT)'.

5. Privatc clinie/laboratoryiHo~pita1.

6. Community C~nter.

7. Snakes/Cabaoghour.

8, Bakery" Confeetionery/ lAlgences/ Chanaehure/ Shemaie/ Biscnit producing

fadories (Hand operatcd).

9. Shopl1'otlery/Ccramic/PaintiMedieine pTOducing factories (Hand operated).

10. Dlstill~d "aleriDieing and Printing/Laundry/Tannery/Shari producing Jactory

(Hand opcrated).

ll.lce/lce cream prodllcmg factory (without machine).

c) Industrial Customer

1. Small and Cottage industries situated m BAS Ie industrial estate,

2. Machm~ operated factory installed personally or with the help of vanous money-

lending organizations like Shilpa Poridaptar, BASIC.

3. Large scale industry/factory/organization and hotel, which are using boiler,

g~neTator etc.
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4. Factories, which are prod\lcing brick, tiles, ceramic, refractories, sanitary,

eledncal and otbcrs goods by machine.

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

d) Seasonal C\lstomer

1. Seasonal manual brick prod\lcing factories.

2. Seasonal tobacco leaf drymg factory.

3. Seasonal sugar cane and fruit processing industrics.

c) Tea-Statc Customer

1. Tea-statc thosc who use gas for lealeaf drying proccssing and related works

(cxcept gcnerator for power gener-Ilion).

f) Powcr Generating Customer

Power station owncd by Bangladesh Power Development Board and largc scale any other

Government and non-Government electricity gcnerating plants thal are \lsing natural gas.

g) Fertilizer Producing Customer

Govemment and Non-Government fertihzer pmdllcing factories that are using natural gas

as a feedstock.

h) Capli,e Po\\.er Customer

Customcrs who are producing power with their own use with gas generator using natural

gas as fuel.
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The number of 'ariou.s customers and their average daily use of ga~ are shown in Tables

_ 4.4 and 4.5. 1( is thought that the actual numbers of customers arc higher than those arc

recorded. This is because no cu~tomer survey is conducted in the 35 years life of the

company, So to reduce system loss customer su.rvey is very lmpor(ant and for customer

survey classification of various customer is also an important issuc,

Table - 4.4: Prcscnt Customers and Average Daily Sales (May 2003)

Sector Customer Nos. Avg. Daily Sale % of Total Dady
(MMSCF) Sale

L Bulk Sector

1.1 Power 16 379 4R.I%

1,2 Fer!ili'l.er 4 145 18.4%

Sub Tolal: 20 524 66.5%

2. NOll-bulk-sector

2,1 Domcstic 891,432 89 11.3%

2.2 Commercial 7,413 8 1 0%
.

2.3 Industrial and 2,842 105 13.3%
Captive Power

62 7.9%

Snb-total: 901,687 264 33.5%

Total: . 788 100%
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Table - 4.5' Daily Sector Wise Gas Input and Sales (May 2003 Averages)

,eclor Avg, Daily Gas Avg. Daily Oiff, Between % Gross
input (Operational) Sale (Ddled) Input and System Loss

(MMSCf) (MMSCF) Sale on Input
(M1vISCF)

1. Bulk Sector

1,1 Power 379 379 - -

1.2 Fertilizer 14G 145 I 0.07%

2, Non-Bulk-soxtor 321 264 57 17.75%

Total: 846 788 58 6,85%
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CHAPTER-5

NETWORK ANALYSIS

Starting with the gas supply of Shidderganj to MW power station in 1968 a l4"<!'

transmissIon pipehne was built from Ghatura, Brahmmonbaria to Demra City Gate

Station (CGS), Demra, Dhaka and a distribution Pipeline was built from Demra CGS. to

Shidderganj, Namyanganj, by the fonner Shell Pakistan Ltd. Which is now named as

Titas Ga' TransmlSSlOn and DistributIOn Co, Ltd. (TGTDeL), the blggCSt ga, marketing

company of Bangladesh, This company is now marketlIlg gas with a very ",ide network

that is from B-Baria to Aneha and from Munshiganj to Sherpur. Thc company supplies

gas to various bulk customers like power anll fertilizer producer or Governmctlt sector,

IndiviliLillI Power Producer (IPP) through bulk RMS and industrial, commercial and

domestic customer through various City Gate Station (CGS), Town Border Station

(TBS). Dlstrict Regulating Station (DRS), Regulating and Metering Station (RMS).

5.1 Transmission Network

These are those portions of the gas pipelincs, which are connected from source (Gas

field) lo the various eGS, TSS and bulk RMS, In TGruCL traJ1Smlssion system the

regulated pres~urc is 1000 PSIG. These types or line can be seen in the castem part of the

TGTDCL network from Habiganj, B-Baria, Narsingdhl, Dhaka, Joydcvp\lr and in greater

Mymellsingh area. A table (Table - 5.1) rcgardmg the diametcr, length and capacity of

the transnllSSlon pipelines arc attached in this respect. Also a diagram for the TGTDCL

network and tranehise area is shown in Figures - 5.1 and 5.2. The company also uses

GTeL's transmIssion pipelines (Ashuganj - Elenga 24"Q) inch and Bakhrabad - Demra

20"Q) lIleh} to feed some bulk customers and distribution network. At present the gas

supply to transmission network is insufficient. Every day shortage is ncar about 50

MMSCFD. Duc to thIS shortage low pressure remains all over the transmission nelWork.
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5.1 1 Problems III Transmi.,sion Network

The transmission network constructed early seventies bccame lmdersized in its capacity

m the context of the m~reased gas dcmand in thc residential, commercial and mdustrial

scctors. Unplanned expansion and modification of the transmission network increases

operational abnormalities. At present main problem of the transmission networks are:-

1) lncOll';istent pressure variatIOn in the network.

2) Se,ere pressure drops in various part of the network.

3) Pressure drop during peak hours,

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

5.2 Distribution Network

DistributIOn pipeline starts from the outlet of a CGS, TBS, TBS cum DRS and ends to the

customer's premises. From the ou(]et of CGS, TBS or TBS eum DRS gas enters into the

distribution network through the distribution main lines and ends to the inlet of a DRS.

Fl'Om the ontlet of a DRS gas enters distriblltion line&, feeder lines, branch lines and

service lines. A table (Table - 5.2) regarding the main (hstributions lines with diameter,

length and capacity are attached in this respect. Through the distribution network gas are

supplied to non-bulk cnstomers, which are also subdivided into five areas as described in

Tables-5.3 and 5,4.

5.2,1 Prohlem Of Distri/mlion IVenvork

In 1970 the city of Dhaka hOOa population of about onc million and the network was

designed on this population with a forecasting of population grol'ith of 25 years, But the

populations of Dhaka city increased more than the forecast figure. Today the mega-city

Dhaka is facing a tremendous public pressure and this is increasing day by day. As a

resl.lllpresent population of the metropolitan Dhaka stands at over 10 million,
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Tahle _ 5,1: List of Major Transmission Pipelines

SI Dosmp,,"n of Pip<ilOe, 5pecificatLOn Completlon

" y""
, A,hupOl- Glenga 24" ON x 1000 PS1G " 125,00 KM 1991

, Monohord, _ l\-alSlOgdl 20"DN " 1000PSIU , 25,00 KM 1997

"
~mlO~d, _ ~iddlT~anJ 'II" IJN x 10(HIPSIG • 41.()1IOM 1~9S

, ffaTipLI[>'s.~ I\ES Ha[]po' R\lS 2(Y'O~" 1000 I'SIG • I jO KM 2000

, T,t", G,,, Field _N"","gdi '" 12 1(,,'Dl' < 10O!1I'SIG • 46.01 'M 1985

, NaTlLOSd,-ChOT""al,lh"d palallcllin, I(t ON • 1000 PSIG , 121)0 KM 1999

, Gh,tu[a M II<-R Statlon-Nn"ingd, " 12 14" IlN • 1000PSI(] ,49,39 '" 191>8

, ~ar,,"gd, "s 12-.De1OmCGS 14"ONx 1000 P'il(; • 32,41 'M 1968

, l'a1Singu, '" 12-.{lhom,,1 2x14" U'/" 1000 PSI(", 23.31 KM 1985

" GllOrn,.Hoyde"p"' CGS 14"DK ,,1000 PSIG x 24.50 I(I,j 1%5

" D",-,'.noagh (on the ~KB_Demm!"",mi,,ion hoc)- 14"ON • 1000 I'SIG x I 5S KM 1987
Haripu[ Powe<Stn R\lS

" T,la, (h< Field ~h"urn .~l& R 5'""0" 12"DN < loon PSTG x 1-07 'M 1%8

" H"bLganjGo<F'Old-A'"U8'"J '" 3 12"IJN < '000 PSIGx 57,75 KM 1981

" Elcnl'"-1I8rak,ndi 12"D~ • 1000 PSIG" 4300 KM 1991

"
Dhanu"~~Iymen,ingo 12"DK < 1000 PSIG x .\('.00 ~ 1992

<C, A,hLlg,nJ" .1•• ~I'S Comple, 10"ON < lIIlI(J I'SIG • (J(,9 'M 1968

" A,~u8anj v., 3 - ZFCL Complex IZ" DN • 100(1P51G , 3.43 'M 1980

" Coar j{'gollr,mp'" (M;mcn,in~h) ~ RPCL Po",,, '" UN • 10{lOPSIG • 5.00 '" 19'!R
S'n, Complex

" Bcl,bu Gas Pleld _ Narsin~~I;os II 8"DN x '000 I'SIG < D 00 K\l 1997

" Ta,.,kand, .. SHIioh.barl~ Jan"lp"' 8"/(i"D~ x 1000 PS](, x 31.00 KM 1993

" Mymon,mgh - Ne!rokona 8"l(i'lJl' " 1000 PSIG" 40,00 K\1 1994

n K,,,"!, (,a; FLeid- Juydevpur CGS 6" DN ,1000 PSIG < 1932 KM 1983

B J,,,,,,II'"' ~ Sho,>,"r 4" DN • 1000 PSIG , 16.00 KM 1993

B Monohor~l- K"horeganj (," UN • 1000 PS1(, • 35,00 K~1 1994
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GAS FIELDS OF BANGLADESH
WITH TRANS<~ISSlON SYSTEM

==o
~

BAYOrBEIIGAL

Figure 5.1. Translulssioll Pipehnc
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TIle distribution network constructed during early seventies in the old pari of the city and

Narayanganj beCil]1le undersized in its capacity in the context of the increased gas

demand in the industrial, commercial and domestic sectors, Unplanned growth of the gas

network creates operatl<)1lal problem. At present the main problems of the dismbution

networks are:-

a) lnconsistent pressure throughout the distnbution networks.

b) Severe pressure drops in various part of the network.

c) Pres,ure drop during peak hours,

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

Network analysis is very important to diagnosis the source and demand of the gas

tran,mission and distribution system, To calculate region or area wise gas flow it is very

important to isolate that region. Non-isolation of netwOTkean increase system loss.
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Table - 5.2: List of Major Dl,>lnhution Pipelines Mound Dhaka City

" Dc""ptlOn of P'pelm" ~pcClfic"llUn Completioll

"" "", monu, \~ - Dh,m"" (:(,~ (Prop,) 30"Wb 1000 PSIG Pl0pmed, Dh,"ua "S, -- [knga '" 24" DK x 1000 PSIG x 51.7 K),I Ploposcd, Eleng' TBS _ Tanga,] DRS 12"lJl' x1,OPSI(; x 12.4 KM 1989, Jo,<I", pur ~ CGS Chal1d", (ASIA n"lo Bricks) DRS 10"DN x ISO PSIG " 25 KM 1987

+ Chand" DRS ~ Cadet Collc~e DRS 10" DN x ISO P';I(l > 9.2 KM 1987
Cadet College DRS ~ ~1i,'''pur DRS III" DN > 150PSIO " 14,8 KM 1987

; Mir7"pur DRS ~ KOMia lJRS (PTQjJ.) HY'D'l x i50 PSI(; x 14 KM 1987, Koratia DRS (Prop,) _ Tangail DRS 10"DN x 150 PSIG x 8 KM 1987, JO)U'\'pu, CGS - Tong, DRS (Prop) 16"DN,.lnOPS1G> IZ..1K~l 1999

'" Joydc\puTCGS- Iongi DRS 12"DN x 1.10 PSIG, 12,5 K~' 1977

" IOl\glTBS ~ Mh"lia lBS (Prop,) 1(,"DN " 300 P~I(, x 8.5 KM 1999

" A,llulla TBS- Dh.ml'ai m~ (Prop) 16" D~ ,300 PSIG Proposed

" Asil"I,. lunct,on - Tong, D~S 12"D~ " 150PSIG, "..1 K\I 1916

" A,~"I" 1""ctlol\ - S."" DRS 12"DN " 1.10 PSIG, 2.9 '" 198(,

" S,""' DRS ~ OhammiDRS 12"DK ,1.10 I'SlG x 6 Z I(M 1~87

'" DIl"mc", llRS - MaTIlk~,njDR~ 12"DN " I.ln I'SIG x " 'M In7

M Manikg,nJ DR'i ~ ~Iich" DRS 12" DN " 1.10 PS'G x 17.J '" 1987

" Ton~ TBS~ TeJ£:KI1lTBS J(Y'D"I24" , D~ x ,00 PSIG I'roposed

M I'onglDRS ~ UITalOIlRS 12" DN x 150 PSI!; , 58 KM 1982

2') Iit",," DRS. Jo""ilai>ara DRS 12".'6"DI{x 150PSIG x i 22 KM 19~7

" Jo""hahal a DRS - Ju"oTlonI'ornt 12"D)\' ,15(JPS1Gx76 KM i'I'!J

" J"o'''oo 1'0;l1t--Gubh.n DR~ 12"DN " 1.1(1I'SlG x I 8 K~1 1997

" Jun,"o" Point ~ M;rpur DRS 12"DN x 1.10 I'SIG > HM 1997

" Junc'lOn po,"r ~ CaLllonmcn'DRS g"DNx l.ln PSI(j x ,~, 1997

" C,ntonmen' DRS _ .~Iirpur DRS W'DN > 150 PSIG x ; 'M 1968

" (;ul,llan DRS -~Tcjgaon TllS 12"DN , 150 PSIG x 4 KM
~7n Dhamrai lBS . HaLa"b,gh DRS 30" DN!}4" Ill' x JOn PSIG Pro sed

" H,,,,,,b.gll IBS ~ Jlnl,ra TBS 30" DN'" 24" DN x )00 PSIG Proposed

29 Mhul,a JunetlOu ~ Amlnl>:17:lTlJRS 12"DN ; 1.10 PS!G ; II-:' KM 1984

'" Arn"'~M~' DRS Hoz"rib,£h DRS 12"D" ; 1.10 PSI(, " 9.2 K~' 1997

" H,,,,lc'''.gh T~S Jm'ml DRS 12" D" > 150 PSI(j '00'
n T'J~a"" Til~ _ Nandi".", TBSIDRS 12" DN • JO(J P~IU > " 'M 19G7

" N."d'para 'IBS/DRS ~ DelOraCUS 12"DI' > JOII I'SIG " 6,7 KM 1967

" DemlaCGS - Po",gola DRS 14"DI\' ,1.111PSlG " "n KM;
10"DN " l.liI PSIG , 6,4 KM 1~(,7

" Po<togalaDRS - K.d'lOl.11 DRS 10" DN " 1.10 PSIG ,,~ 1967

'" K,dom'ali DRS - Goo"",1 DR'; ~ Panch.ball 24"DN ; 150 PSIG " 9 KM '002

" Kau,m",li DRS ~ J'"JlT' DRS ~"DN > 150 P';IG x S KM,
R",CTero'SLog (14" DN x ""PSIG x 457 m) 1981

" Derm, COS '" Dh""," DRS IG"DN " JOU P~I(; , 6 KM 2002

N DIl,,";. TBS ~ Cit)-Cen",l DRS 16" lJN " 150 PSIG " (, KM ZO(l2

'" Demnl CGS _ SlddirgaLlJ~"IS 14" DN ; 150 PSIG , 4.1. KM 1%9

" Slddl[~"nj RM~ _ Godnail DRS In" D~ " 150 PSIG " ]4 KM 1969
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Table - 5.3: ';"reaWise Division orNon-Bulk Sedor

SL No Name oflhe region Area

01 Metro Dhaka Sales Division Dhaka C1ty corporation (DeC) and lOne
(MDSD) adjoining non-DCC area like Jinjira and

Dcmra

02 Regional Sales Department I Sitalakhya, East Bank, Sonargaon,
(RSD -1) Haripur, Rupganj, Narayanganj, Bandar

and Munshiganj

03 Regional Sales Department 2 Savar, Manikganj, Dhamrai. Tongi,
(RSD-2) JoydevpllT and Tangail

04 Regional Sales Department 3 Bramman-Baria, Ashuganj, Bhalrah
(RSD-3) Bazar, l\'arsinghdi, Ghorashal, Madhobdi

05 Regional Sales Department Mymensmgh, Bhaluka, Nelrokona,
BR (RSD-BR) Jamalpur, Sherpur, Trishal, GafIorgaon,

Dhanua, Tarakandl

Table - 5.4: Area Wise Customer of Non-Bulk Sector

Category RSD-l RSD-2 RSD-3 MDSD RSD-BR Total

lnd. 560 605 84 1091 28 2368

Ind. (S) ~ 40 108 4 ~ 152

Commercial 810 332 160 5327 129 6758

Domestic 80552 79294 16561 560325 23837 760569
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CHAPTER-6

CONTRIBUTING FACTORS OF SYSTEM LOSS

FOR A TRA1'lSMISSION SYSTEM

Contributing factors are those, which havc a direct bearing on system loss. In a

transmission system there may arise a number of eontnbuting factors, which are related

t" system los" Thcse faelors arise from the design faults and impedect operation.

Improper seleetlon of a flow meter can also cause system loss. Metering station

cunligur31ion has a direct elTeet on system loss if these are nut built as per the

International standard. Meter run desIgn is also an Important factor, lmproper meter or

rcgulator and control valve selection can also cal.lse pulsation, which can increase system

loss. Improper operation of the transmission pipeline valve station and metering and

regulating station also cause operational problem and meaSllrement error. Safety and

environmental issues are also important and these should be considered during desib'lling

period. A numbeT of contributing factors related to system loss for a transmiSSIOn system

arc listed and discussed in thlS chapter these arc as follows:-

6.1 Contributing Factors Of A Transmission System

1) Pressure measurement.

2) Temperature measurement.

3) Density measl.lrementispecific gravity measurement.

4) Determination or calculation procedure of compressIbility or super

compressibility.

5) Lme p3ek and its ealcnl31ion.

6) Metering statlOn configuration.

7) Meter run design.

8) SelectIon of meter (Type, size and accuracy) ..

9) Meter rangeabl1ity.
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J 0) Meter repeatability.

11) Installation effect.

12) Un-metered usage due to meter damage.

13) Pulsalion effeet.

14) Condensation of nat mal gas.

15) Gas velocily or Reynolds nlimber.

16) Gas quahly.

17) Relier or venting.

18) Purges,

19) Leakage.

20) Calibration of meter.

21) Cahbralion of secondary instruments 8uch as recorder, gauge, trammitter and

transducer.

22) isentropic exponent usage for calculation.

23) ElevatlOn/Barometric effects,

24) Conversion proce8S.

25) Accounting procedures.

26) Billing or accolinting cycles.

27) Uninterrupted power supply for conlputerized metering system.

28) Swirl and cross Clirrent

29) VcloCltyprofile.

30) Foreign malerials.

31) Changes of gas composition.

32) Profile distortion.

33) Intcrnal pipe n1l1ghness,

34) Primary now clement.

35) Metering run inlet header,

36) Chart recorder and chart reading.

37) Prehemingofnatural gas.
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6.1.1 Pressure Measurement

Metering pressure measurement has an Import3nt effect on system loss, lncorrect

pressure mea811Th'lTIentdirectly affects sy~lem loss because of direct involvemenl of

pressure In gas calculation proec<1ure,

There are a number of devices and instruments available for the measurement of pressure.

The simplest pressure-measunng device is the pressure gauge, and the most common of

all the pressure gallges utilizes !he 'Bourdon Tube'. An accllraey of about:t. 1% ShOlildbe

available for at lcast the uppcr range value of a good 'Bourdon Tube' type pressure

gauge. There are some master pressure gauge with an accuracy of:l; 0.25%.

Pressure gauge~ also adopt bellows as the means of translating the pres~ure into a visual

scale. By usiug the concepl of Bellows, Bourdon tube and Thermo-well, Mechanical

recorder arc produced by the manufaclllrer with diJTerent ranges and sizes, whieh are

used to measure the differential pressure, stalic pressure and temperature of gas with

circular cllilrt, The accuracy of this device is:-

a) Differential pressure element::!: 0.5% OHlin seale.

h) Static pre~~llre clement::l; 1% offull scale.

e) Temperature clement: :l:1% of full scale.

Another pressurc measUllng dcvice that i~ called pressure transmitter. Nowadays for

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

1) Variable resi~live pressure transmittcr.

2) Variable inductive pressure tnlnsmittcr.

3) Variable capacitive pressure lransmitter,

4) Piezo-e1eclrie pressure transmitter.

The variable capacitive type pres~llre transmitter IS now widely Llscd for pressure

measurement. Most electronic pressure lransmitter has a 4-20 rnA output signal, whieh

corresponds to 0% and 100% of the given pressure measuring range. A wide range of

pressure can be measured WIth this transmitter. Nowadays-smart transmiller with
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'HART' (High-Way Addressable Remote Tran~mitter) protocol is used lor pressure

measurement. Accuracy of thIS type oftransrnitter is 0.1 % or less. No" it will be useful

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

6, I, 1.I Incorrect Location Of Pressure Tap

The correct location of the pressure tap is important not only from the requirement to gel

a representative reading, but also to ensure that the gas flow past the tap doe~ not ereale

any undue turbulence which could be detrimental to the proper operation of the flow

meter. Unfort\lnately it is not always pos8iblc or practleal, to have tbe pressure tap at the

ldcalloeation. Tn situation8 sllch as this, corrections are to be given for preSS\lre readings.

For flange tap type Orifice Meter the location OfpreS8Uretaping point are:-

I) Upstream t3p: 1" ineh upstream of the nearest plate face.

2) Downstream tap: I" inch downstream oI"lhe nearest plate face.

For Turbine Meier in dose VIcinity of the whed, a special reference pressure point P, is

proVIded. An error will be inlrodnecd in ptessure measurement; if reference point

pressures are not used, In Titas, system most of the tapping point are other then the

special pressure point, Pro $0 there may arise an error for pressure measurement.

6.1,1.2 Faulty Gangc Recorder Or Transmitter Used

Sometimes a fauHy pressure gauge, recorder or transmitters arc used on a custody

pressure point, which accuracy is higher than :t I %. This type or pressure measurement

has a strong effect Oil system loss in transmission system,

6.1,1.3 Pressure Gauges, Recorders And Transmitters Are Not Calibrated At Regular

Interval

Son>etimes pressure gauges, recorders and transmitters are not eahbraled as per

manufacturer recommended interval. This may create error in gas measuTement.

66



6.1.1.4 In conect Reading Of Gauge Or Pressure Recorders

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

to read pressure incorrectly which may increases error in gas meaSlirement.

6,1.2 Trmperature Measurement

Two scales tend to he more commonly used for temperature measurement these heing the

Cel~illS and the Fahrenheit scales. For the Intemational System of units (SI), the Kelvin

('K) and for F. P. S. system Rankine ('R) are used as a temperature measurement scale.

Among the process variables temperature is very difficult to controL Temperature must

be mea~ured WithOlil any interference. This can be achieved by a number of ways like

expansion and contraction of liqnids and metals. Changes in electrical resistance, change

in intensity of emitted radiation and changes in volume or pressure of gas. The most

common temperature measurement devices are:-

a) filled thermal system.

b) Thermocouples.

c) Liquid in glass thermomeler.

d) Thermistors,

e) Resistance Temperatnre Detedors (RTD's).

f) Radiation p)Tomelers.

g) Bimetallic devices,

h) Smart temperature transmitters.

Selection 0(' the best sensor for a given application can be a function of temperatnre

range, sensitivity, response time, initial cost, maintenance, accuracy, reliability and power

requirement. Overall control requirements arc also important. This can lead to the

selection of a mechanical or pneumatically transmitted system, giving freedom from

external power sources and simple maintcnance requirement. On the other hand higher

accuracy ~ml sensitivity and multi sensing ability may makc the eleclronic system more

attractive. Temperature measurement and its conversion have a slrong effect on



measurement. Incorrectly measured temperature vallJe can alter the actual now quantity.

Some of the potential errors regarding temperature measurement are discussed below.-

a) Incorrect thermo well point or tapping pomt

Sometimes thermo well or temperature tapping points are not installed according

to recommended standard, For orifice now measurement this standard is AGA

Report no. 3 or ISO - 5167. And for Turbine type gas metenng this standard is

AGA Report no. 7 or ]50 - 9951. According to these standard the temperature

tapping point wIll be in between five nominal pipe diameters from downstream of

the meter.

h) Under or over size thermopile

The protrusion length of thermopile should be Y.,of the nominal pipe diameter or

150-mm whichever is less Sometimes under or over size thermopiles are u~ed for

temperature measurement. Undersize thennopile cmiliol measure the correct

temperature of the gas. On the other hand oversize thermopile (length) produces

turbulence, which causes measurement error.

c) Incorrect temperature gauges, recorders oftransmitters usage

Somellmes illeorrect temperature gauges, recorders or trallSml[ters are used to

measure temperature. TIJis creates error in temperatlJre measurement.

d) Incorrect gauges, or recorders reading

Sometimes technician reads temperature manually from a gauges or recorders.

These causes error in temperatlJTe reading, which may cause measurement error.

c} Gauges, recorders and transmitters are not calibrated at regtllar interval

Gauges recorders and transmitters, which are nol calibrated at a regular or

recommended interval may cause measurement error,



f) Thermo-wclls are not filled with oil

For correct temperature sensing of the flowing gas the lhem1o-wdJ should he

filled with oil. This completes heat transfer from gas to oiL But in the existing

8)">temthe thenno-well arc not filled with oil. At present it is filled with air or

water, So it is not po~sihle to get the correct tcmperature of the t10wing gas.

6 I 3Density Measurement

Measuremcnt of density is necessary not only for mass flow measurement system but

also for a computerized volumetric flow measLlrement system. Thc traditional mcthods

for density measurement are to measure the mass of a fixed volLlme of fluid or thc

volume of a fixed mass. This u,>ual1yinvolves taking a sample of the fluid from the

proce~s vessel or a plpehne to a laboratory for weighing. Although this method can

prodLlce accurate resLllls, it is impractical for most process and pipeline applications, Due

to the requirement for an in-situ measurement device, the dem.itometer was developed.

Densitometer sometimes SllO"'Shigher density value than the actual due to eondensatlOn

of gas in the device, This may alter the 3etual density valuc of following gas and caLIse

measurement errors.

6.1,4 Compres."h,lilyOr Super CompressihililV Detenninalion

Compressibility is the abihty of a material to reducc in volume whcn subjected to an

ll1crcasc 1Il press LIre. Super compressibility is reciprocal of compressibility.

Compressibility and super compressibility determination are needed for calculatmg gas

flow And this has a strong erfect on system loss,

Thcrc arc three more common methods for the calculation of comprcssibility these are:-

i) AGANX-19

ii) AGA-8
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i1i) GERG,

Although NX - 19 has been universally used to determine the gas compressibility fador

Fe", field measurements in both the U.S,A. and Europe show major discrepancies

between the acrnal measured compressibihty and that derived through the application of

!\'X -19, This has led to independent research work by Group European dcs Recherche

Gaziers (GERG) and thc Amencan Gas Association (AGA) into improved methods to

detennine gas compressibility which is discussed in Gas Flo"" Mea~urcmcllt, Quality and

Control by GASCOR Consult hltemational, Australia (Reference - 9). Although the two

groups cooperated through the exchange of data, difl"crcnt result8 have been produced,

Both studies havc resulted in reports th~t gIve sets of equatlOns to calculate thc gas

eompressibihty'Z'.

The flo" measurement quantity may vary subjecting to thc method used for

compressibility measurement. AGA - 8 is the bcst me\bod for compressihility

measurement.

6.1.5 Lme Pack And Its Calculalion

Line pack is the amount or gas that always remaitls in the pipelinc from \be purchase

figure. V,'Jth the huild up line pressure thc amount of gas packed increase~ in the pipeline.

As pressurc is always changing in the pipeline und pressure is highcr in the lean hour than

the peak hour. So lme pack is higher in the lean hour, Line pack is always changing. Line

Packs or change oj" linc pack has a strong effect on system loss calculation procedures.

Compressibility must be inclllded with the line pack calculation dlle to compressible

nature of natural gas. Tfthis is not included in thc line pack calclilation then it ",111cause

mcasurcment enOL

6,1.6 Melerinx Station Configura/Ion

The overall design of a Regulating and Metering Station (RMS) should have regard to the

paJticular cond11ions and duties thai it is rcquired to peTform, As per International Gas
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Engineer'~ recommendation IOE Tn - 9, to install a &\15 the following requirement arc

neee~sary>

a) Range of flow rate required.

b) Range of inlet and outlet pressure related to flow rate.

c) The degree of security for supply required,

d) Cleanliness of the gas in respect of both solid particle and liquid entailment.

e) TIle need fOT preheating prior to pressure reduction.

f) The neeu for metering,

g) The need lor noise control.

h) The requirements for lelemeter infonnation and remote control..

1) Any special eharactensl1es of the load when the installation 18 sllpplying an

industrial or commercial customer.

j) The requirements for maintenance,

6. I .6,1 Recommended Minimum Requirements

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

IGE-TD - <) (Reference - 2). These are:-

a) Two or more high-pressure inlet filters with suitable valving and connections to

permit design with one unit out of action, Means to avoid the entailment ofliquids

in the gas entering a regulator assembly and, if necessary suitable provision made

for their removaL It is particularly important that the ga; supply to regulator

control instfllments should be free of liquids and dust and suitable filters or

filler/separators should be installed as appropriate.

b) Two or mOre streams of pressure regulators each stream to contain at least two

regulators, so that if anyone fails, the remainder will maintain safe condillOnS.

Where the installation is not a major supply or is reinforcement off lake,

consideration may be given to the provision of a single stream of regulators only.

Upstream slam - shut valves should be filted on all strcams of regulators, Thcse
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requircmcnts for the pro, ision of slam-shut valves are as a safety device. Small

installatlOns where thc potcntial gas relea"e via a rdief valve can be allowed. A

combination of slam shut and relief valve can bc used for higher capacity RM.S to

enSLlrebcttcr safety.

c) ]nstallations should be design to withstand inlet pressure conditions through to the

final outlet valvc. Where this IS not reasonably practicable, the dcsign should

mclude intcr"stage relief vahes in each stream where morc than one stage of

pressurc reduction is involved. Such rdief valves should be at least of sufficient

capacity to off-set the effects of gas passing due to tal! use of rcgulators to "lock-

up" at times of no flow. Protection may also be afforded by providing an auxiliary

tnp switch for thc slam shut valve. In ccrtain circumstances failurc of a pressure

reduction installation to "lock-up" at periods of low Jlow may cause the normal

workiog pressure of the system into which it dehvers exceed. The use of a relief

valvc and vcnt of sufficient capacity to offset this failure to lock-up may be

considcrcd if the operatlOll ofthe slam-shut system ISunacceptable.

d) ]\ is neccssary to consider "hether or not preheating of thc gas is required to

avoid unacccptable low temperature in thc down stream pipe work and auxiliary

systems following pressure reduction. If hcater is installed then thcy should be

controllcd in such a way as to avoid high gas temperatures, which can damage

any seals, dlaphragms or valve seats in equipment such as regulators, meters,

relief, alvcs Cle.

Tn ShOTta regulating and metering station should bc induded the following

equipmenl:-

(i) Insulalingjoint.

(ii) Inlet emergency shut down valve.

(iil) Knock out separator! scrubbers and filter scparmors.

(iv) Hemcrs or heat exchanger.

(v) Valves and vahes actuators.

(vi) Slam-shut valves.
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(vii) Regulators.

(viii) Silen~ers.

(ix) Reliervalvcs.

(x) Meters.

(xi) Liquid separator.

If the metenng stations are not Installed as per the international recommendation then

there may c<luseoperational (ilffiellities and meaSllremerlt error.

6.1,7 Merer Run Design

To obtain a rcliable and accurate metering it IS just not a matter of selecting an

appropriate flow metcr. The choice of flow meter will affect the meter run, however the

dcsign of the meter mn is paranlOunt irthe flow meter is to perfom] reliable and accurale.

Thercfore a strong interdependence exi"ts bel\.veen the meter and the nleter nUl desIgn,

The meter mn design requirements and limitations mll"t be reviewed in conjunction wIth

the flow meier eharacteri<;tics, Taking this mlo account, togelher with meter

m~nufacturers rccommend<llions and those given in the recommended standards

generates a hst of items may include but not limited 10(Rel"crcnce - 9). These arc: -

• Reynold" number sensiti"it y.

• Rangeability limits.

• Flow characteristics (intermittent, continuous, etc.).

• Maximum and average line prcssure,

• Allowable preSSllTedrop across meter.

• Space <lvailability,

• Calibration/proving requirements (legal metrology rcquirements).

• Maximum and average operating temperature, cost expectations (cap]lal,

operating).

• Properties of measured flUld (corrosive, viscosity etc,).
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6.1.8 Selecting A (ias Meter

In sele<:ting a gas meter, one must fir51 determine the type of meter that will be best

suitable for the application. Meter choice will be made by the data that have been

gathered l"orthe overall station design. Following data are need for selecting a gas meter

(Reference - 9):-

• Volume flow rate _ Maximum, minimum and average hourly flow rate.

• Pressure - Maximum, minimum and average operating preRslire.

• Type of load - ,teady, t1uetuating, intermittent.

• Physical and chemIcal property of natural gas such 3S gas COlllposition, water

content, COl. N1, hea(mg valve, density, viscosity, corrosiveness, etc.

• Daily Range - Ratio of maximum to minimum hourly volumes in anyone given

24-hour period.

• Space availahility- Room that can be used or is available.

• Economic consequence; - Accuracy, safety and service of primary impoTtanee.

• Legal metrology requircments - Approval of legal metrology (OIML

Organization Intemallonal Metrology de Legal).

• Cost effectiveness

• Duration "f operation of the meter.

• Consequences ofthe gas flow rale being stopped by meter malfunctIOn.

There is no llniversal meter; each type has some limitations. Some mcters may only be

useful for specific applications, whereas others can be widely adopled. The correct meter

selection" important not only from a measurement requirement, but also from economic,

~upply, sccurity, safety and e\-en cll,lomer confidence. The following types of meter may

accomplish for gas flow measurement: -

(i) Differential pressure measurement - Orifice, venturi and nozzle flow meter.

(ii) Positive displacement - The diaphragm meter.

(iii) Rotary inferential- Rotary meter, turbine meter.
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(lV)

(v)

(vi)

(vIi)

(viii)

Fluid oscillatory - Vertex shedding, swirl meIer.

Electromagnetic - Magnetic flow meter.

Ultrasonic - Doppler.

Direct mass - Coriolis.

ThemJal - ThemJal profile.

Tn transmission system Orifice and Turbine type gas meter of vano us sizes are used

for gas measurement. Faulty, under or over size meter selection can increase

measurement error which interns increase system loss.

6.1.9 Flow Range Or Rangeabilu}' Of Me/a

This lS the ratio ofmaximl.lm and minimum flows llver which the meter W111maintain the

,>pedfied aecmacy or hneanly Rangeability has a strong effect on syst~m loss, Because

meter with improper ranged can not measme truly. Accuracy is how close to true flow the

meter can measure. This is I.lsuallystated as a percentage over a flow range. And linearity

is the ability of a meter to maintain a constant calibration factor throughout its specified

flov.' range.

The range~bilitv of a single orifice meter is about 3:1. By usmg a scries of differential

element Tead out device this can be rai~ed to 9: 1. Rangeability is the term used with

metcrs to express the flllW range over which a meter operates whilst continl.ling to meet a

given accuracy tolerance. The rangeability can also be expressed as 'turndown ratio'

which is a ratio orlhe maximum flow divided by the minimum flow, again over a glven

accuracy tolerance. On the other hand rangeability oftl.lrbine meter is very high, Atlowcr

or medium pressure it 1520:1 and it increases as pressure increases.

Rangcability is very Important for meter selection. Where the gas consumption is stable

or whcre there is no load variation then it will be wise to usc an orifice meter. And for

load variation turbine meter can bc used efficiently. Selection of an improper range meter

can increase measurement error, which in tums m~"Teasessystem loss,
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6.1.10 Repealuhility

Repeatabihly is the ahility of a meter to replicate the same readmg each time given that

the same flow conditions exist. It is the closeness of the agreement between the results of

succe8S1Vemeasurements carried out under the same conditlOns.

Repeatability cond,tions include: -

Thc same mea5urement procedure

The same observer

The 8ame measuring instrument used under the same conditions

The same location, and

Repetition over a short period oftlme.

A meter with closest repeatability is desired. It is expressed in percentage. /\. repeatability

value of 0.10% is a yeT)' good one. Repeatability has a strong effect on system loss.

Meter with higher repeatabihty value can increase system loss and lower repeatability can

decrease it.

6,1, 11 Ilistallal;on Effect

Installation has a strong effect on system Joss. It may affect proper metering and

operation For proper metering of natural gas it is very important to consider the

installation factors. In this ~tudy a brief discussion of some of these factors are given

below:-

1) Provision ofadeqnate filtration.

2) Requirements ofpreheatmg the gas,

3) Elimination of liquid droplet and vapor presence with the gas,

4) Elimination of pulsation and t10w surges.

5) Elimination of the possibility of reverne flow.

6) Access requirement for maintenance and openltion.



7) Regulator, h~zanlous 7onc, safety requirement, secondary instrumcnt and

interface requiremcnt.

8) Sources ofinterfcrcnee and special requirement.

Installations those are not built as per the internationally accepted standard like ANS],

API. Dh~, NIN, IGE, AGA, ASME, ISO ASTM etc, may cause improper operation and

measurement error which intern's increases system loss.

6, I, /1 Un-melered Usage

In a transmission systcm sometunes it is not possible \0 meter gas due to damage or

absence of gas meter. Un-metered uses are not reflected in the system balance or system

loss cokulation process. Third party that which is not very casy to identify somctimes

domoges gas meters, Flow meters of CGS, TBS, DRS and RMSs are damaged by third

party with a "iew to creatc a disturbance in calculating input gas of a sales area. So un-

metered usage have a strong effcet on system 105s.

6 './3 P"lsalion 1'-:tJeet

PulsatlOll created by flow control valves, regulators and some piping configurations may

calise &If;rullcant errors in gas [Jow measurement. In rccent years the Plpdmc and

Compressor Research Council (PCRC), a subsidiary of the Southern Gas AssociatIOn,

commissioned and rllnded various pulsation rcachcreh project at Southwest Research

Institute (SWRI) m San Antonio Texas. This is discussed in "Appalachian Gas

Measurcmcnt" short course - ]999, U.S.A. (Reference - 8). The PCRC sponsored

research programs concludcd that pulsation induced measurement errors fall into two

broad categories.

a} Primary Element Error

\Vhich includes square root averaging crror (SRE), menial errors, and shifts in the

onlice co-efficicnt.
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a, I Square Root Error

In our transmission system most of the illIturll1gas measurement is performed

with orifice plales. Gas volume (Q) is cll1culated using the basic formula

Q<=C'JM'xP. Tbe fixed orificc coefficient (C') is deslred [rom a formula

found in the latest e<.iltionor AGA Report NO.3. Differential pressure (!'IP) and

line pressure (P) are measured with mechanical chart recorders or electronic

transmitters. Under steady - state flow conditions, gas volumes can be

accurately measured with current statc-of-the-lIrt equipment. However,

maccurate measurement occurs when the D..P modulates, or changes, at a

frequency greater than the frequency that the measurement ,;yslem extracts the

square root of the "'P. Pulsation from control valves, pressure regulators, and

some piping configuratIOns are one source of frequent i'IP modulation. The

measuTement error referred to above is cll1led Square Root Error (SRE) - the

calculation of unsteady flow using the square root of the average "'P vs. the

average of the square root values of the instantaneous !'IP. Because SRE is

directly related to flow measurement error, it has become a very important topic

to those who buy and sell natural gas. SRE is the largest component or primary

clement error caused by pulsation.

a.2 Other Primary Element Errors

Though SRE is the largest component of pulsation induced primary element

error, under extreme pul,atlOn conditions, inertial error and coefficlent shiJIs

will hoth increase in magnitude. A brief explanation of each follows:-

a.2.\ lnertill1 Error

Pulsating gas flow will tend to remain in motion due to its inertia. As a result,

flow velocity change8 lag behind !'IP changes. Inertial errors are insignificant

un1css pulsation anIplitude and frequency are boili relatl vely high,
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a.2.2 Co-efficient Shift

Though difiieult to quantify test data indicates that pulsation level above 1.5%

SRE contribute to shift in (he orifice co-cfficient.

b) Secondary Element Errors

Which e(m~ist of gaugc line distortion and gauge linc shift, together commonly

referred to as Gauge Line E1Tor(GLE). Gauge linc a en-or eXI,;ts when Ap at the

taps docs not equal to the (\p at the cnd of gauge lines. It IScaLlscdby pulsation.

6,1.14, Conden;;"li"n G/Naillral Gas

Withm natural gas environment !he word condensate refcrs to the liqUId lhose are formed

by the condcnsation of a vapor or a gas; specifically, !he hydrocarbon liquid separated

fmm natural gas because of changes m temperarnre and pressure when the gas from the

reservoir is delivered to the MLrfaeeseparators and inlet separators of a Regulating and

\1ctering Station (RMS). The Condensate fonncd this way is essentially madc up of

pentanes and higher hydrocarbon. In a gas transmission and dislnbution system liquid

condensates are separated through th:inock out, filter and liquid separators and collected

into the under or over ground storage tanks. Then the collected Condensate is delivered to

0il distribution Company through tank lory by carrying contractors,

For system balancc or loss/gain calculation these colleded eondcnsate are converted to

eqUIvalent cubic mctcr of gas, Presently a converwm of onc-litre condensate is equal 10

one-meter cube natural gas a, per the recommendation of Chemical Engineering

Department of J3angladesh University of Engineering and Technology (BUET).

Condensate collection facility and efficiency has a great mfluenee on system loss.

Because this increases openlllOnal abnormalitics and measurement error. Sometimes

condensates are carried to the dislribution network causes operational problem. Some

quantilJes 0 r condensate arc losses by pilferage in collusion with the carrying contractor.
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61./5 Reynolds ,lIlumher

Reynolds number Re i5 a dlllleIlsionless variable, which represents the nature of the flow

in a pipe has strong influence on measurement.

IN"R •
" I'

where, R<=R~Y'lOldsnumher

p =Density or gas

V = velocity of gas

D = Diame!er of th~ pipe

'-'=Dynamic vIscosity.

Reynolds number has been found to be an aeeeptahle correlating parameter that combines

the effects of visco5ity, density, and Plpellll~ velocity. A high Reynolds number meam

that viseon5 forees arc small, whereas a low value means that viscous forces dominate.

\I\'hen the value of Reynolds number 15 below 2000, the flow is termed laminar,

Turbulent flow is said to exist when the value i5 above 40,000. Reynold5llumbers, which

falls between these two valu~s, the flow may be laminar or turbulent - this being termed

a5 trarl51tion area

Re < 2,000 Laminar flow

2000 <Re < 40,000 transition zone

Re '> 40,000 turbulent flo".

for the mea5urement ofNat-.ral gas, the Reynolds number will be normally well above

the transition zone. It is always advlSable to check the Reynolds number sensitivity when

considering a particular flow meler 1yp~ for a gl\'en application.

80



6 1.16 Gil.\' QUlllily

Gas quality has a strong effed 011opcration of the station and measurement sy,>tem.The

gas should be pipelme qlIality one. So gas must be filtered through KOn (Knock Om

Drum: 1l is one kind of liquid separator) and two-stage filter separator. Dirt, dust, pipelinc

debris, waters and water vapor, higher hydrocarbon or eondcnsate should be removed

through these separating system. If these sorts of things are not separated then it will

create a great impliise on meter vane showing measurement on higher side and

consequently damages the meter.

6.117 Venting ThrollghReliefValve

Sometimes gas is vented throllgh the relief valve of regulating runs, separators (KOD,

filter and liquid separator), condensate line etc. when thc gas pressure exceeds the <,et

point. This situation ames in the ofT transmission COS, TBS, DRS and hulk customer

R1'v1Sat the lean hour say at 01 00 P.M, to 05,00 P,M, hour every day weekly holiday

penod and &peclal holiday like 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

cause operational anomaly and system loss.

6.1,18 Purges

Purges are the amounts of gas thm arc release to the atmosphire during a pipeline

operation or a regulator setting or otller related RMS operation. Sometimes this amount

of gas is not recorded in a pipeline operal1on. These increases system loss. The purges

5holiid be duly recorded.

6.1.19 Leakage

Loss through leakage fr0111the tran<;mi"sion piping system is less importllIlt because there

are Ie,s chances of this type or leakage, Transmission pipeline nehvorks are less

complicated and Cat1Jol1cally it lS protected.
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6,1,20 Merer Calibration

Meter calibration and process of calibration has a strong effect on system loss, Meter that

which is not calibrated at a reglilar interval recommended by the manllfactmers may

calise measmement en-OLThis increases system loss.

0.1.21 Calihralioll Of Sec011dar v Element Uke Recorders GaufJes And Transrmtlers

Calibration of the secondaTY element like ehart recorders. gauges and transmitters has a

strong effect on flow measurement. If these shorts of instruments are not calibrated at a

re~ular interval the lInecrtainty of measllrement process increases. This increases system

Io-,s.

6.1.22 henlrol'ic R,polleiU Usage For CalculatIOn

The isentropic exponent (K) is a thennodynamic s!atc property that estabhshes the

relationship between an expanding fluId pressure and density as the gas flows througb the

orifice plate bore, The natmal gas isentropic exponent value IIsed for calculation process

reqllired an exact one. An eTTOneOliSisentropic exponent IIsed for calculatmg gas Dow by

orifice mctel' has a strong effect on nle;usurement uncertainty.

6, 1.2J ElevatIOn/Barometric Effect

Gas 110w rate of 'the individllal metering station are ealclilated on the basis of the

barometric height or elevation of sea. And mdividual metering stations barometric heigh!

"nol ref1ecled in Ihis regard. This eallses measmement errnr.

6,1,24 COllversion Process

Therc may have chances of system loss or Unaccounted For Gas (UFG) with in the ullit

conversion process of the gas calculation procedure, If the conversIOn factors are not

properly IIsed then thc ealclilated amollnt call vary from the actual.



fd 25A(;(,(JUnlingProcedures

There m<lYhav~ chances of increase system loss if proper accolmting procedures are not

use m calculating gas bill preparation HndpaJ'IllenL

6,1,26 Rilhng Cycle EJJecl

Billing cycle is the time between the consequent billing month. ThIs 15 the first day to the

last day of a month. The met~r reading of all transmission installation should be collected

at the same time. If these are not c()l1~ctedat the same time then tot<llga" flow will higher

or less than the actual gas flow. On the other hand billing cycle of ~ales systcm is 21" day

of a month to (h~ nnd day of the next month, this in COnSJ,>teneyin billing may cause

system loss.

61.27 !nlerrupwd Power Supply

If the power supply for the flow computer, gas chromatograph, pressure, differential

pressure and temperature transmitters are interrupt for some time then (he now computer

fail to compute the gas flo" rale at that time. So the flow computer shows less gas flow

than the actual flow, So inlelHlpled power supply is a strong factor for system loss for the

computerized gas computmg system.

6.128 Swirl And Cross Current

One of the major design faults for a gas metering system IS having a number of pipe

bends dos~ to each other. This results bnlk swirl, which may persist for significant

distances downstremn in the pipeline. Obsen-alions of actual conditions have confirmed

thaI this liistanee can be in excess of 1000 D, To pLl((his m perspective, 100 D is up to 10

times greater than the upstream straight length provided by some metering system design

(Reference - 9).
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Swirl may OCCllr alone withm a pipeline system or together with velocity profile

distortion. Generally swirl is the result of having adjacent bends in different planes wilhin

the pipe, The usc of straight lengths of pipe can reduce or ehminale swirl, wIth the

viscosity of the fluid influencing the length of straight pipe required, This means a liquid

would require a much shorter p'pe length than the natural gas, Of course, flow

conditioner Can alRo he used f'or reducing swirl within a pipe. The decay of SWIrl is a1>,o

inflllenced by the pipe wall roughness. For a very smooth internal pipe "'all, SWlrlmay

persist (or well over 100 pipe diameters downstream of the source.

Swirl and crosscurrent has a very strong effect on flow measurement, In presence of swirl

the now measurement may be faulty. Swirl in the direction of flow can mcrease the now

ratc than the actual and opposite to the flow direction decrease the flow rate than the

actual value.

6.1.29 Velocity Profile

It can be seen thaI the Reynolds number IS a guide to the profile and stability of the fluid

flow pattem. For laminar flow (Re < 2000) the profile is parabolic and it is not influenced

by the pipe wal! roughness. At these conditions a particle 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 flow profile is nelll"ly flat, with particles travelling at the same

veloclty. The excepllOn bemg parllcles close to the pipe walls interfacc, which travel at a

lower vc1oeity. Velocity profile has a strong eITeeton gas measurement.

6.1,30 Foreign Ala/erial

Different metcrs will rcact differently to the presence of foreign material within the flmd

hcing measured. Thc foreign m31crial may result in ahrasivc, eOJTosiveor pulsating action

on the meter. This in tum will lead to inaccuratc !low registration or cven stop the meter

complctcly.
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6 1.31 Changes OJ Gas Compositions

Knowing the composition of the flUId and its likely rate 01'change ean be important for a

number of reason" For gas flow measurement it is desirable to free from dirt dust and

decay. The composition and changc of composition can also significantly aller the gas

dcn,ity. Some gases are unstable and may cause measure:ment problem~ by breaking

compositions along the pipeline, which will initiate a change of state, With changes of

gas eomposition the den,ity of ga, wIll change, Since gas composition is not analyzed in

online or regular interval rather lt as;ume~ a constant value. So with change, of gas

composition flow measurement can be changed.

6.1 32 Profile Dis/ortion

Othcr variable" whieh can cause installation effed" include profile distortion, the

condition of the internal pipe walls, the number of straight lengths available both

upstream and down,tream of the flow meter, and the localw]] of valves, ehange of pipe

diameter and proximity of reciprocating plant. Swirl and profile distortion is the two

major types of disturbance within pIpelines, Profile distortion is sometimes referred to as

jetting, Both these clements may occur together or separately consIderable work has been

undertaken over the past decade to eliminate this conditions pnor to the now meter. The

elimination or minimization is achieved through the use of flow C()ll{lllioner. Somc vcry

nove! and elTeclhe flow eonditioncr dcsign are now available.

Profile distortion ean he of a temporary nature, as it is caused by obstruction in the gas

flow path. Hcms, which would constitute an ob,truction, like a partially open valve, a

blockage in the pipeline or other irregularities within the pipe can calIse profile distortion.

Incorrect]y fitting or protrusion of gaskets is anothcr common contributing factor to

profile distortion.

The influence of swirl to the flow meter is elo,er the bends. ROlating plant such as

compres,ors, generators; pwnp ete, can excite piping vibrations, which in tum result

damagc of the metering equipment. Profile di,tortion cause me~surement error,
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6.i ,n internal Pipe Roughness

Internal pipe roughness has also recently received considerable research attention. The

Nationallnstirntc of Standards and Technology (NISn. Colorado. U.S.A. has found that

flow measurement errors of around one pereent can result from the use of pipe that has an

internal snrface finish that IS too rough but complies with the given standard. A rough

wall pipe will contribute to profile distortion because the velocity profile in a pipe wIth a

,mooth wall is slleh that the velocity ncar the wall is higher than at the sam~ radills in a

rough walled pipe. \\lith respect to pipe wall roughness and application to orifiee plate

systems, it has been demonstrated the following results from research studies into orifice

metering at the Nova Husky "Research Corporation in Canada and NIST in U.S.A."

(Reference - 9),

a) Orifice meters are sensitive to pipe roughness for diameter ratio (.8= ~ J greater

than 0.6 however no significant statistical effect could be found for beta ratios less

than 0.5.

b) A re1atl'fe1y short pIece of rougher p'pe (abOllt 2.5 pipe diameters) can have a

major inr1uence on reading accuracy,

c) For an orifice plate diameter ratIO of 0.73 and a pip~ ",all sllrface roughness value

appnlXlmately 7,0 J-lm, the roughness effect on the discharge co-efficient can

exceed 1%.

d) For pipe wall snrface roughness value less than 3.8 J-lm, the effect on the

discharge co-efficient caused by roughness is less than 0,5% for any beta ratIO

less than 0,75,
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6.1..14Primary Flow Elemrnt

A prohlem that does exist with mctcring system design and is the choice of the primary

now clement espccially orificc plates, location and orientation ofpre~sl1re tapping points

and associated lines for instrumentation etc. For gas mcasurement, taps should come at

the top or at least no more than 45Gdegrees J\'om thc vcrtical of the gas measunng line.

This is to make sure that any liquids that get into the mam pipe are not able to be drawn

into or hloek the instmment lines. Improper design of primary now clement can cause

measurcment error.

6.1.35 Metermg Run Inlet Header

Another design point worth consideration is the metering run inlet header. The size of

thi, header ean be uscd to control the velocities of the flUId to the meter runs. Naturally,

the appropriate standards should bc always referenced.

As can bc scen, meter nm design can influence tbe operation of thc !low meter. Other

points that should also be considered are that most meters will havc their best accuracy at

the uppcr rangc and at conditions where other measured vanables would changc little i.e.

stahle pressure, temperature and density.

61.36 Chari Recorder And Cliarl Reading

Altbough ~ery sigmficant advance, bave heen made in thc direct processmg of flow

measurement data by means of microproccssor based equipment, a need still exists for

the chart recorder because it is reliable. The use of the direct reading chart has the

advantage that the measurement being recorded can be rea\! at a glance. Some

organizations usc charts as a pennancnt record for accounting purposes.

Whcn uncertainties of measuremcnt are considered, the billing or gas accounling proee~s

tcnds to bc overlookcd. The recording and calculation process IS the final ,consideration

for obtaining accLJrale flow measurement. This process can and docs contribute to the
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overall uncertainty ofmeasuremenL This can be through thc application of averaged data,

if electronic recording means are used, or from inconectly reading hard copy data, such

as that derived from chart readings.

In the evaluatlOll of eqlLipment, one significant factor tends to be overlooked in the

selection process - that of the skill and training of operators. The proper operation of

complex data processing equipment in many cases gets down to the sloll. Understanding

and training of the maintenance personnel. Chart recordcrs arc simple and fairly robust

and therefore do not reqUlre highly ski1Jcd operators or expensive diagnostic equlpment,

ho"ever malfunctions can occur if they arc not serviced properly or incorrect charts arc

used. Cost wise, the chart reeordcr can be an attractive optIOn. When a back correction is

required or a prior event nceds investigation, a chart recording can be imaluahle.

Malfunction or erroneolL'; reading of chart recorder can cause mea,urement enor,

6,1.37 Requirements Of Pre-ht'Gting The Gas

When temperature of the gas falls below the de" point, hydratcs can form and freezing

occurs in and on the pipeline and regulation becomes cheese. This creates operational

hazard and inconect flow measurement. To pre~ent this, particularly at the stage when

pressure reduction takes place, it is necessary to ensure that the tcmpcratufC of the gas

remains aho~e that of the dew point at (he exit to the pressure reduction section of the

sy,tem. Dunng pressure reduction the temperature is reduced by approximately one

degree F, for e\'ery bar by which thc pressure is reduced, Preheating of gas i, necessary

for smooth operation and correct now measurement. Typically the system will provide

two heating units one on active service, the other on stand by duty. The commonest fonn

of heater used to raise the temperature of ga" i, the water bath type of heater or

exchanger.

The factors those arc discussed above have strong effects on system loss, since a huge

amount of gas are metered or transfer through the transmiSSIOn system. A small

percentage of loss will be a big amount of gas loss. So care should be taken to minimize

all these factors, especially installation effcots and measurement related factors,
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CHAPTER-7

CONTRIBUTING FACTORS OF SYSTEM LOSS

FOR A DISTRIBUTION SYSTEM

In a gas distribullOn or sales system there may arise a nLlmbcr of contrihuting factors,

which arc related to system loss. These factors arise from the dcsign faults and imperfect

operation and gas pilferagc, Improper or faulty selection of a flow meter can also cause

system loss. Customer Metering Stations (CMS) configuration can also cause sy~tem loss

if these are not built as per the intcrnationally recommcnded standard. Improper selection

of regulalor, control valve or meter can also cause pulsation, whIch can increase system

loss. Improper opcration of distnhution lines, valves, DRS and CMS also cau~e

operational prohlem and measurernent crror. These are all technical errors,

The other typcs of losses are called non technical loss, which mainly causes from piracy

or thell of gas through a number of indigenous ways and that is the major componelll of

system loss. A number of contrihuting factors related to system loss for a distnbution

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

7.1 Contributing Factors

1, Fixed pressure factor used in gas calculation,

2. Fixed temperature factor llsed in gas caiculatlOn.

3. Metering staliol1 eonJiguration.

4. Meter sizing and selectlOn.

5, Meter accuracy.

6. Meter nmgeability.

7. Meter repeatability.

8, Meter rea<:lingerrors.

9, Load approval.
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10, Un-metered domestic nat rate tariff base.

11. Meter calibration and seJ'\,ice.

12. Non registration ofpres8ure and temperature.

13. Theft.

a) Meter tampering.

b) Regulator tampering,

c) Meter index slowdown.

d) Meter index changing.

e) Rotation of meter index in reverse direction,

f) Interference.

g) By pa8S connection,

h) Theft by other equipment ofRl'vIS.

i) Registering lower meter reading.

j) Imitation of seal.

14 Leakage.

15, Venting through reliefva1ve.

16. Conversion process.

17. Accounting procedures,

l~. Billing cycle en"cct.

19, Pilot loss.

20, PCllsation effect.

21, Third party damage.

22. Un-metered usage.

23. Incorrectly reported usage.

24. Pressure regulating aud metering station performance.

25. Absence ofregional blanching or accountability.

7,1.J Fi;c~dPressure FaClOrFor Billing

Gas eonSlffilptions of customers are calculated and billed in terms of standard or base

condition in cubic meters. This is the volumetric flow ratc that would occur if' the
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pressure "ould be reduced to standard or base pres~ure and lemperatllre (1473 psia and

60"F). Thc base volumc can bc calculated with a formul3 that C3nbc write as:-

Where.

OJ,= Base volume flow rale in m'/hr.

Qr- Lme condition volume [low rate in mJ/hr.

PI = Static pressure at line condition PSIA.

PI>= Base pressure at base condition PSIA.

TI>= Base tempcrature OR.

Tt = Flowing temperature "R.

ZI>= Compressibility at b3se condition.

Zr= Compressibility at flowing condition.

T,
For lo"er pressLJre, lemperature fador - ~d

T,
Z

Compressibility ratio -' arc takcn to bc unity.
7./

So the above tonnula become

Metering pressure of customers are the conlractual pressures by the company with the

cu~tomen;. Smce no permanent pressure recording devices are not installed in customer's

RlVIS.So for gas metering fixed pressure factor is used. This fixed pressure factor has a

strong effect on system loss. Generally the customers usc gas at a higher pressure than the

contractual pressure by unauthorized handling or tampering of regulator and pressure

gallges, RMS p'peS, fittmgs, stainers and other eqUIpment by breaking the seals.
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Sometlmes it becomes very difficuU to identify the seals that are actually broken by

unauthorized \\'ay.

7,1,2 Fixed temperature Faclor

The formula lor temperature factor can he written as Ffl = 520 . In TGTDCL's
T/ +460

distribution system the temperature factor used to calculate the gas flow rate lS unity.

This means that flowing temperature is always 60"F. It sho,",s that Fr, = 1, only for Tf~

IiO"F,But in actual case tbis fador is not unity because customers use gas lower than the

hase temperature, So this fi.>.edtemperature factor has a strong effect on system loss. At

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

7.1.3 Merermg Siulion Configuralion

Metering station configuratlOn has a strong effect on system loss if it is not bullt and

installed as per the internationally recommended standard with maintaining the entire

requirements for filtering, regnlating, metering and safety. At least minimnm

requirements should be meet. In !his regard International Gas Engineers (IGE)

reconunendalion IGE TO - 10 and American Petroleum /nstitnte (API) recommendation

should be used a" a gnideIine, The pIpe & fillings "hould bc installed such that turbulence

can be avoided or minimum.

7,1,4 Meier SlZlng

Meier sif.ing has a strong effect all system loss. Ifmeter sizing is not appropnate such as

under or o\'er size then it cannot measure properly. In this context turn dOWIlratio is very

important. It is the ratio of the maximum to minimum volume or gas that can be

measured properly and safely ",ilh desired accuracy, Meter should be si~ed so that it call

cater minimum flow rate and also maximum flow rate properly with out any damage.
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Meter is generally sized and selected on the basis of hourly load. As per approved load

Diaphragm meters 3re used for metering gas of domestic and commercial customers and

Rotary and Turbine meter8 are used for industrial customers. Presently meters arc

selected on the basi~ of G size. international Organization of Legal Metrology (OIML),

intematlOnally approves G size. Flo';" rate in meter cube can be determined from G size

by multiplying it with 1.6. For G - 1.6 to G - 10 with operating pressure 0.4 Bar,

Diaphragm meters are llSed. For G - 25 to G - 65 Rotary type ll1eters arc used. And For

G-size 100 to higher turbine meters are used to measure gas.

7.1.5 Meter Accwacy

Meter deviation from perfect measurement can be cxpressed in terms of % Error, %

Accuracy and % l'rooL

% Error is the relationship between measured and true volnme, and expressed as:

v -V
% Error = 100 x m ,

V,

Where,

v," = the 'volume mcasured by the meter.

\\ ~ the true volume, usually determincd by a standard or master

Meter.

% Aeellraey ~ % Error oj- 100%

1
% Proof~ -----

%Accuraty

Negative values of % error represent lost volume or slow mcters. PositIve values of %

error represent over-registration or fast meters. If % Accuracy, numbers less than 100%

means slow meter. % Proofls the opposite of% Accuracy.
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Meter accuracy has a slrong effect on system loss. Meter aceunlcy higher than :t 1%

might increase technical component of system loss and it is not intemationally accepted.

Accnracy less than 0.5% is good.

7.1.6 Meter Ra"geahiiJly

This is the ratio ofma>;mJum and minimum flows over which the meter will maintain the

specified accuracy or linearity. Some times it is called tum down ratio. Meter with high

turn down ratio is desirable. The tum down ratio of orifice meter is very low and it is 3: 1.

By using a sene, 0 r di rferential clement read out de~iee this can be rises to 9: 1. So on fice

meter is suitable for constant flow rate. The tumdown ratio of rotary and turbine meier is

very [ugh it can he increase from 5: I for lower pressure to 100:1 at higher pressure.

In our distribution meteling system turbine and rotary meters are used as an input-

metering device. industrial customer uses rotary and turbine meier on the other hand

commercIal customer uses diaphragm displacement meter. Turn down ratto has a great

influence on system loss Thc meter should be capable of measure the minimum and

maximum flow with desirable accuracy. If the installed meter lower range is higher thllll

the actual demand then the meier will register lower flow rate. On the other hand if the

installed meter higher range 1S lower than the actual load demand then meter will damage

with spin effect. So meter rangeability has a strong effect on system loss. If the meter is

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

7./.7 Repcawhi/ily

This IS the closeness or agreement between the results of successive measurement when

the same measurements are camed out under the same measurement conditions.

1t is important io understand that repeatability conditions are:-

The same measurement procedure.

The same observer.
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The same measunng instnunent used under the same conditions.

The same location,

Repetition o~er a short penod of time ..

Meter with lower repeatability percentage says 0.1% is desirable. Repeatability has some

effect on measurement unceltainity because accuracy and repeatability are closely

related. Meter with higher repeatability percentage increases measurement uncertainty.

This uncertamty increase system loss.

7.1.8 Error Or Suppressrd Meier Reading

Meter reader may read meter reading erroneously for lack of his or her knowledge.

Sometimes meter readers write meter reading less than the actual reading in collusIOn

"11th thc dishonest customer. Th15 is a very important issue or ractor for system loss,

Error or suppressed mcter reading can increase system loss. And this is an evil practice in

TGTDCL.

7,1,9 Load Approval

During load approval of a customer 'Gas Sales Manuals' for TGTDCL arc not follo"ed

properly, Uener.1l1y the customer shows their gas uscs lower than the actual demand by

submitting raIse papers or docllmcnts, Sometimcs they do this in collusion with the

official related with the load approval or gas connection. So aftcr approvals of this less

amOLlntgas, customer meet up their excess gas demand by gas pilferage through illegal

handling of meter, regulator or any other equipment or an illegal by pass connection. This

is a vital issue or ractor for system loss.

7.1 10 Domestic Un-melered Flat Rille TarijJBase

TGTDCL introduced domestic gas metering system in FY 1985.86 and about 70% of

domestic consumers existing at that time were brought under the system. But the system
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was pnlC(ical1y discontinued within (he next couple of years due (0 various technical and

social reasons,

Domestic consumers e\'entually continued to pay their monthly gas hills on the existing

flal Tale tan ITsystem revised year (0 year by the go~ernment. There were always (wo

options available tor domestic users in flat rate (ariff system; single and double burner.

The gas tariff set by goverrullent from time to time for flat rate billing system has always

been based upon some eSllmated monthly gas consumption rale. DllTerent srndies show

that this estimated gas is less than the actual uses. Due 10 th,s l1at rate the customeT5 do

not elose their bllTneTafter finishing their cooking. This practice increases system 1088,

7,I /1 Me/a CaMra/ion And Service

II" gas mcters are not calibrated at regular interval in field or workshop as per the approval

of tbe manufacture then it can create measurement error, In a meter calibration system the

cahbration facilities shonld be of primary standard. This should be very accurate, modem

ami le,s llme consuming. This should be able to resist all types of interference and

articulation. The calibration facilities in our existing system are very old, inaccurate and

manuaL In 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

maccurale meter as an accurate one, So delm'luen( customers are not getting punishment

for gas pilferage. This has a strong effect on system loss. Under (had natural gas

development project TGTDCL mstalled two computerized meter calibration beneh in

2002. But at present, TGTDCL is usmg the old manual system lhough computerized

modem meter calihralion sys(enls arc available,

7 1./2 ,i'/onRegis/ration Of Pressure And Temperamre

In a TGTVCL customer; RMS~ pressure gauges 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 pennanent1y, So in TGTDCL system there are no facilities for
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registration of metering pressurc and temperature. The customer ah~ays uses gas at a

higher pressure than the contractual pre"sure. So there are chances of gas pilferage for the

customer. This is 3 vit31 issue for system loss,

7,1.13 Gas Theft Or Pilferage

Gas theft or pilferage is the highest component of system loss. There are a nUl11berof

indigenous ways that arc applied to theft gas by the dishonest customers. The ways or

methods used by the customer for gas pilferage can be ",riUen as:-

a) D,rcct h3ndling the meter index or meter,

(i) Slov,nng the meter index by unauthorized handling.

(ii) Changmg the gear train thus pemlanently slows the meter.

(iii) Lowenng the meter reading by reVerSe rotation.

(iv) Changing the meter index.

(v) Interference the meter index with any other W3ys.

(Vl) Changes the meter installation direction.

b) Tampering the regulator or pressure gauge or both of them to use gas at higher

pressure,

c) To create an obstacle m recording the ga5 use by interference the RMS

pipefittings etc.

<1) :>letcr rC3ders record lower meter rcading than the actu3l uses in collusion with

the customers without handling the meter or meter index.

e) Unauthorized by pass usage.

7.1,14l.eakage

U:lSS through leakage from the distribution piping system e3n increase system loss.

Pipeline thm has installed a long time ago have chance of leakage, If the cathodic

98



protection systems are not checked at a regular interval then the chance of leakage

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

7.1,15 Venting Through Rehe/Valve

Sametimes gases are vented throllgh the relief valve when the gas pressure increase and

cross the set limit. This situation 3rises in the CGS, TBS, DRS and customer RMS at the

lean hour. During the llme of Edul Fitor and :&lui A~ha or any other fe;tival d3Y, friday

and every day after 1;00 AM to 5.00 AM gas demand dccreases. In Ull>period there may

havc chance of gas losses thnlllgh venting.

7,1.16 Converswll Process

In gas calclllation process sometImes there need to convert the unit from metric system to

British system, So, ifpropcr conversion facton; are not use then there may have chance to

increase sy,tem loss.

7.1.17 Accounting Procedures

There may have chancc of increase system loss if proper accounting procedures are not

use in calculating gas uses, bill preparation and payment.

7.1.18 Rilling (vel" Effect

Bi1ling cycle is the time period hetwccn subsequent bills. Du.ration of this billmg cycle is

one month. The llme frame of this billing cycle starts 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 collection of meter reading for system input and customer billing.

Meter readings are collected manually. So there may have chanccs of intentional error or

unable to collect meter readings WIth in this time frume due to shortage of manpower,

Because a huge number of customers rcadings are not possIble to col1cct 3t a time WIth
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the existing mannal meler reading collection system. As a resuH meter readings are

collected a\ dirt"crent tlmc or days_ So some of the reading are more than one month

duration others become less than one month. This inconsistent meter reading collection

increases system loss.

7.1,19 P,I"I Loss

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

instruments,

7.1,20 PulsatIOn FjJeet

Pulsation created by flow control valves, regulators and some piping eonfigClration may

cause significant error m gas flow measurement. Pulsation towards the direction of flow

increases flow where as pulsation to the opposite of the ,hrectioll of flow decreases the

flow. The effects of Pulsation in a transmission system are described in chapter - 6 of this

shldy. The effect of pulsatIOn in a distribution system are the same as translTIlssion

systems_

7.1.2J Third Parly Damage

Sometimes third party damages meters of eGS, TBS, DRS or eMS. Third party damage

is a great hardel for system loss calculation because true gas input is not possible to

calculate during this time, Third party is a not! identify person. So third party damage is a

strong factor for system loss.

7.1.22 Un-Melrrcd Usage

Sometimes customers use un-metered gas due to actual or intentional damagc of flow

meter, The domestic ClSeSare also un-metered in our cOllntry. Sometimes meter of the

eGS, TBS, DRS are also damage or under sizcd then the input gas can not be measured
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or accounted. So un-metered u,agc is a strong factor for system loss for a distribution

system.

7.1.23 Regulating And Melermg Station Performance

Perfomlanees of the Customers Metering Station (CMS) also have a strong effect on

measurement and operation. Tf the regulators of the CMS are in faulty operational

conditions then the customer can use more gas. At the time of regulator re-setting there

nlay have chance to take gas at higher pressure by fiw dishonest customer in collusiou

WIththe officials ofTGTDCL.

7,1.24 Absence OJ Regional Wise Accountability

The mput stream ofTGTDCL are not isolated region or area wise as described in table-

9.b. So, it is not possIble to calculate the area wise input of the melro Dhaka sales offiee

and regional sales office, So there are chances to gas pilfer.

All the factors those are discussed above have a strong effect to increase system loss.
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Meter calibration
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Meter reading error

Incorrectly reported usage

Figllre 7, I: Contnbuting factors - System loss for a Di8tribution System
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CHAPTER-8

SYSTEM LOSS, MEASUREMENT UNCERTAINTY,

CALIBRATION AND TRACEABILITY

In the design, ca1Jbnllion and operation of a gas metering station there are a number of

very imponant criteria, which must be considered to kcep the system readings to a

meanmgflll ,[age. Minimal uncertainty of reading associated with the denved results is

also de",mble. Mcasurement uncertainty, methodology, and traceability of calibrations

and refcrencc standards are also very important to study system los" The following terms

are quotcd from 'Gas Flow MeaslJrement, Quality and Control' by GASCOR Consulting

International, Austral ia (Reference - 9).

8.1 Measurement Uncertainty

In 1978, the lack of international conscnsus on the expression of uncertainty in

measurement, the world highcst authority in metrology; the Committee lntemational des

Poids et Measures (CIPM), request thc Bureau lntemational des Poids et Measure

(BiPM) to address the problem m conjunction with the national standards laboratories

and recommendation. From the rcsulting work, the following definitions were adopted

(Reference - 9):-

8.] I MelJs"remen! Uncerlainrv Definition

Measurement Uncertainty is defined as a parameter, associated "ith the result of a

measurement that characterizes [be dispersion of thc values that could rea;onably be

attributed to the measurand. The meas\lrand is the quantity to be measmed. Measurement

Uncertainty encountered within a gas measurement process can be summarized as

follows:-
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• From the above definition, it can bc stated that the uncert-unty is an estimate

charactcrizing the range of values within which the tme vallIe of the measurand

hes,

• Any llJlcertainty value quoted should give a statement as to the probability of the

truc value lying withm that range.

• Uncertainty is madc up of two types of error, namely

Random crror, and

Systematic error.

A random error is the rcsult of a measurement minus the mean that would rcsult

rrom an infinite number of measurements of the same measurand carried out

undcr repeatability conditions, 11has to be appreciated that because only a finitc

number of measurements are normally made, the value of the random error

dctennined must be taken as an cstimate.

A systematic error means that would result from an infinite number of

measuremcnts of the same measurand earricd out under repeatabillty conditions

minus a tme value of the measurand. The systematic error can be regarded as the

bias of a calibration. The variations in measurement uncertamty are shown in

Figure 8, 1 and 1l.2,

• Errors from pressure, temperature, gas density, detennination of composition,

instal1atlon conditions etc. can also arrect the overall uncertainty.

• Manufacturer data Oll a particular transducer cannot be directly relatcd to the field

result. This is because installation conditions have not bccn accounted for.

In the definition given prevlously for random and systematlC error, repeatability

COnd,tions are referenccd, There tends to be some confusion in flow measurement and

m partIcular with respect to flow meters, with respect to the understanding and

application of the term rcpeatabllity, III many cases it sholIld be referred to be

reproducibility. The following definitions will help explain this statement.
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Truc value a.nd
average of an
measurements

Measurement parameter

li1'fBLA,.SED,PREClSE, ,ACCURA.TE

True value and
a\'Crage of all
measurements

Measurement parameter
VN13lJ\SED, IMPRECISE, [NACClJRATE

Figure 8.1: Variations in Measurement Uncertainty (Courtesy GASCOR Consulting
IntcmationaJ, Australia)

105



Tru,
value

Average of all
measurements

Measurement parameter

Average of all

Tru'
value

BLASED, PRECISE, INACCl.rRA.TE

1-/1--.. measurements
/

1/ \
Measurement parameter

BL.•••SED. I.1'&RECISE, rNACClR-\TE

Figure 8.2: Variations in Measurement Uncertainty (Courtesy GASCOR Consulting
intemational, Australia)
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8.1,2 Repeatability

This is closeness of agreement between the results of successive measurements of the

same measurand earned out under !he some conditions of measurement.

It 1Slmportant to understand that repeatability conditions are:-

The same measurement procedure.

The same observer.

The same measuring instrument used under the same conditions,

The same location.

Repetition over a short period of time.

8.1..1Reproducibilily

Reproducibility is the closeness of the agreement between the results of measurements of

the same measurand carried out under changed conditions of measurement.

The changed conditions ofmeasurenlen\ may include:-

Principle of measurement.

Method of measurenlent.

Observer.

MeasLLnngim,lrument.

Reference standatd.

Uleation.

Condition of use and

Timc.

The error of measurement IS !he result of a measurement mmus a true value of the

measurand. The random errur lS equal to error minus systematic error. The systematic

error is equal to crror minus random error,
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As can be seen there are clear differences between repeatability and reproducibility. As

an example of application; a meter manufachlrer will supply a calibration ccrtificate with

a meter. This certificate will usually state a repeatability value for the given calibration.

The end user 01. the meter then perfoml a calibration on thaI meier, there wlil be

reasonable chance that we will not get a value within that the manllJacturcr has started,

This because the calibration conditions are at a different location, different time, different

openltor and most likely a dIfferent principle of measurement \\(ill apply. There could

also be nllmber of other variations in actual fact that have to perform a calibnltion llnder

reproducibility reslllt8.

8.1.4 Measurement CalibratIOn

Cahbration is defined as the comparison of a measuring instrument, with specIfied

tolerances but an undetermined accuracy, to a measurement standard of known accuracy

for the purpose of determining and/or eliminating by adjustment any out of tolerance

comlllion.'.

The ll,e of an un-calibrated mstrument creates the potential error m measurement and

resultant erroneous conclusions lind decisions, It is calibration that provides confidence in

measurement and assurance that an instrumcnt has the accuracy required maintaining and

producing or processing within specifications.

For calibration to he meaningful there must be some prior understanding of the variables,

which need to be measured, and the uncertainty of measurement, "hich has to be

maintained, Of course it is of little use makmg a statement of the calibratlOn conditions

required if the device being calibrated carulOt hold the required level of measurement

uncertainty due to poor resolution, zero drift or range.

The standard or reference device used in any calibration must have a lower mea.;urement

uncertainty than the device being eahbrdted. The most COimnon method for estimating

overall system measurement uncertainty is to calculate the root mean square average

using the uncertainty values lor each identified parameter 1Ilthe total measurement
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Prcssure balance

International standard

(J-'.1\veraccuracy)

National primary standard kg.

(LDwer accuracy)

Transfer standard

National standard

International standard

Laboratory standard
Dead weight tester

(Higher accuracy and precession)

Pressure transmitter
Element to be calibrated (Higher accuracy and precession)

FIgure 8.3: Example of a simple calibration chain.

system. For example let a measurement value, say 1'1, be made up of three contributing

variable~ X, Y and Z, l.ellhe uneertaintv ofmeasurernent for each of the variables be:!:

/\x,:!:!'Jy and:!: L'lz. Then the uncertainty in L'lWwill be

If we assign values to L'lx, L'.y,and L'I~of say 0.5%, 0.1 % and 0.2% the following result

,viII apply to L'IW

"AW=[(O.4)' ,(0.1)' '(0.2)' /'

= (0.21)u.s

=:1:0.458%
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For onfice meter using three pen chart recorder

c!oAccuracy = [(1.00)' + (0.5)' +(1.00)' + (0.80)']"-'

:t Accuracy =:l; 1 7%

8.1.5 Measurement TraceabilIty

From the Figure 8.3, It can bc sccn that

I) For a transdncer pcrformancc statcment to have any real meanmg, the calibration

mnst be rcfcrred back to a standard.

II) Staml~rds applied are ll;ual1y National or International Standards

Ill) The traceability describes how the transducer/meter calibration can be related to

the given standard.

IV) Each separatc calibration or reference system in the calibration chain adds morc

uncertainty.

Generally, a testmg laboratory will test to a reference standard, or transfer standard, that

has a level of uncertainty of about 3 to 10 times less than that of the rcquircd uncertainty

of the transducer being tested. Therefore, if we were calibrate a pressure transmitter to an

eHep[ed level of llneerlainty of:i 0.3% then the dead weight tester would be expected to

have an uncertainty of reading of about:!: 0.05%,

Thc calibration chain for gas flow meters, including developments in reference standards,

has undergone considerable devclopment over the past few years. The levels of

lJlleertainty of calibration at cach stage of the cal ihration chain used by the Netherlands

Measurement Institute are shown in Figure ~ 8.4. This is a more traditional calibration

facihty with the transfer metering system referenced to a bell prover. More recently

commissioned now calibration faeilitics are utilizing critical flow nozzles and g)'TOSCOP1C

weighing tanks, Other alternatives are tho applioation of portable volume provers,
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8.2 Case Study - I (System Loss)

The system loss is that portion of the gas purchased that is not accounted for by sales,

transfer, and company o\~n use or othern'ise accounted for. System loss can be detenmne

hy two proees~

(I) From the operatIOnal figures

(II) From the sales figures

Pinallya comparison can be made from these two figures.

8.2,1 System Loss C"lc"l"t;on Procedure

The Gas purchased by the company and sold to different sectors has been examined for

the year 2002-03 for the purpose of this project. The net throughput of gas, which is equal

to gros,; purchase min\lS company's own use for system operation in the company's

transmission system for the twelve- (12) months ofFY 2002-03, ha~e been recorded. The

sales to po"er and fertiliy,er sectors were deducled from the month wise nd throughpul

amounts and the remainder obtained by this Netlmg Off Method (NOM) \vas considered

one basis tor lhe lotal input to the non-hulk sector comprising mUllslrial, commercial and

domestic cnstomcrs. A Source Snmmation Method (SSM) adding together all flow

through different CGS, TBS ami DRS also calculated the input to the non-bulk sector.

The sum of all sources under the SSM is found to tally with the figures derived from Ihe

NOM (Appendlx - A). The o~er<lll annual difference between the two methods is found

to be well "ithin 2% of NOM figures.

8 2.2 Results

From Appendix - A

Gross system loss is 8.28% of net throughput and it is 24.08% of non-hulk input.

Estimated technical loss is 1.25%.
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Deducting the ineonSlslenl domestic tariff base and technical loss the net system loss

become 0.69% of net throllghpld. And it is 19.47% of non-bulk input.

8.2.3 Oi,<ruSSlOll

I) Line packs and change of line packs are not mcluded in the system loss

calculation procedure,

2) Uncertainty of measuring instmments and meters are not included in the system

los; calculatIOn procedure.

3) Purges. leakage and vented gas arc also not properly measured and included in the

sy~tem loss calculatIOn procedure.

4) Own uses of TGTDCL are not recorded properly due to absence of measuring

instmments in some location.

System loss calculation is very important for the company to avoid loss of revenue and

smooth operation of tbe system, Presently system loss is calculated on monthly and

yearly basis. But to reduce system loss close monitoring is needed to collect all the meter

reading amJ related data, And system loss can he calculated on daily basis or at least on

weekly basis. Speed in data collection process is also necessary

8.3 Case Study -11 (Measurement Uncertainty)

Measurement Uncertainty analysis IS a ntunerieal, objective; methods defining the

potential error existing in all data. Knowledge of uncertainly III any measurement is

crucial to understanding either the state or its performance.

In measurement Uncertainty analysis, errors are considered to be precision errors and

bias errors. Precision or random error IS that component of a measurement that is
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unknown, but with repeated measurements, it will change in a random fashion.

Systematic elTors or bias are constant in the sense that this aff~ts every meaRurement.

1\s any measurement has some uncertainty associated with it, this level of unceltainty

must be accounted for and fully appr~iated if a meaningflll study is to be made for the

transmis.wm and d"tribldion Rystem UFG value. The volumetric measurement of Natural

Gas ("KG) is complcx due to the dependence on the accurate measurement of pressure,

tempcraturc and composition. With each measurement and calculation PTOCeSRrequired

thcre will be associated random and systematic errors.

tU.l Applicalion Of A Simplified Transmission System

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

sy,tem as shown in FIgure - 8.5.

Gas Supply Point

Di,tribution
Sales Point # I

.1 Distribution
Sales Point II2

Distribution
Sales Point # 3

Figure 8.5: Simplified transmission system
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With reference to Figure - 8.5, it will be noted that the given model has one single source

of gas supply and three mdependent outlet points, which could be the supply to a

distribution network. For Simplicity, all four metering points arc fitted with the sanle type

of flow metering device; in this case orifice plates. It is assumed that all points also have

compensation for flowing temperature and actual gas compositIon as well as differential

pressure and static pressure measurement instruments with all calibrations having full

traceability to a standard, Therefore, the measurement process has high accur,1cy.

The uncertainty of measurement associated with an on11cc plate system is well

documented and proven. with publications SLleh as the International Standarili.

Organization ISO 5168 "Measurement of fluid now estimation of uncertainty of a flow

ratc measurement", giving very comprehensive details on how to compute the necessary

unceltainty of measurement (Reference - 10).

It can be shown that the uncertainty of measurement associated with a correctly sized

smgle orifice plate installed in accordance with international standards sLlchas AGA - 3

or ISO 5167 would be the order of:t 0.8%. By placing a number of orifice plates in series

operation, this uncertainty value can be reduced due to the mflLlcnee of common

uncertainties on each orifice plate.

For the transmission system shown in Figure - 8.5, let the gas supply point (Gas Field)

ha~ a metering facililles with thrce ori1icc platcs operating in parallel. The uneertamty of

volume flow me3surcmcnt for the station is taken as :J: 0.55%, For distribution sales

points numbers I and 2, let the metenng be a single orifice plme with associated

uncertainty of volume mcasurement being :t 0,82%. Finally for the distribution sales

point 3, let there be uual parallel orifice plates in service resulting in a measurement

uncertainty of:t 0.63%.

From the abo\'e infonnation, the sy~tem meUSLlrementuncertainty can be calculated and

applied to the Llnaceoullled for gus of a distribution system,

Assume the tollowing nominal flow rates per day:
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I) Tnlet supply point - 100.000 SM1/day

Il) Distribution sales point # I - 20,000 SM1/day

Ill) Distribution sales point # 2 - 25,000 SMJ/day

IV) Distribution sales point # 3 - 55,000 SM'/day

The llncerlamly of the inlet g<lS supply pomt is

[ 'J"- e 'x ~-II bJ
VI'here,

Cqin= Inlet measurement uncertainty

qin = Flow at mcasurement point

I q ,. = Sllmmalion of all outlet flow.

Therefore, uncertainty of the gas supply point is

= [(055)' ,(100'000)']"
100,000

=:!: 0.55%

Uncertainty fOT the dislriblltion sales system will be

= [(0.82)' x( 20,000J' +(0.82)' x( 25,000)' +(0.63)' +( 55,000)']"
100,000 100,000 100,000

= [OJJ269 + 0,0420 + 0,1201t.5 =:t 0.44%

System uncertainty for llnaccOlmted gas will be
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~ [0.55' +(044)'1"
=:1:0.70%

At pre,ent, measurement uncertainty is not accounted for in the system loss ca1cllialion

proce,s or TGTDCL. But for any measurement system there mlL~thave some uncertainty

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

GAS METERING

To study the system loss of TGTDCL it is very important to know the existing metering

system of the company. Both administrative and technical activitIes are the view of thIs

study. IdenlificalJon of short- comings of the existing metering system is also important

to diagnOS1Sthe problem. Appropriate meaSl1res can he undertaken from this diagnosis,

The meter lL'.edby customers and the activity of the various department related to gas

metering is also dise\lssed in this respect.

9.1 Existing Metering System

Mctering and Regulating Department and Transmission Department arc related to meter

selection, mstallation, calibration, maintenance, seal and new meter procurement. These

two department works under operation division, The head of this dl'lflsion IS Operation

Director, The two department heads are designated as Deputy General Manager. Each

department subdivided to section and eaeh section is subdivided to sectors, These are

shown in organogram (Figure - 9.1).

Managing Director

Op J ...eratlon DIVIsIon

1
1

Transmission
Department

I
Metering and
Regulating
Department

I
Distribution
Department

1
Electrical and
Mechanical Engg.
Service Department

Figure - 9.1: Orgunogram of operation Division ofTGTDCL
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9.1,1 Arlivily Of Transmission Department

Tran8miS5ion depaltment works under operation division. This department purchases gas

rrom varioClSgas field and gas transmission 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 department is hable for op""<llion and maintenance of various

transmission Jines, valve stations, bulk customer RMS, CGS, TBS, DRS and RMS. List

of bulk Rl\1S, CGS TBS, DRS and RMS arc shown in Tahles - 9, I, 9.2, 93 and 9.4

Since th,s department purchases gas from various gas fields and gas transmission

company so they also monitor daily pressure, gas flow and maintain a log shect rcgarding

pressure and now for daily system balance. Operation and maintenance of various type of

RMS and procurement of the spare parts, cquipmcnt, meters and materials for the

transllllssion system are also the activity of transmission department. Collection of

condensate from various stations and transfer the same to Padma Oil Company through

carrying contractor is also the aetivity of transmission department.

9.1.2 AdnlJnJslranve Reform Of Transmission Deparlmenl

Transmission dep~rtlllent works lInder operation division. The head or the operation

divIsIOn is designated as operation director. And head of the trall;misslOll department

deSIgnated as deputy general manager. This department is sllbdivided into five sections.

The head or each sect]{m de81gnated as manager, Each section also subdivided into

se<:tors. And head of each sectors de.,ignated as sector In-charge. The Organogram chart

oi'lransmisslOll department (Figure - 9.2) is attached in thi8 respect.
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Table - 9.1: Gas Purchase Point

51. No, Description Meter Used

A. BGFCL (Bangladesh Gas Field Company Ltd.)

A,l Habiganj Gas Field, Habiganj Orifice Meter

A.2 Titas Gas Fjeld, Loe -1, B. Baria Orifice Meter

A3 Titas Gas Field, Loe - 3, B. Baria Orifice Meter

A4 Narsingdi Gas Field, Narsingdi Orifiee Mctcr

B. GTCL (Gas Transmission Company Ltd.)

8.1 AshuganJ Gas Gathering Station

a) 10 VS -3(0 APS RMS Orifice Meter

h) To B Basin regIOn 01 greater Orifiee Meter
Mymensingh area

8.2 GTCL Metering Station at BKE Gas Orifiee Meter
FIeld, Bakhrahad
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Table - 9.2: Transmission Sales Point To Power Development Board (PDB), TPP&

Captive Power Producer

SI. No. Description Meter used
A PDB

A.l. Ashuganj Power Station (APS) Unit no. 1 & 2, Turbine Meter, G - 1000
Ashuganj, B. - Baria

4.2 Ash\lganj Power Station (APS) Unit no. 3, 4, 5, Turbine Meter, G - 4000
Ashuganj, B. - Baria

A.3. Ashuganj Power Station (APS) Unit no, A" Turhine Mcter, G - 1000
[(90 + 60) MW] Ashuganj, B. - Baria

A.4. Ghorasal Power Station (GPS) Unit no. 1 & 2, Turbine Meter, G -1600
Ghorasal, Narsingdi

A.5. Ghorasal Power Station (GPS) Unit 00. 3, Turbine Meter, G - 2500
Ghorasal, Narsingdi

A.6. Ghorasai Power Station (GPS) Unit no. 4, Tlirhine Meter, G 2500
Ghorasal, Narsingdi

A.7. Ghorasal Power Station (GPS) Unit 00 5, Turbinc Meter, G 2500
Ghorasai, Narsingdi

A.8, Ghorasal Power Station (GPS) Unit 00. 6, TlIrbme Meter, G 2500
Ghorasal, Narsingdi

;\,9, Haripur Power Station (HPS), Haripur, Turbine Meter, G - 2500
Naryanganj

A.10. Sbiddirganj Power Station (SPS), SbiddlTganJ, Turbine Meter, G - 1600
NaryanganJ

Contd.
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Contd, {Tablc-9.2}

I Description Meier used

B WP

B.1 RPCL Power Station, Mymcnsingh I\vo Turbine Meter, G-1000

B.2 NEPC Power Station, Haripur, NarayanganJ Onfice Mekr

BJ AES 360MW Power St.atwn,H"ripur, N"ray"nganj Orifice Meter

B' AES 450 MW Power St.ation, Mcghnaghat, Orifice Meter
Narayanganj

C CAPTIVE POWER

C.I Meghna Energy 10 MW, Power Plant I Turbine Meter, G - 400
(;.2 Madhobdi REB 10 MW Power Plant Two Turbine Meter, (,-65()

CJ Ashulia REB 10 MW Power Plant Two Turbine Meter, G-65()

CA Rahim Stec120 MW, Power Stalion Two Turbine Meter, G-IO()O

Table - 9.3: Transmis~ion Sales Pomlto Fertihzer Factory

51.No, Description Meter Used

L Zia Ferllii~er Factory Ltd. (ZFCL), Turbine Meter, G-650
AshuganJ, B. Baria

2. Urea Fertilizer Factory Limited Turbine Meter, G-1(;OO
(UFFL), Palash, NaTsingdi

J Palash Urea Fertilizer Factory Ltd. Turbine Meter, G-650
(PUFFL), Palash, Narsingdi

4. Jamuna Fertilizer Factory Ltd. Twbine Meter, G-2500
(JFCL), Tarakandi, Jalllalpur
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Table - 9.4: OffTransmlssion Custody Transrer Point

SJ. No. Descriptions Meter used for Gas
Metenng

01 B. Dana TDS cum DRS Tllrbine Meter

02 Ashuganj TBS cum DRS at VS-3 Turbine Meter

03 L APS Domestic Turbme Meter

2. 7FCL DomeSllC Turbinc Meter

3. Ashuganj local (from APS) Turbme Meter

04 B. Bazar TBS cum DRS Turbine Meter

OS Narsingdi DRS Turbine Meter

06 Madhobdi TBS cum DRS • Turbine Meter

07 Madhobdi DRS R.M Steel Mctcring run Turbine Meter

08 Ghorasal TBS cum DRS at GPS R1v1S Turbine Meter

09 UFFL Domestic Turbine Meter

10 oj Tarabo IBS cum DRS Local Tllrbine Meter

0) Tarabo TBS Lakhon Khola Linc Turbinc Meter

oj Tarabo TBS Kanchon Line Turbine Meter

11 Haripllr TBS cum DRS to Rahim Stcel Turbine Meter

12 Haripur Powcr Station Domestic Rotary Meter

13 ,. Shiddirganj TBS - I Turbine Meter

" Sblddirganj TRS - 2 Onfice MeIer

14 Shiddirganj Domestic (Power Station) Rotary Meter

Contd.
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Contd, (Table 9.4)

51.No, Descriptions Meter uscu ror Gas
Metering

15 Demra Run - 1 (rejgaon) Turbine Meter

Demra Rlm - 2 (Postogala) Turbine Meter

Delma Run Dhania • Turbine Meter

16 Joydevpur CGS Complex

01 .Ioydevpur DRS (Local snpply) Turbine Meter
bl Joyuevpur Tangail Line Turbine Meter
01 .Ioydevpur Tongi Line Turbine Meter

17 Dhanua TBS CUlll DRS Turbine Meter

18 Bhaluka M&R Station Turbine Meter

19 Tri8al M&R Stalion Turbine Meter

20 Mymensingh M&R Station Turbine Meter

21 Netrokona M&R Station Turbine Meter

22 Klshoregonj M&R Station Turbine Meier

23 Elenga M&R SMioll Turbine Meter

24 JamalpurM&R StalJon Turbine Meter

25 Sherpur M&R Station Turbine Meter

26 Tarakandi Jamuna Fertilizer Factory Rotary Meter
Domestic

27 Ghalail M&R Station Turbine Meter

28 Gafforgaon M&R Station Rot~Meter

29 Elenga TBS to Parehim Anehal Gas Co. Turbine Meter
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T rransllllsslon
Section
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TransmisSlOn Department
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Mymcnsingh Ashnganj

1
Tran8mission
Section
Ghor-Isal

RPCL
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Ashuganj
Sedor

Tara. Myrnen- Bhaluka
kandi singh Scctor
Sector Scctor

B. Baria
Sector

tDemra
Sector

shonlgaon
Sector

~Joydcvpur
Sector

Figure - 9.2: OrgHnogram Chart of Transmission Department

9, I 3Meier Used In Trans",~,swn Deparlmenl

Tn TGTDCL trunsmis,ion system al present orifice and tLlrhine meters are used for gas

measurement. The purchase poml and ctlLmter check meters are oriJice meter with threc-

pen recorder as a sccondary dcvicc for gas calculation. Nowadays flow computcrs are

installed for cross chccking, For bnlk customers likc power and fertilizer, captive power

producer, CGS, TBS, and TBS cum DRS turbine meters are used for gas metering, For

IFP customers orifice meters are used as a billing meter with three pen chart recording

and bjJls are prodnced mannal calcnlation. Also flow compnter, are used for cross

checking A table regarding meters used in transmission department is attached thcre with

(Tahle-9.3),
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Table - 9,3: Meter used in Transmission Department for purchasing and saling gas

S1.Ko. Locall(}ns Meter T)'JIe Remarks

01 Purchase point of Gas Orificc Meter with Manual gas calculation
Field mcchanical chart mcthod is adopted also

recorder computcrizcd facilitics in
some locations

02, Countcr mctcring Orificc Metcr with Manual gas calculation
Slalions of purchase mechanical chart method is adoptcd also

point recorder computerized facilities in
some locallons

OJ Cllstody transfer Point Orifice and turbine Computcrizcd gas
of gas Transmission type gas meter \\,ith calculation method, Manual

Company Ltd. (GTCLl flow computer check can also be proyided

04. Bulk customer RMS Turbine Type Gas Compllleri;-;ed gas
like power and fertilire Meter with Flow calculation also manual

Re),'lllating and Computer check also can be provided
Metering Station

05. Individual Power Onfice Meter Manual gas calculation
Producer method is adopted.

Computerized facilities also
available

06. Small Scale Power Turbine Type Gas Manual Gas calculation
Produccr Mctcr method is adopted.

07. City Gatc Stations Turhine Type Gas Manual gas calculation
Meter method is adopted

computcrized also available

08. Town Bordcr Stations Turbinc Typc Gas Manual gas calculation
(TRS) Meter method is adopted

09. TBS cum DRS Turbinc Type Gas Manual gas calculation
Metcr method is adopted

10. Metering and Turbinc Type Gas Manual gas calculation
Rcgulating Stations Mctcr mcthod is adoptcd
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9.1.4 Activit\' Of Metering And Regularmg Departme!lt

Metering and Reglilaling Department works under Operation Div1S10ll.This department

supplics gas to domestic, commercial and industrial customers through DRS and CMS

from the g~s inputted to thc distribution network through various CGS, TBS, TBS cum

DRS and MiS of Transmission Dcp~rtment. Th" Department is liable to operation of

various ofL-d"lriblilion DRS and CMS. Five sections works lmdcr this department. The

~etivity of each _,ec(ions IS shown in Table - 9.4, in this rcspcet. A orgranogram chart

(Figure - 9.3), also aUaehed herewith to show the administrativc activity of each section,

Metering and Regulating Dep3rtmcnt

1
1 I I I 1

Customer Customer
Metering section Metering Section Metering Section Metering Metering Section
Metro Dhaka (Region31 scrviee) System control Section Fabrication "mk-

Scaling shop & "Jettr T.sting

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

SL No. Name of the Section Activity

Of System Control Operation and maintenance of various off distribution

DRS, Design new DRS or Customer and Metering

StatIOn (CMS). Material procurement fm off

distribution DRS and CMSs.

2. Sealing This section " liable fm scaling the new meter.

Checking or testing the previous seal and rescaling,

3 Fabri~ati(ln work The fabrication of off distribution DRS and Customer

Shop and Meter MeteJing Stations (eMS) ~,,he activity of this

Testing section. This section also test industrial llid

commercial meter.

4. Metering Sedi(ln The activity of thIS section is to regulate and meter

Metro Dhaka Customer Metenng Station (CMS) of Metro Dhaka

area. installatIon (If a new CMS. Regulator settimg,

Installation or meter change

5. Metering Section The activity of this section is to regulate and meter

Regional Scale Customer Metering Station (CMS) or other than Metro

Dh3ka area, lnstallation of a new CMS. Regulator

settling. Installation or meter change
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9,1.5 Merer Se/eclioll

In Titas Gas transmission and distribution system gas meters are Clsedon the basis of G-

rating. G rating is a standard e~tahlished hy Organi;-;ation International de Metrology

Leg~l (01.\1L). Flow rate in cubic meter at line condition can be get if we multiply the G-

ratmg wIth 1.6, A t~ble (Table -9.5) regarding meters selection is attached herewith for

simpliclty of this study_

Generally meters arc selected on the basis of hourly load, As pcr approved load

Diaphragm Displacement type meters are used for metered. domestic and commercial

type customers. Rotary and Turbine metcrs arc used for metering gas of industrial

cuslomer. Presently Rotary Meter is produced with G-rating from G-lO to higher rating.

DCle to compact sIze rotary meter is easy to installed in the customer yard, All most all

the domestic customer has no meter. They lise gas Oil the basis of flat rate billing system

Imposed by tile government. Purchase point meters are orifice meter. Bulk IIsers meters

are Turbine Meter. Some of the individual power producers (IPP) customers IIsed Orifice

meter for gas billing as thcsc type of metering is establish hy their gas supply contact

with the TGTDCL.

9,1.6 Technica! Inadequacy Of The Ex!Stmg Metering Syslem

1, Meter is not protected and confined in the customer premises. So there are

chance to change the meter reading hy direct handling of meter or meter

index

2. Meters arc not in~tal1ed correctly aecordulg to G-ratmg or customer load.

Sometimes customer uses more gas than the approved quantIty.

3. There are some old meters that are more than ten years old, The accuracy of

these meters is not "ith in internationally accepted accuracy (:t I%) range

now.
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Table - 9.5: ~1cter Selection ofTGTDCL

SL No. G-Rating of Meter MctcrType Where Used

L G-1.6toG-16 Diapruagm Displacement DomestIc and commercial
type meter customers RMS

2. G-25 to G-65 Rotary type meter lndustnal cllstomcrs

3. G-IOO to G-4000 Turbine type mctcr Imilistrial, blilk customer
RMSs (powcr and fertihzer
produced), Town Border
Station (TBS), District

Regulating Station (DRS)

4. - Orifice meter Sales and intake metcring
station of Power ami

fertilizer producer where
orifice metenng is

estahlished by contract

S. Un-metered Flat rate Domestic customeT

4. There IS no customer data- base about their used meter specifications or

ldenhty with security system. And no secured data- base is used for collectmg

the meter reading.

5, Since the RMS arc not protected and confined in the cllstomer premises, there

arc a number of sen;ltive points from where there may have chance for gas

pilferage.

6. The existing meter have no data storage facility for houriy, dally and monthly

real gas uses with pressure, temperature with maximum and minimum value.
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7. Regional basi~ tbe ga, mplll-output is not lsolated. So It is not pos"ble to

system balance for a region with respect to that regional CGS/TBS/DRS or

RMS.

8. Inadequate scaling system with rcspcct to present socio-economic condition.

So sometimes it is not easy to identify gas pilferage though the customer has

pilfered ga, by broken the seal.

9. Sometimes meter arc not installed as per the internationally accepted standard

like AGA, ISO, ANSI, OlML etc. So there may chance to commit a

measurement error.

10. Meters are not installed correctly according to G-rating or customer load.

Sometimes CllStomerS in collllSion with the dishonest orricials reduce

contractual quantity of gas but uses more than the contractual quantity.

II. Sometimes seals are broken in collusion with the sealing officials.

12. EXlstmg old system of meter testing system is inadequate. In l.hls system there

may have chance ofbla8ing the meter accuracy.

9.1. 7 Prohlem OJExisting Metering System To Resist Gas Pilferage

I. Almost all thc commercial and metered domestic customer has got a chance to

pilfer gas from the unscalcd meter. Mainly this type of customer usc Diapl-uagm

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

disturbance to registered tme gas tlow. BesHle thi8 they adapt a number of

method to pilfer gas like meter tampering, interchanging the mlel-ouUet of the

mctcr by pass etc. Since this type of RMS has no shade so installations of

security seals are not effecli~e.

2. Before instalhng a new meter or to change an existing meter security seals arc

put on various sellSitive 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-metal, Dur-mctal)

then lt hecome vary easy [0 remove the seals.

3. Though meters are preserve in the workshop for solidification of cold weld

mctal somctimcs customer spent a long llme 10 remove the thlck paper seal and

cold weld metal vary articulately, and aftcr pilferagc of gas thcy rcputc the seal

WIth a gum like substance,

4. Sometimes sealing resealing of various points of a customer RMS are to be

needed after replacement, mamtenance of a new or existing equipment hke

meter replacement, reglilator resetting, strainer ehangmg etc. D\lnng th,S mfield

sealing thc dishonest customer incollution with TGTDCL omeials changes the

meter index or crate a pennanent sy~tem for gas pilfer.

9.1,8 Meier Calibratioll

The meters of industrial eOlmnercial, TBS cum DRS are still calibrated with the old

transfer prover meter testing system installed long ago-though under Third Natural Gas

Development Project a computerized calibration system has already been installed in the

company at Derma office premises,

9.1,9 Co!leclil'e Bargaining Agent

Collective bargaining agent plays a strong role in the activity of Metering and Regulating

Department. Sometimes they biased the meter testing result. In collusion with the

dishonest customer they create a gas pilferage atmosphere and 1rom there they income

much money.
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9.2 Improvement Of Existing Metering System

TI1C cxisting mctcring systcm administrative rcforms of various department relating to

gas mctcring and activity of it are discussed in this chapter previously, The inadequacy of

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

a discuswm will he held on the lmprovemcnt ofthc cxisting metering system.

9.2.1 Aclions For 1mprovem('111

The existing metering system can be improved by:.

1) Installing an electronic devIce such as electronic volnmc corrector, data logger

or an electronic flow computer.

2) Instalhng a Cabwet type RMS.

3) Using a flow restriclor or sonic nonle in metering runs.

4) Decreasing the pOSSIblepilferage powt as minimum as possihle,

5) Installing a dual chamber strainer.

6) Installing custody transfer meter wIth high accuracy repeatability, rangcability

and reliability.

7) Killing the purging and pressure tapping point of service line.

8) Pemlanently killing the abandoned riser.

9) Installing customer illtemal service line above the ground,

10) Using the newly installed ealihration facilities under TNGDP.

II) Application of information technology

Il} Installing Tele-metcring or SCADA system.

9.2.1.1 Installing An Electronic Devicc Such As Electronic Volume Corrector, Data

Logger Or A Electronic Flow Computer

Prior experience says that a good number of customers are involved in gas pilferage wIth

different ways. In dowg this they use so many mdigenou5 ways that it is dirficu1t to
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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 encoumged because of the

double registration system by mechanical and electromc index. Besides these "ith this

electmni~ devi~es it i~ po~~ible to log, store and analy~e the gas llsage. So it hecome very

easy to identify gas piJj"erage from the actual usage and gas hill can be prepared from this

actual usage,

This devlce can record or stored a good numher of data such as pressure, temperature

compressibility, uncorrected and corrected volume flow rate, total volume at flowing and

base condition and the maximum prcSSl1I'C,temperature and flowing rate with time

regIstration, So it will be very helpful to avoid the clJstomers bill reduction application

regardmg mininllJm pressure usage, But this system wl1l not be n-ultful if the whole

device is not installed with m a cabinet. The EVC can be secLJredby a two level security

code, of which level - 2, operator level and level - 1, Engineer level. The memory of

EVC should be nonvolatile and non-era.sable one and it is able to recognize unauthorized

handling,

9.2,1.2 Cabinet Type Regulating And Metering Station

Cabinet type reglJlating and metering station can be installed in the industrial clJstomer

premises, All the equipment of the RMS can be arranged with in a cabinet or box. The

box can be closed with a lo~k and key and electronically "ith a two level security code.

Proper ~ealing ~yslem ~hould be applied to avoid unautllOrized handling. If unauthorized

entrance wlth in the cabinet can ~topped then IJnalJthorlzed handling of reglJlator,

pressme gauge, meter index and meter can be elimmated.

Standard RMS can be designed on the basis of hourly load and outlet pressure of the

commercial and mdlJstrial clJstomer. And accordingly cabinet can be prepare with the

following:-

Cabinet/Box should be compact and less "eighted,

Material should be cheep and available.
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Easily idenll fication number of each cabinet.

Meter, pressurc gauge and others devlces reading should be vlslble from out sIde

the cabinet.

Facllity for easy removing of gas originated from leakage or in side the cabinet.

Ability of collecting infonnation from the outside of the cabinet without opening

the cabinet or remote facility.

It will not hamper the maintcnancc ofthc RMS.

More [han one number of locking arrangement or system should be included with in an

mdustrial and cOimnercial customer cabinet type RMS. One of them should be lock on

lime useable and not be able to unlock it without destruction itself. Beside this electronic

l,,,king system ",ith two level passwords can be obligatory. Off these two level one is

opcrator and another is supervlsory. To open (hese cabinet both the two level code are

nceded without any orr them the door "Ill! not unlock. For additional safely magnetic

card or scaling systcm ean he used.

9.2.1.3 Installation Of A Flow Restrictor/Sornc Nozzle In The Meter Line

Most of lhe customers use gas higher capacity than the approved load, In doing this they

disorder the gas mder and shows low gas consumption by tampering the gas meter. It is

very hard to conviet the customcr for mctcr damagc. Hwe ean install u restrictor or sonic

n07,1Ie dow]] stream of the meter then this tendcney of meter damage will entirely

diminish because it will not allow excess gas through the meter nm, This will also

diminishes the tendency of the customer to approved lower gas load than thc aetual

COnsumplJon. So it will be easy to control gas pilferage with more than the approved loud

or at higher pressure. This can be obligatory for the customers using rotary/turbine meter

with G-ralmg G-40 or more,
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9.2,1.4 Decreasing The Possible Pilferage Point As Minimum As Possible

If there are some plug pomt in the inlet and outlet portion of a customer RMS, Then it

become very easy to pilfer gas through a by pass connection between these plug point. So

the euslomer RMS should be design with no plug point and vent or opening or plug point

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

9.2.1.5 Installation Of A DLlalChamber Stainer

During (he tIme of cleaning (he strainer the customer pilfer gas in collusion with the

officer and staff related to this work. If a single chamber strainer is used then the

frequency of this cleaning will be more, So it will be wise to install a dual chamber

Stainer in the customer RMS, At the same time cleaning class of the gas in (he TBS, DRS

will increase to minimize this offence.

9.2.1.6 Installation orCustody Transfer Meter

To minimi%e system loss it is very much essential to install custody transfer meter with

high accuracy, low repeatabihty percentage hIgh rangeability, and reliability, Meter

should have custody transfer certificate from OIML at the time of purchase,

92.1.7 Killing Of'Purgmg And Pressure Tapping Point or Service Line

H is velY important 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

pemlanently by wclding. In construction a ne\',' service line it will be wise to keep no

purging point.
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9.2.1 ,8 Permanently Disconnect The Ahandoned Riser

Sometimcs dishonest cllstomers pilfer gas from a abandoned riser by illcgal connection.

Disconnccted customen; U8es gas illegally and continue their activities because it is not

known to the eomp3ny. So the abandoned riser should be dlscolmected pennanently to

reduee system loss.

9,2.1.9 Customer Internal Service Line

Customer internal service line should be installed above lhe ground. If the servICe line are

installed under thc groUild thcre m3Yhave chance to by pass connection.

9,2.1.10 Using ne",ly Installed Calibration Facilities for Meter CalibratIon

Under Third Natural Devclopment Project the company has in"talled two comptlleri~e<.l

low pressure and a high-pressme meter calihnltion heT1ch. These three benches are

equipped wIth very sophisticated instmmcnts. And in this calibration system there are no

chances ofhiasing the meter calibration procedure or accuracy. But our Meter test section

is now still tlsing the old manual calculation transfer proving system, In this system there

arc chances to h",s the meter accuracy. So it will be wise to test thc mctcr with the newly

installed mcter -testing henches.

9.2.1.11 Applicalion Of Gas Sales Manual

To bring the congruity of comlee/ed load among the same classes of different ctlstomers

and keeping the dIshonest customer aloof f!'Om gas pilfcrage the load approval or

reapproval should he made according to the gas sales manual of TGTDCL. All the

f011l1alitiesand section of this manu31 should be properly apply for a gas cOlmection.
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9.2.Ll2 Information Technology

Today is the age of ~omputer and information teelmo1ogy. The world is very advance in

this field but TGTDCL is not stll1 m this stage. Most of the department of TGTOCL has

no ~ompUler. The metering, sales and regional sales department have no soft wire related

to ellstomer data and information.

Application of information tcehnology to prepare a customer data is very important to

speed up the communication.

9.2.1.13 Tele-Metering

The existing metering system can improve by using remote metering or tele metering.

The main component ol'the remote metering are as follows:-

a) Flow ~OlTectoror computer (Eye/FC)

b) '!elecommunieation system (Mobile phone wul).

c) Central eomp"ter system.

The advantage of this type of metering are:-

a) Prevent misuse or equipment.

1) Check on over speed ofrnrbine.

2) Provide evidence when such occurred.

b) YerifY contract execution.

c) Automatically creme customer hills.

d) Collect management information.

e) Create tamper proof3utomatic chccks by:-

I. Burglar alarm on door at the tIme of unauthorized handling.

f) Flow checks against customer profile.

g) Pressllre check to protcct against by-pass.

h) Plow balancc or all meter,;.
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CHAPTER-tO

SYSTEM LOSS SPECIAL PROBLEM OF

BANGLADESH

To find out the contributing fadorn in a distribution or sales system, there found a

number of factors those arc very special only for Bangladesh. These conllibuting factors

are mcreusing system loss and, which arc the biggest component of system Joss, The

mam parts of these are pilferage loss caused by 50 many indigenous \~ays hke meter

tampering, by pass connection etc. aml the other is inconsistent domestic tariff base.

There arc others technical and social factors for system loss are also discussed in this

chapter.

10.1 Transmission System

TGTDCL has already undertaken a number of measures for proper identification and

concurrent reduction 01"UFG in its transmission system. The major steps undertaken are

stated below and these are at various stages of implementation. The actions are

implcm~nted according to internal work plan. The progress of Implementation IS

regularly monitored and success of the same is soon expected to be in sigh!.

10.1,1 Chec!<ingOf Purchase Point Metering Arrangement

TGTOCl purcha~es gas from Bangladesh Gas Field Company Ltd. and Sylhet Gas Field

Company Ltd. Purchase pomt meters are orificc mcters and the secondary elements of

thesc meters are mechanical three pens chart reeorders. Gas bills are produced from the

chart readmg by manual calculation, To calculate the gas flow with the orifice meter, the

followmg flow equations are used:-
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Q=(;'~hw Pf

Where,

Q ~ now rate of gas in CUblCft/hr at base pressure and temperature condition.

h~= differential pressure in inche~ of water column which are measured from

Chart Recorder.

Pr = SUltic pressure in psia which arc measured from chart recorder.

C' = OJifiee constant which arc calculated according to the presented formula of

AGA-3.

,l"ccording to AGA Report no. 3, the orifice plate is subjectively 'checked' for

eoncentnclty. flatness, diameter, edge sharpness and orifice plate thickness. Deviation in

any of these factors can cause measurement error. Checking the meter's secondary

element requires the meter inspection to transport numerous gauges, special test

instrument, hand tools, rererence books aml volume calculation.

The Orifice Meter requires constant checking and cahbnltion of its differentIal pressure

device, Despite regular checking by qualified personnel, if onfice meters are not

operating at ncar perleet conditions, measuring errors of monumental proportions do

occur, as was shown during a special otilice meters evaluatIOn program conducted by

Columhia Gas Transmission Corporation (Reference - 7).

Columbia Gas Transmission Corporation unde, an extension investigation of orifice

metering, the company fonnd that (he small deviation from perfect metering conditions

result inaccuratc mcasurement Ii-om Ihese meters. Combinations of these deviations

possibly create an additive 0, compensaling errol.

Columbia Gas Transmission Corporation found the following mcasurement errors:-

10.1.1.1 A Beveled Orifice Plate Installed Backwards
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This creates a larger throat at the vena contracta and a lower differential across the tap

holes, In the test, the differences bmveen the calculated and actual flow resulting (-)

13.82% measurement error.

10.1.1.2 Dirt Accumulated Upstream Of The Orifice Plate

Dirt u,ual1y accumulated lIpstream against the bottom part of the orifice, which reduces

flow velocity causing a (-) 6,2% measurement errors,

10,1.1.3 Dirt Accumulated Downstrea.m Of The Orifice Plate

This reduces turbulence at the orifice plate and causes flow streamlining downstream of

the plate. This increases the throat of the vena. contracta. lowers the di fTerential pressure

and causes a low registration of(-) 2.3%.

10.1.1.4 Dirt Accllmula.ted On Block Sides Of The Orifice Plate

This reduces the arca of thc orifice opening and creates a higher dIfferential across the

orifice plate resnlting in over rcgistl'3tion of (+) 3.0%.

10.1,1.5 Dirt Accumulated On The Upstream Fa.ce Of The Orifice Plate

Usually wet or oily, the dirt covers the upstream face of the plate. 11streanllines 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 fOllns in the shape of a donllt or a. flat ring, streamlining the

flow and causing a lower differential pressure, a.swell as a potential measurement error

or(-) 27.7%.
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10.1.1.7 Round And Nicked Upstream Edge OfIhe Orifice Plate

This damaged edge streamlines the flo,,", making the vena eontraeta larger, resulting in a

lower differential pressure and a measurement error (-) l1.25%.

These are the Seven most common and most easily duplicated conditions. Columbia Gas

Transmission CorporatlOn cOllCluded that near perfect conditions must be attained and

retained when constructing, operating and maintammg onfice meters,

These represent just a few of the conditions that exist wblch affe<:tmeasurement of gas

using orifice meters. Columbia suggests that more than one 01' the seven undeSlTllble

conditions may exist simultaneously in a meter tube. If conditIOns 6 and 7 existed at the

same time, for examplc, the potential measurement error would be (-) 38,95%.

Some of the others potential sources of error associated with a square edged orifice plate

\\,ith flange tapings arc given he]ow:-

l) Expansion factor referenced to incorrect lapping point.

2) Pressure taping hole too large,

3) Scale foreign material, burs etc. around pressure tapping point.

4) Incorrectly sized orifice plate,

S) Orifice plate too thick.

6) Buckling of orifice plate.

7) Upstream cdgc of plate not sha'l,-e.g. rounding of edge.

8) On fice plate not concentric ill holder,

9) Faulty gasket between carrier riug and flange.

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

11) Abnormal TOughness of pipc bore.

12) PO\lndmg of liquid upstrcam of oriliee plate.

13) Significant change in pipe diameter witb in 8D L1ps(reamof orifice plate,

14) ProtfLIsion ill pipe, such as thermo-well, within 5D upstream of orifice plate.

15) Error in measurement of orifice hore and/or pipe bore.

t6) Pulsating flow-can ha~e signi ncant mfluence,
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17) Incorrect orifice plate in scrvicc,

18) Incorrect application/calculation of gas thcrmodynamic properties.

19) Incorrect base cOn<..h!ionapplied.

20) IncQlTectcalibration of secondary instmments.

21) Incorrect scaling of secondary instrumcnts.

22) Condition of now profi Ie of fluid being measured.

23) Temperatllre at which orifice bore and/or pipc diameter measured l1lcorrecl or not

applied.

24) Inpld pressure incorrectly statcd - i.c, absolute/gauge.

25) Damaged or partially blocked instrument pressure Iincs.

26) Error in nov.- calculation process.

27) Partially open valve with in close proximity upstream of orifiec plate.

From a revicw 01"the above list It will be noted that the majority of potential sources of

crror can be categorized as being that of installation effects. Many of these conditions

wi1l also apply to other types ofmcters such as Turbine Meters.

So measurement of gas with an Orifice Mcter we bave to maintain near perfect condition.

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

10.1.1 Hulk Customa Metering Fucilily Examination

Bulk cllstomer means big user of gas. In TGTDCL system power and fertilizer producers

are within thIS class (Tables - 9.2 and 9.3). Mo>t of the bulk customers usc Turbine

Meter as billing meter. But in Individual Powcr Producer (IPP) RMS Orifice Meter is the

billing meter. (Detail list in Table - 9.2).

The features of Orifice Mctcr related to accuracy have described carlier. },'ow a

discusslon abollt Turbine Metcr and its accuracy are held in this chapter. Turbinc Meter is

a rotary inferential meter, Turbine Meter measurement systems are much ea.sier to

maintain thun orifice systems. The only routine field maintenance recommended is to

periodIcally lubricate the rotor bearings using the external lubrication system filting with
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lubricatIOn pump. This task can be performed while thc Turbine Meter is operating,

without service interruption. Turbine Meters can be expected to operate at an accllraey

level with in (:t) 1.0% over their entire rated operating pressure and flow range. Tf these

meters have been calibrated at or near operating pressure, they arc capable of a

cahbmtlOn accllraey 01"(:t) 0.25%.

From the above discussion it is clear lhatthere are no substantial error in bulk customer's

gas measurement. There may have source of potential error in IPP sectors but at present

these meters are checked and calibrated at regular interval,

10,1.3 Calculation And Recording Of Line Pack

Line pack is the amount of gas gathered in a piping system or network during a certain

operation period. In calculating system loss or UFG, calculation of line pack 1S necessary

because it can mnuence system loss. Nowadays traditional method of system loss

calculatIOn is used in TGTDCL and change of line pack is not anticipated in system loss

calculatIOn proces5, But thl~ should be included,

To calculate hne pack truly, first the sketch or the network is necessary and from the

neN,ork drawing it is possible to calculate equIvalent pipe diameter. Then line pack can

be calculated from the formula.

Q =0.372xF,' ["d'LX~][ 520 ]SCF
P'''' '" 4 14,73 Tf +460

where,

L = Line in feet,

P", = average pressure psia

d ~ internal diameter of pipe (equivalent)

Tf= average flowing temperature

Fn: = super compressibility
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p =~[p +p - P,P" J
'" 3 • J p"+P,

where, Pu= upstream press lire pisa

P" ~ down stream pressme

T =~[T +T _ T,Td )
f 3 • d T +T. "

where, Tu = upstream temperature OF

Pd= down stream temperature "F

Compressibility must be included with !he line pack calculation procedure due to

compressible nature of natural gas. A soft wire can be produce fOT Ih,s pl.lrpose, which

can help to shorten the long calculation tIme.

10,1.4 C.alculalioll And Recording Of PurginglTesring Losses

For system loss calculation, recording of purging and testing loss ~re not include. In

TGTDCL purging and testmg are not properly recorded. Pl.lrging or te&ling loss can be

calculate according to (he standard formula.

10.1.5 Obsolere Measurement Basis

At present the gas measurement basis ill our country is volumetric i.e, gas are being sold

On the basis of volume deli"ered in cubic feet or meter. This is the oldest basis of the

measurement system, Nowadays developed countries uses mass or energy basis, ln our

country thrce IPP eustomcrs uses volumetric basis but tbis volumetric measurement is ror

940 Hut/cubic feet and for the higher calorific value they pay the bill with a ratio of the

actual caloric \'alue by 940 811tiellbic feel.

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

Instmments and mC3suring dcviee such as Flow Computers, Transmittcrs and
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Densitometer can be installed to improved measurement SysteJll, A ma~~ meter can also

be installed in this purpose.

10,1.6 Condemate Volume Calculation Por F:quivalent Ga".Loss

The \"olumelne balance affected by the condensation of hlgher hydrocarbons present in

the gas due to reduction in followmg pressW"e and resultant temperature drop is another

component or system loss. To calculate syslem loss, this condensate is to be convert to an

equivalent amount of gas. This effect has not been taken into account before and lhe

practical approximation for the same is also very complicated, At present an

approximalion determined by Chemical EngineeJ1ng Departmenl or Bangladesh

Universily ofEngineenng and Technology (BUET). This is I litre = 0.971578 MJ of gas

at standard comb linn This approximation ean be rechecked. Also a Sllbstantial amount of

condensate are pilfered by !he dishonest officials and teclmician related to !he collection,

carry and transfer process to p3{lma Oil Company. Condensate is also loss due to

insunieient and manual collection system. So condensation increases system loss.

In. I 7 OffTran.~mission Marker Area Isolarion

Nowadays region wise input 10 the off-transmission system arc not properly recorded.

Region wise input to the off transmission area are not also isolated. So inputs to the

distribution system are not easy to calculale. Due to this non-isolation of regional and

metro sales, input arc not calculated properly rather an estimation is made. So it is not

possible to impose the clear responsibility of the regional or zonal manager for their

system loss.
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10.2 System Loss Special Problem Of Bangladesh In Non-Bulk

Sector

Some special problems of Banglade5h in non-bulk 5ector regarding sY5tem loss are

discussed in this chapter. These are:-

10.21 Domestic Flat Rare TarifJBase

a) TGTDCL introduced domestic gas metering system In FY 1985-86 and about

70% or domestic consumers existing at thai time were brought under this system,

But the sy;tem Wa5 practically discontinued due to VariOU5technical and 50cial

reasons with inlhe next couple of years. These are:-

I) To purchase gas meters for domestic enstomers a huge amount or money arc

required.

2) Meter procurement, preservation, calibration & maintenance works needs

extra manpo ••.•.er and others logistIcs supports.

3) A great number of meier readers and manpower are required to collect meter-

readmg, g<U5bill preparation and correction and posting in ledger.

4) Opportunity of gas pilferage will incrcalic and the Govcrnment will loss huge

amount of revenue.

5) Crimcnalization increase regarding gall pilferage hke bypas5 COimectlOn,

meter-tampering etc.

6) To control gas pilferage, excess manpower will be needed to examine the gas

llsage.

7) Tf it is nol possible to sent the gas bill in due time then account receivable

will increalle,

147



b) Domestic eOnS\illlerS eventually continued to pay their monthly gas bills on the

existing flat rate tanff system revised year to year by the Government. There are

always two options available for domestic users in flat rate tariff system: single

and dOlJbleburner. The problem offlat rate are as follows:-

1) The present flat rate is lower than the actual gas uses ol"the customer.

2) Customers do nOI close theIr hlJTner after finishmg of their cooking. Even

they open their burner all day long to save a match- stick. This type of usage

wIll fimsh our \'aluable natural resources withm a very short tlme and the

counby is not getting auy benefit from the burned gas but environmental

pollution.

3) Leakage in the service line of the customer may cause accident.

c) The gas tariff set by Government from time to time for that nat rate billing

system has always been based upon some estimated monthly gas consumption

rate. A;, per latest tariff the domestic gas flat rate is based on the following

eslimated conSlJmpllon,

Single burner: 43.44 SCM/month

Double blJTner: 74.13 SCM/month.

d) Three different studies conduced by Petrobangla and TGTDCL over the last 10

years suggest that the real use of average domeslic customer is higher than the

above and are found to be as follows:

Single bnrner: 59.32 SCM/mouth

Double burner: 86.56 SCM/month.

e) Applying the above diJTerenee over a total of 419165 Single bumer domestic

customers and 491914 double burner domestic customers on 30'h June 2003 it is

seen that TGTDCL has lost about 153.243 MMSCM of gas over the 2002-

2003, which is about 2.13% oftolal net throlJghpul.
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I) TGTDCL is further anticipating that the real number of domestic customcrs may

be substantially in excess ofrecwded number and the customers would be largely

double bumer lype whereas the record indicatcs the severs. This added wlth lhe

apprehension that though cOlUlected as single burner for obvious advantages, a

section of such customers have been using double burner, is contributmg to the

gas loss for TGDCL more.

g) It may be further noted from thc above that although tariff provides about 60% of

a double burner consumption by a single burner, the study revcals that the same

would be about 70% which is more realistIc because of thc fact that regardless of

thc type of bllmer. the average domestic customcrs would use aboul the same

amount of gas for cooking

10,2.2 Base CondItIOn Varwtion

The whole situation relating to gas metering at gas custody transfcr locations is

dependent upon uniform basc pressurc and temperature eomlitlo1lS as well as 011the

metenng facl1itles and calculation proccdurcs. Base condition variation can causc

mcasurement error. Purchase bulk sales and non-bulk sales should lise same base

prcssure and for Bangladesh it is 14.73 pSla.

}0,2,3 Sel Pressure Varwlion

The pressure set points of industrial consumers those who are using a simple typc

CMS cannot often be maintaincd at the set level. The set points generally change with

the passage of lime in normal operation and nceds frequent manual intervention for

re-setting. ThIs is done as and when necessary but monitor oftcn not possible on

regular basis because of large nwnber of customers and duc to logistic problem.

There are possibl1ilies of gas 10>8 on this account too. The dishonest customer

mtentionally changes the ,el pr~ssure or point for supprcssing rcal use,
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10,2.4 Pilferage

Pilferage of gas by customcrs is reportcdly rampant in the industrial and commercial

seetors, TGTDCL is aware of the situation and as per the estimate fumlshed in this report

the UFG all this account stands over 70% of(otal system loss (Table - 4.2),

Thcre arc reports of pilferage by the domestic customers also the magmtlldc of which

requires investigation for assessment.

10.2.4 1 Mode Of Customer Gas Pilferage

The way or method used by the customcr for gas pilferage can be writlen as:-

i) Direct handling meter index or meter,

a) Slowing the meter mdex by handling it.

b) Changmg (he gear train,

c) lowering the meter readulg by reverse rotalion of the meter.

d) Changing the meter index.

e) interfering the meter index with any other way by the dishonest customer.

2) Tampering the regulator or pressure gauge or both of tbem to use gas at higher

pressure.

3) To ereate an obstacle in recording the gas uses by interference the RMS pipes,

fittings etc.

4) To show or record lower meter reading in collusion with the meter reader with oul

handling the meter or meter index.

5) Customers use gas with an unauthorized, hidden underground line.

6) C\lstomers use gas unaulborized way from abandon and disconnected service line

or a discollllecled nser,
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10,2.5 Account Rece1vahle

Accounts Receivable regarding gas bills by the customers is an indirect component of

system loss. This does not reflect during calculation of system loss but ultimately it goes

upon the company's accounting system as a bad debit. So we can say that account

reeelvable is an intangible component of system loss.

It could be seen from the statement Table - 10.1 given below that the accOLmh

receivables as of30'h June 2003 is Tk. 862,53 crores which is equivalent to 5.11 monlhs

of gas sales on threc months average billing basis. Considering the accumulated provision

l"orbad and doubtful debt.> as per ADB requirements in terms of accepted accounting

practice the amounts come do"n to TIc 758.02 crores which is equlvalent to 4.49 months.

Further cOllsidering some of the receivable which are beyond company's control at this

stage then the position of account receivables would bc Tic 579,61 crores that is 3.43

months of gas sales on three months average bilhng basis.

Sector wise outstanding are sho"n m Table - 10.2. From this statement it can bc scen

that the outstanding ducs ofTk. 382.93 crores against Govenunent and semi-Government

agency itlCludes Tk. 84.37 crores against some of the receivable m respect of BTMC

IBJMC, Govcrnment colonies whIch are beyond company control to reallle at this stage.

If thcsc could be realize the accounts receivable in respect of Government sector will

come down to Tk.. 298.56 crares, which are equivalent to 2.93 months average sales, On

the other hand, the outstanding dues amounting to Tk. 479.60 erores against private

sector customer, includes TIc 178.41 crores in respect of dues from customcrs against

discOlmection, mllney &llitsand injunction suits which are also beyond company's control

at this stage. Consldenng the nct outstanding in respect to private sector customers would

come down to Tic. 301.19 croce which is equivalent to 4.50 months of avcrage sales as

agamst 7.17 months as shown in the Table - 10.2.
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Table - 10, I: Account receivable

51 No. Particulars

Total Outstanding

less Provision for Douhtful
Debts

Total

Less Uncontrollable customers
Dues: injundion suits - 50.93

DiscOimected & Money
Suits 127.48

Total = 178.41

Total Adjustment

Net Outstanding

Amount
("'Tore)

862.53

104.51

758.02

178.41

178.41

579.61

Average
Monthly
BlIl (noTe)

168,93

168.93

168,93

Equivalent
Months Bill

5,lI

4.49

3.43

Table - 10.2: Account receivahle

SI. Sector Outstanding Percentage Average Equipment
No. (crore) Monthly Bill Months

(crore)

1. Govt. and Semi 382,93 44.40% 102,04 3,75
Go\1.

2 Private 479,60 55.60% 66,89 7.17

Total ~ 862.53 100% 168,93 5. I 1

1.52



The company 1; lleverlheles~ pu.(lmg seriQUSeffoTllO Tea1Jzeit's outstanding, As a result

account receivable is huge in every sector like power, fertilizer, private and Semi-

Govemment Organization.

Unsettlement of long pcnding moncy suits of the company and injunction suits of

defaulting customcrs account rcceivable amounting to Tk. 862.53 crores as on 30-06-

2003 includes Tk. 127.48 erores due to customers under money suit and Tk. 50.93 crores

due from customers abstaining from paying under the shelter of courts inJunclion. The

sal(1 amount of account receivable under dispute will remain unpaid as long as the su.its

are in qllestioll remamlllg llnp<llUor un~eU1ed.

I0.2.5.1 Billlg1<lde~hPower Development Board

POB pays thc gas hil1s or cight (08) power stations, In bill payment proecdure they

imposcd some ohjcctions, as the billing amount is excess than the actual usc. This

situation arises in 1993 at APS, RMS gas bill and still the dispute is unsettled. Sometimes

POB could not collcct rcquired amount or money rrom its bulk customcrs like Dhaka

E1cetrie Supply Authority (DESA) & Rllml Eleelrifieation Board (REB) to pay gas bill

as per schedule which resulted in the increase of company's receivable due to PDB's

inability to pay. The problem become acute when Individual PO\ver Producer (!PPj

company like AES, NEPe elc starls to produce electricity. From the;e IPP Power

Producer, POB Purchases power at a hlgher pnee and sale it to the cllstomer at a lower

pnee,

I0.2.5.2 Fertilizer Factory

The au.thorities of 4 (fOlII) fertl1izer factories using gas, supplied by the company are not

paying bills regularly, The account rcceivables of Tk. 39.78 erores are in this sector.
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10.2.5.3 Gas Bills OrGovemment Colonies

As per Government order of Ministry of finance dated 14-01-96 and 05.05.97, gas bills

of the Governmenl Colonies under respective Ministries are bemg recovered from the

monthly pay bills of the official residing in those Government Colonies and thc amounts

are supposed to havc bccn dishllrsed 10 Ihe respective gas companies through Public

Works Directorale (PWD) under Ministry of Public Works. A1thollgh, gas hJlls are being

recovered regularly by the respective Account Gencra1's (AO) offiee hut inrae( full

paymcnt has not heen received by the Gas Marketing Companics duc to some problems

associatcd with this disbursement procedures. An amount of about TIc 20.80 crorcs has

been accumulated as outstanding bills 10pay to IGIDCL by PWD since Novembcr 1995

(0 tll! June 2003.

10.2.5.4 Diffcrent Textile Mills Under BIMC

It may be mcntioncd here for infomlation that in the meantime, 10 mills under

Bangladesh Textiles Mills Corporation (RIMC) out of 17 mills undcr it have been placed

under Privatization Board and the liabihlies of those mills have been takcn by thc

Go~enmlent. The outstanding dues ol"those mills against gas bills are Tk. 12.03 crores,

10.2.5,5 Different JLlleMll!s Under BJMC

Thc payment or monthly gas bills of different Jutc mills under BJMC UTe not being paid

by the rcspcctive mlll' s ulliholity because of their inability to pay. The outstanding of gas

hill" 111 thlS sector is Tk. 47.05 erorcs.

10,2.6 Technological Backwardness

Technological backwardnc~s is a strong factor for systcm loss in Bangladesh.

Technological backwardncss mcans shorlcommg of the gas utilization process or system.

Glass, silicate, lime, re-rolling mills, batch type ccramic, brick/refractory, salt, dying and
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printing induslnes are called load intenSl'ie customers In TGTDCL system. Because these

type of customcr use more gas than their actual needs dlle 10 technological hack wardness

ofthc gas utilization process or system. Gas pilferage rate is also very hlgh m this type of

cllstomer. The reason of gas pilferage is their tedmological shortcoming as well as

lowering of moral aIld ethical value of the customers. All the abo\'e type of cllstomers

used a furnace that is locally fabricatcd callcd vatty. Air fuel mixing is not economically

maintaincd in this typc of furnacc. So there creates a smokey atmosphere in sides the

fractories, The gas is not bum fully in this type of furnace so the customer get a lower

heat value from gas due to improper air-fuel mixing. The colour of the flame of this type

of furnace is radish in stade of blue yellowlish, The furnace wall of this type ofvaUy are

made of nornlal brick in stade of heat resistant firebricks. The ideas of critical insulation

thickness are not applied ill making the furnace wall of the vatty. Internationally accepted

teclUlology regarding this are not used in this area. The customers are not interested to

make the furnace wall as per intcmational standard to reduce heat loss in stead they are

more imcrcstcd to lowcr thc production eost hy pilfering gas.

Due to this process inadequacy almost 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 extent that in turns increases the cost of production. At

present TGTDCL has no sllpporting department regarding lowenng of thiS excess

requiremcnt of gas. So to lower the production cost of the product the customers pilfer

gas with a nlllnber of indigenous ways like meter tampcring; bypass use and many other

ways, A separate sludy can he conducted In designing a heal saving furnace 10 save gas

loss.

]0.2,7 Customer Load Approval

Customer connected loads are not approved as per the 'Gas Sales Manual' imposed by

Petrohangla. Al lhe tIme of load appro\'aJ the customer shows their gas demand by

suhmitting false papers or documents. Sometimes they do this in collusion with the

offi~lal related with the load approval or gas connection, So after approval of this less
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dem~nded gas, customers meet up their excess demand by gas pilferage through a

number ofindlgenous \\'ays like meter and regulator tampering, illegal hypass connection

etc. TIllS is a vilallSsue or fador for system loss in TGTDCL.

}0,2,8 Meter Calibration And Service Fadlme,<

The calibration facilities in our existing system are very old, inaccurate and manual. In

this type of calibration system there are chances for the calibralor to articulate the

~ccur~ey ofthe meter, Sometimes some dishonest official in collusIOn with the customer

~pproved inaccurate meter as an accurate meter. So delinquent customer is nol getting

punishment for gas pilferage. This practice has a strong effect on system loss, Under third

natural gas development project TGTDCL installed one high pressure and two low

pressure computerized calibration benches in the year 2002. It is not possible to articulate

the accuracy of meter calibrated with this heneh. But TGTDCL is still using the old

manual ealihration systenl.

10.2.9 Absence O(Permanent~v Pressure Ami Tempera/ure Recording Del/ice

In TGTDCL system at present there are no pennanently pressure and temperature

recordmg deVICes. Now pressure gauges are used to record the setting pressure and nO

temperature measuring devices arc used to record temperature. As pressure Gauge cannot

record or store temperature permanently the customers always usc gas at a higher

pressure than the eontruerual pressure. Tnthis way customer become ahle to pilfer gas. If

there were some electronic volume correction device installed in the customer RlVISsthen

it would be very easy the record the pressure and temperature and that may eliminate

system loss to some extent. This is a vital issue for system loss.

l() Il() Un-Metered Umge

Sometimes customers uses gas un-metered due to actual or intentional damage or flow

meter. The domestic users are also un-metered in our country. Sometimes under size
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meters of CGS, TBS cum DRS, TBS, DRS and CMS are damaged due to over spinning.

Intentional damagcs arc also happcncd in these respect. Then the inpllt of the network or

a region emmot bc calculatc. In this way the customer in collllsion with the TGTDeL

makes a ways and means for gas pilferage,

10.2.11 Ercess 20 MMSCFD Gas Demand During Winter Season

In (he wimer season the domestic gas demand increases 20 MMSCF gas per day with the

same customer size than the summer or hot season, The company does not get any

revenue for these excess 20 MMSCF demanded gas because all this gas are uses for

domestic purpose Maximllm amOllnt of this gas are used to heat the room or to dry

clothes,

10.2.i2 Non-iso/arion Of Regional Wise input And Output

Gas input outPllt of a area or region of TGTDCL are not isolmcd speeially the Metro

Dhaka's supply cannot be isolate due to complexity of the distribution network supply.

So (here are no region wise accountability of the metro Dhaka and some othcrs regional

sales office, Absence ofthcsc rcgion wisc non-isolation inereascs systcm loss.

IO.2.! 3 FIXed Prrssure Factor

In TGTDCL thc gas bills of industrial, commercial aud metered domestic customer are

prepared on the hasis of fixed pressure factor. And temperature and super compressibility

factor assumes as unity. As metering pressure are the eOntractllaJ pressures of customers

with the company. So gas bills arc prepared on this pressuTC factor. But the customer

usage gas at a hlgher pressure than the approved pressure.
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10,2.14 Billing Cycle EfJecl

Billing cycle is the time period het"etm the 8L1hsequentbllls, duration of thIs hillmg cycle

is one month, Thc timc frame ol'this hilling cycle starts rrom 21" day ora month to the

22"" day of the next month, At present in TGTDCL system no SCADA or Tde-Metering

system for collectIOn of meter reading for system input or customer billing and meter

readings are collected manually. BLlt a huge number of cu,tomer meter reading, are not

possible to collect at a time with the existing manual meter reading collection system. As

a result meter readings arc eollectcd at differcnt interval. This inconsistent mcter readings

collection increases system loss.

}0,2,}5 PolitJcal Factors

Sometimes dishonest customers get a gas connection by exercismg politIcal power, The

delinquent customers do not pay bill in the shade of political party. It is not possible to

disconnect the gas cOIDlection of a politically shaded customer because they shows

musdes power. Disconnected customers reconnected the gas line by using political

power. This evil practice increases system loss.

10,2.16 Co!lective Bargaining Agen! (eRA) Acnnty

In TOTDCL there is no elected CBA. llIegally the prcsent Government party's related

lahour organization is the legal CBA. The CBA changes with the changes of Government

po"er, This CBA strongly handle the meter tcst and calihration facilities and the

metering section and the sales and regional sales office. They transfer the existing

manpower working ill those office and posted there new officials those who will work

accordmg to their order or consent. They get a big amolmt cash or kind by transfer and a

monthly allowance from these officials.
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]0.2,]7 De"mtialion Of Moral And Eih,cal Value

Al pw;en( lhe ga~ U8ersand the official related to the sales and metering office want to be

a rich man within a very short lime. This objective has lowered thelr moral and ethical

valnc, So now they can do an illcgaltask vcry casily. They always cam money illegally

in collusion with the dishonest customers. This is a great hurdle to reduce system loss.

]0.2,18 Crimina/cation

Some cnminal cycles are now active in TGTDCL. They have sufficient technical

knowledge about gas pilferage. So they are hired by the customers to do (he ll! activity

related to system loss like meter tampering or bypass com1ection.

10.2,19 Company's OWl! Use

Company's OWl1use is the amount of gas used for system operation required for healing,

inslrumentatlOn elc. This anlOunt of gas is not dearly quantIfied and reflected in system

loss calculation, Mainly gases are nses to preheat the natural gas and as a fuel of stand by

gas generator. Some ofthcse generators havc no meters for gas measurement or record,
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CHAPTER-ll

ACTION PROGRAMME

11.1 Measures Taken To Reduce System Loss

TGTDCL launched a tIme bound aetlOn Program in Al!gusl 1993 lo bring down the then

level of 7 to 8% overall system loss of gas sales against the net throughpnt in the pipeline

to a levcl of 2,8% with in thc FY 1994"95. The program, all partially revised over the

initial draft (March 1993) came to be known all "Revised Time BOUIlUAction Program

(RTAP)" and it delineated the time frame for reduction of syslem 108son a graul!al hasis

are shown in Table - 11, I.

Tahle - 11.1: System Loss Rednction Program OfTGTDCL In FY 1992 - 93

UFG " Time framc for rcdnction
eSlimated

" ItemofUfG percent of FY - i993-94 FY i994-95
So net

th.rough , " m " , " m I"put

, Technical 125% 1.25% 1.25% Ll~% LlO% 1.20 "" " "' 0.80

-
'y'IC"1l1Iu,"

U Tran,nm,ion 049% 043% 0.49% 0.45% 0.40% on eO' '" 0.30
ioss

-

U lJistribull(Jn ().7o% 076% 076% 0.73% 0.70'% () 65 ().o() 0.55 0.5()

I""
-, Non-tec!llllcai 8,11% 7,44% 6,74% 5.94% 5,14% 3,20 2.80 2.40 2.00

ioss
-
" p,1tcrage loss 6.67% 6,00% 5,30% 4.50% 3,70% 3,20 2.80 2.40 2.00

Lo>s due t"

"
incon,i,ienl
dome'ti,lu 1.44% 144% 144% 1.44% 144% ~ ~ ~

bill

Totai 9.36% 869% 799% 7.12% 6.24% '" 3.74 3.27 2.80
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The RTAP (August 1993) was taken up in the backdrop ofloan negotiations with Asian

Development Bank (ADB) for Third Nahlral Gas Development Project (TNGDP), The

RTAP was drawn in consultation with ADB and with dl.le approval of the competent

authority,

The system los" or Unaccounted For Gas (UFG), as dcfIned in the RTAP and as still

considered valid i" that portion of thc gas purchascd that is not accounted by sales,

tran~ler, company use or other wise acconnted for, Thc factors affecting system loss were

all grouped under two broad heads: technical and non-tcchnieal. Based on operational

experience and availahle opemtional data, component wise contributions of each of the

technical factors were estimated at that time about 1,25% and the non-technical factors to

acconnt for about 8.1 I% the total system loss being 9.36% of net throughput in the

reponing year (FY 1992-93), \vhich is shown in table - 1.1.

11.1 1ActiOn Program

Soon after the launchmg of the RTAP elaborate activities were initiated in all areas of

system operation as well as customers level. The activities included inspection and

improvement of region wise input metering, customers meter inspection, meler testing,

and meter replacement, customer R1v1Sssealing, disconnection, load increase, Some of

the activities are quoted from tbe Revised Time Band Action Programme. These are:-

Actions for proper identifIcation and reduction of System loss.

1, Check mg 0 r purchase point metering arrangement.

2 Bl.llk Cu,;tomer metering facihty e~amination.

3. Calculation and recording of line pack.

4. Calcl.llation and recording ofpurgmg and testmg losses.

S. Examination of gas "pecifications and measurement procedures at varIOus

location,;,

6. Condensate volLllllecalculation for equivalent gas loss.

7. Market area isolation for off. transmission and off. distribution networks.
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8, Survey of actualnnmber of different categories of live customers to a8certain the

extent of lmmdhoriz,ed use of gas.

9. ldentitleation ol'load intensive customer and analysis of their load or operational

behaviour.

10, Assessment of the actual gas use pattern by domestIc customers through

consumption survey by installation of meters at selected locations.

II. RegulaT joint calibration at purchase points.

12. Regular customer RMS inspection! maintenance.

13. Defaulting and disconnected customer RMSs removal and riser killing.

14, Sealing of all industrial and commercial customer RMSs under special program,

15. Regular network maintenance operation to mmimize leakage,

Thcsc activities yielded initially positive results, which was caused by a fall in the

monthly UFG le,els to about 6%, The Improvement could not be sustained, The UFG

level shot up over the next 2-3 years a raising concern for the company, As such fresh

drive has become necessary to arre.<,tUFG level, if not to the 2.8% on net throughput as

covenanted in the loan agreement, but to a reasonable low and tolenlble hm]!.

] 1.2 Extended Measures Taken To Reduce System l.oss

The company has been implementing action plans to reduce overall system

loss/Unaccounted For Gas (Ur-G) by zonal isolation, meter sealing, calibration and

replacement of old meter,; intenSl\'e vigihmce, disconnection of unauthorized gas

connection by task force, speedy disposal of couli cases, electronic metering,

!low/pressure loggmg system etc. Necessary measures are taken to reduce the system loss

to an extent of 50% at Narayangonj, Tongi, Narsingdi, AshugonJ, Bralmuillbaria,

Sherpur, Netrokona, Goffargoan areas. A target oriented programme known as Second

Time bound Action Programme (STAP) are implemented by the officers to collect meter

reading and frequent visit of the customer premises. Meter scaling and testing

prllgramme. It is mentioned that if the existing system loss can be reduced to an extent of
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1%, yearly revenue loss of Tk. 24.00 crores and a monthly rate of Tk. 2.00 crores may be

arrested.

11.2 1 System Loss Reduction Programme

In terms of reduction of system loss to a realistic level over a period up to FY 2004"05,

subject to concurrence of all concerned, the company proposes a system loss reduction

plan, "hleh 18shown in Table -] 1.2.

It can be seen from the above mentioned table that the system loss percentage due to non-

tedmical factors those are happening in the non-bulk sector life proposed to be reduced to

a level of 2.0% within FY 2004-2005, Thus it ISproposed, in other words, to rednce the

non-bulk system loss to around 7% of the relevant mput as against the current level of

more than 20%, The company takes a extended action program to reduce the system loss,

which is attached in Appendix - B. The main action programme are to improve area wise

input metering, improvement ofthc customer metering, minimization of operational loss,

strengthening customer management, development and implementation of system loss

accounting procedure, identification of factors responsible for systcm loss in sales area

against input, vigilance of load intcnsivc customers, disconnection of delinquent

customers and riser killing. The estimated cost of the programme is 41.29 erores.

The proposed system loss reduction targets delineated in Table - 11.2 would be

forthcoming depending upon initiation and accomplishment of ccrtain steps both within

and outside the purview of company's own authority. The steps to be taken L1pwill be

separately drawn up with specific time frames up to FY 2004-2005 and placed before the

authority for consideration. Major activities of Second Time Bound Action Programme

(STAP) are as follows:-

1) In.~tall,,-llonof 60,000 domestic gas meters.

a) Issuance of !FB: with in 15 Oct, 2001.

b) Award of purehasc order: within 3] Jan, 2002.
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Table - 11.2: Recommended Extended Action Program for System Loss Reduction

Year & Qtr. Tech.!system loss % NOll-tech, Loss (% 10tal UFO (% of
of NT of NT) ND

FY 2001 - 2002

I 1.25 6.75 8,00

II 1.25 6.25 7,50

m 1.25 5.75 7.00

IV 1.20 5.30 6.50

FY - 2002 - 2003

I I ,15 4.85 6.00

II 1.10 4.40 5.50

1II 1.00 4.00 5.00

IV 0,90 3.60 4.50

FY - 2003 - 2004

I 0.85 3.40 4.25

II 0.80 3.20 4.00

III 0.75 3.00 3.75

IV 0.70 2.80 3.50

FY - 2004 - 2005

I 0.65 2,60 3.25

II 0.60 2.40 3,00

III 0.55 2,20 2.75

IV 0.50 2,00 2.50

c) Delivery of meters at company store: with in 30 June, 2002.

d) Engagement of contractors for installation: with in 15 Jnly, 2002.

e) lnstal1ation begin: 1 Ang.2002.

f) 1ns13l1ationto be complete: 31 Mareh 2003,
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The procurement of the meter has been completed in 2003 June but the installation is not

still started

2) Privatization of meter reading, billing and collection of Bills to qualified private

parties:

a) This activity is planned to be implemented in four (4) areas, two (2) inside

metropolitan Dhaka and two (2) outside metropolitan 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 Uttara, Gulsluul, Banani and Uttar- Dhakin Khan areas. Some of the

above areas would require proper pipeline isolation from adjoining areas, which

in turn would involve certain physical modifications of the distribution network.

"The tendering tor engagement of private concerns would need to undergo

administrative approval process and the award to successful firms will be with in

31 March 2003. This is however not achieved.

3) Actlon program to meet TNGDP loan covenants: Loan No. 1293 - BAN(SF):

Upon due examination by Asian Development Bank (ADB) the loan No. 1293 - BAN

(SF) ",as issued provIding for fulfillment of the following actions:-

a) Increased in the as:.essed volume of gas consumed by non-metered domestic

Consllmern (basis rate) by u minimum of20 percent. To achieve that the basis-rate

will rcflcct thc acrnal consumpllon by domestic consumers a further increase in

the hasis rate will be made before the end 01'2004.

b) Increased disconnection of delinquent customers.

c) Repair and testing of the existing meters,

d) Gradual installation of about 60,000 (sixty thousand) gas meters under the project

as a (irst phase beglllning with households that share the use of their kitchen with

other households.
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e) Privatization of meter reading, billing, collectIOn and gw. eonSClmption assessment

with powers of (ilsconne<:lion in gas management zone, i.e, delineated districts

wllh known gas qllantilles ~llpplied and consumed, following an auction among

quali lied private parties,

II 2.2 Meter Selectwn, Replacement And Maintenance

3) As per customer load Diaphragm Displacement meter should usc with G-rating

range G-l.6 to G-l0 w)th maximum operating prcssure 0.5 bar gauge.

b) Rotary Mctcr should be used with G-rating nmge~ G-l0 to G-65 with

maximum operating pressure 4 bar gauge,

c) Turbine Meter should be used with G-rating ranges G-40 to G-6500 and

highcr with maximum operating pressure 70-bar gauge.

d) Orit,ee Mctcr should bc used where flow is steady and where are contractual

obligation for using orifice as 3 billing meter like Individual Power Producer

(lPP), gas int3kc metering station and custody transfer points,

e) It is advisable to use a rotary meter instead of a diaphragm meter when the

customer demand load is G-l0, and a use a turbine meter iustcad of 3 rolllry

meter for customer demands G-40 and G-65,

f) E3ch department should select the meter such thaI the meter digit should not

turn ovcr within one year,

g) The selected meter hourly load should not be less than the cClstomerminimum

gas demand.

h) Meter should bc selectcd on thc basis of minimum outlet pressure. If there are

chances to incrcase the pressure then it is advisable to use a somc nOlzle do",n

stream of the mcter.
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i) At the time of visiting customers RMS if it is seen from the index reading or

from EVC logging data that the customer gas ClSeSor load exceeds 120

percenl of the cuslomer approved maximum load. Then it is obligatory to usc

a sonic nozzle in the meter run.

j) Dual index type meter like mechanical index wIth read contact ~wltch for

EVe and mechanical mdex with proximity sensor or slot sensor for flow

computer can he u~e,

k) Disorder meter should be replaced with a new one with in three working days,

I) Meter with G-rating higher than G.65 should be calibrated 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

10 yeal's.

11.23 Pipe Line Developmenl PrrdeCl

Construction of 1" to 8" x 116 km Distribution line will be completed with company's

own financing at Muktagacha, Sarishabari, Kaliganj, Hazratpur and Blbirbazar of

Keraniganj Ihana, Kmmangirchar area of Dhaka CI(Y,Savar, GouripuriShambhuganj and

Monohardi mdClstnal area inclClding 1" - 6" x 60 km at Brahman Baria area under gas

Distribution project.

11,J.41nslal!alion Of A Eleclron;c Type fnJex

Mechanical index type of meters is used in the existing metering system. In this type of

measuring module there are some fixed and changed gears. Delinquent customer's

changes this changed gears matching mesh of the (wo gears and slow down the meter
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permane]ltly, This is a problem for the cxisting metering system, which can be minimlZed

by installing electronic type index sy"tem or a dual type index system ..

11.2,5 SysTem And Management ActiviTies

The management of thc company initiate various programmes such as: improvement of

the existing gas markcting process for beller customer services, install"tion of domestic

meters at customer premises, mcrea.<lcthe numbcr of offices under metro Dhaka and

region'll salcs divisions, to in,t"]] prc-paid meter, construction of customers gas line by

finns acceptable to the company as well as customers, trammg of officlals, recruitment of

expcnenced manpower for improvmg customcrs serVlCCS, modification of

CGS;TBSfDRS lor adequate gas supply to new customers, eliminatiOn of low pressure

problems, arrangement for gas bill payment through the bank/credit c"rd using web site

information,

Though enough efforts havc been under taken to reduce system loss, expectcd result

could not howcver be aehicved due to shortage of effiCient manpower, abscnce of

congcnial working atmosphcre, inadequate logistic support, construction of by-pass line

by dishonest customers, illegal re-connection from disconnected riser~, unauthoti~ed use

of gaslloadlinstallation, CMS and metcr tampering ctc,
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CHAPTER-12

DISCUSSION, CONCLUSION AND

RECOMMENDA nON

Purchase point gas metering onfice metcrs wl(h three-pcn chart recorder are used as a

fiscal meter, The gas flow rate lS calculated from this chart by manual calculations. So

there may have chances to commit an error, Flow computer with electronic tr.msmitter

are not used to minimlL:e this error. Since a large amount of gas is purchascd, a vel)' sn13l1

error will cause big amount of gas loss gain, For bulk eustomer~, gas metering turbine

meter with a (wo-pen chart reeordcr are used and gas flow are calclJlated manually, Flow

computcr with electronic (ransmitters are not used to get bettcr accuracy,

Sometimcs due to third party damage or in the case of an undcr or over sized meter, IJn-

metered gas passcs through the CGS, TBS aud DRS to the sales system or area and input

(0 that region are not correctly mcasured, rathcr an estimation is made from the past use.

Measurement uncertainty of the meter and the sceondary instruments are not included in

[he system loss calculation formnla or process. But as per the intemationally accepted

fonnula or practicc this should be incllJded in the system loss calculation process.

Line packs of TGTOCL gas system are not ca1clJlated on daily or monthly basis. The

change of line pack is not mcludcd in the system loss calculation proccss. But as per the

intemationally accepted fonrllJla or practice this should be included in thc system loss

calclJlation process. l£akage, purgcs, vented arc not calcnlated and included in system

loss calculatIOn process blJt this should be included. Companies own use is no! recorded

correctly, Some of the places thcre are no meters to measure gas flow. Estimation is made

for this purpose.

The main parts of the system losses are fmm the non-bnlk customers. And all of these

lo~ses are pilferage loss by so many indigenous method as descnbed earlier. Sometimes

TGTOCL officials are relatcd to these offences. Regionwise gas nct\~ork isolation is not

169



completed. And region wise input- output calculation arc not adopted with rcsponsibliity

of the regional manager.

Present admmlStrativc reforms are not favourable to reduce system loss, At the same

time. the presently political powered CBA system is not favourahle to reduce system loss.

12.1 Conclusion

1t is clear that the main part of the system loss is pilferage loss. TGTDCL undertook a

number of programs to reduce this evil practice. But every time the company failed to

reduce the system loss within the internationally accepted level (:1:2%) 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 act;".ity ofTGTDCL it is not possihle to reduce system loss to the desired level.

Therefore, it will be wise to transfer the transmission portion of the company to GTeL

and isol~te the di~trihution network region wise with improvillg the existing metering

system as dIscussed in Chapter - 09 and divide the company into few smaller companies.

Eventually, then smaller companies may be privatized.

Profit oriented goal of the private company may be ahle to reduce the system loss to the

intemational1yaccepted level

12.2 Recommended Action Program To Reduce System Loss

The following action progranmle can be made to reduce system 10ss:-

• Formallon of a system loss monitoring cells with appropriate manpower also

extended and strengthens the actiVlty ofUFG reduction monitoring cell, Survey of

actual number of different categories of live customers to ascertain the extent of

unaulhon:t.ed usage of gas. Identification of load inten~ive customers like lime,
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glass, re-rolling mills etc. and analysis of their operatlOnal behavior and gas

consumption pattern load approval and re-approval should be on the basis of th,S

consumption pattern Assessment of the actna! gas usc paUern by domestlc

customers through consumption s"rvey by installation of meters at selccted

locatlOus. And flat rate gas bill should be declare on the basis of this assessmelll,

• Market area isolation for off-transmission and off-distribution networks, Metro

Dhaka distribution system/sub-system isolation and input-output analysis.

Allocation of clear responsibility to metro Dhaka zone/sub-zone and regional

distribution offices for gas input-o"tput balance through complete system

isolation

• Improvement of the existing metcring system by installation of a cabinet lype

Rl\1S for industrial and commercial customer with Eve with the gas meter and a

sonic nozzle in the metering nm.

• Formation of a taskforce to assist the UFG monitoring cell with appropriate

manpower and equipment. Vigoro"s and frequent inspection of customer

premises by taskfOTce with hIgh official of the company is to bc madc at regular

interval,

• Rationalization of cons"mplion patlerns of customers. Ensuring effective

maglSlrdCY support for customcr control. Strengthening legal services. Public

motivation/awareness campaign through mass media about ways and means of

gas usc and a~<lldloss,

• Streamlining meter rcading colleclion actIvIties. For system balancc calculation of

CGS, TBS, DRS gas flow rapid colleclion of meter reading is essential.

• Introduction of cffcetive punishment system in the form of transfcr, suspcnsion,

and dismissal, as appropriate for lhe company employees found responsiblc for

mcrease of system loss, !ntroducllon of s"itable reward system in the fonn of

extra-gratia, cash award, promotion, honour awards, as appropriate, for the
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company employccs contributing to thc reduction of system loss, Ensured regular

transfer of longtime jobbers in particular fields. Suspend lhe adion or collcctivc

burgeoning agent.

• Up-gradation of all hulk metering installations (Purchase and sales meters).

Distribution leakage survey. In this contexl a,>sessmenl of existing cathodic

protection (CP) system and necessary up-gradalion adivilJes shonld be made to

reduce leakage. Eslablishment of a sonnd line pack calculation method with a

software development, Crealion of a systematic condensate accounting and

reporting method and its cquivalent gas calculation procedure.

• lnspcction teams to find out unauthorized gas use by mdLlstrial and commercial

and domestic customers both in Metro-Dhaka and outside Metro-Dhaka area.

Cuslomer melers older than ten (10) years can bc gradually replaced and those

older thilll five (05) yeMS are broughl under accuracy checks. Strcngthened the

activity of disconnection tcam to disconnect of delinquent customers by

magistracy support.

• Moderni7,ation of customer RMSs with utmost pilferage protection. Establishing a

comprehcnsive customer inspection and monitoring process. Modernize of dally

and monthly gas accounting and reporting proecdures. Up-grade the regional

input metering station and metering system isolatioo. CondLldiog a

comprehensive customer and load survey.

• Installation of further domestic meters after proper evaluation of the out comes of

thc program at hand (60,000 meters). Engagement of expatriate consultants to

under takes the appropriate works as a package of the above actIvities,

• Gas Acl co\'enng the additional require legislation should be prepare. Th,S will

inclLlde the followmg. Expedite the recovery of \illpaid bil1s. Empower gas

lransmission and dlstribLllion companies (0 disconnect delinquent/nonpaying

consumers and hlllit juris(hction of civil courts to issue injunctions preventing

disconnection in such cases. Provide assistance for effecting disconnection of
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delinquent/nonpaying consumcrs. Cnminali1e theft of gas and tampering with gas

meters, etc. including punishing abettors, Empower personnel of pnvate meter

rcading, billing, and collection companies to havc acecss to tbe premises of

consumcrs. Administrative action such that the company can be benefit from thc

legislation.

• A customcr database should be prepared. Update the customer ledgcr and

expedite thc rcvcnue collection.

• Transfer transmission portion with bulk-customers to GTCL. Regional wise

isolate the company and make a number of small company and thcn sale this

small company part by part to private owners,
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APPENDIX-A

System Loss Calculation Procedure

S1. No. Hem Amount

I. Gas Purchase

2. Own use

3. Net throughput (1-2)

4. Sale

(a) Power

(hl Fertihzer

I."1 Industrial

(dl Commercial

I.') Seasonal

(0 Domestic (Metered)

(8) Domestic (Single burner)
(h) DomestIc (Double bunler)

(il
Condensate (eq I.livalent)

5. Unaccounted for Gas (3 4)

6. Techmcal System loss (Estimated)

7. Dom. Tarin loss

8. Total (6 + 7)
9. Net UFG due to non-Tech loss (5-8)
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APPENDIX-A

Statement of Gas Delivery/Input to the Non-Bulk Sector for the FY 2002-2003

I By Nellmg offMe[hod (NOM)

m. Months
ParliULla[es

" July Aug. Sept Oct. No\. Dec Jan. J.eb Mar, A~ M" June Total

, Total Ga; purthased from
57811 601.39 563,72 61~,513 579.738 608,97 615.51 579,7 604,99 626.19 61994 598.55 7196.32Jidd,lulhor ,ourte>

, Company'. u"n u;~ for 0472 0.381 0.318 0.315 0.33 0,371 0.424 0,38 0,315 0.464 0.417 0,416 4,639.,y,rcm op<:.ra[ion

, Nel throughput in !he
'I ransmission System ~ 577 63 601.01 563.4 619,162 579.408 608.6 615.08 579.32 604.67 625,73 619.53 598,13 719L6~
(IH2)

, Sak, 10 Pm,or ,ralions 309.91 282,26 . 257.63 291.935 260,155 272.11 274,99 263.28 2898 308.47 288.48 291.77 .1.J90.77

, Sales to Fertill,., Plants 68,341 120.55 110,14 120 68~ 1()8.263 125 II 116.71 11525 1235 111.72 113.5 89.664 132345

"
T01a1Sal.s to Bulk Sector

378.25 402,81 367,77 412.624 3(,8418 397.22 391.7 378.53 413.3 42().l9 401.99 381.43 471422~(4)+(5)

, Total. Del,,'ery/ Inpul to 199,38 198,2 195.64 2()6.538 21099 21138 223 38 200.79 19137 20555 217.54 216,7 2477 46Non-bulk S.ctoc=(.1) - (6)
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Appendix - B

Action A.I: Improvement of Area \Vise TnputMetering

De~eription of Sub-task FY 2003 - 2004 FY 2004 - 2005 FY 2005 - 2006 Budgetary Responsible Div
involvement

I II III N I IT 1lI IV I II TIl 1V

(a) Field survey and ~~ • Operationsidentification
• Planning

(b) Fixing/refixing with ex- ~~
stock meters and
aeeessones

(c) Procurement ofrequisite USD 1.0
no. of new metering MJlholl
equipment

(d) Upgmdation with new ~~
metering equipment

(e) Continued input metering ~~

usn 1.0
Million

~
~



APPENDJX-B

PROGRAMME BUDGET

SI. No, Description FEX LC
(mill USD) (M"ill TIc)

01 Procurement or metering (Procurement) 1.00 --
equipment for improvement of
input measurement

02 Procurement of metering (Procurement) 3.00 --
equipment for improvement of
customers end measurement

OJ ExtenSIve Leakage Survey (Services) 0.50 --
04 Cathodic Protection Survey (Services) 0.50 --

US Pipeline re-habilitation (Procurement) -- 30,00
(Services)

06 Improvement of odorization (Procurement) O,l5 --
(Services)

07 Creation ofCuslOmer Database (Procurement) 0,25 --
Facilities (Services)

08 E-office Management System (Servlees) -- --
09 Assessment of merit of legal (ServIces) -- 1.50

suits by Legal Consultants

10 Disconnection 01' delinquenV (Services) -- 2.00
defaulting Customers and riser
killing;

11 Implemcntation of HRD (Services) -- 2.00
Prognmlme

12 Procurement of requisite (Procurcment) -- 50,00
lran.<'porland office EqUlpment

Contd.
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Contd.

Sl. No. Description FEX LC
(mill USO) (MJll Tk.)

13 Development or Media (Services) -- 0.50
Campaign Programme

14 Campaigns in Print/Electronic (Services) -- 2.00
media

15 Opening Compatly Website (Services) -- 0.10

Total: 5.60 88.10

Above estimated cost of the = 41 ,29 Croers (approx)
Programme '" equivalent "nearly 4 - 5 months prevailing
system loss in monetary terms
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Appendix - Bl

ActIOn A.2: lmpTOvement ofCll,tomer .'Vfetenng

Description of Sub-task FY 2003 - 2004 FY 2004 - 2005 FY 2005 - 2006 Bllugetary ResponsIble Div
I lJ lIT IV I lJ lIT IV I lJ JJJ JV in\'olvement

(a) Changing metcrs more . • Operationsthan 10 years old

(b) Calibrating/changing .. • Operationsmeters more than 5 years
old

(c) Study aimed at identIfying, .. • Operdtionsevaluating and de~eJoping
improved customer
metering equipment!
system

(d) Procurement ofimprovcd USD 3.0 • Operatlonsmetering equipment! mJilion • Adminsystem

(e) Inspection and necessary .. • Marketingfield sealing/fe-scaling of all
• Regionalindustrial and commercial
Salescustomers RMSs

USD 3.0
mil1Jon-~
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Appendix -B

Acllon A.3: Minimizalion of Operational UlSS

Description of SUb-UlSk FY 2003 - 2004 FY 2004 - 2005 FY 2005 - 2006 Budgetary Re~ponsible Div
involvement

r n IfI TV I n fIT TV I n fIT TV

(a) Extensive Leakage survey USD 0.5 • Operations
million

(b) Cathodic Protection USD 0.5 • Oper ••tions
survey milhon

(c) Pipeline rehabilitation Tk 30.00 • Operations
million

• Planning

(d) Improvement of USD 0.25 • Operations
odorization mJlhon

(e) Strengthening pipeline and -- • Operations
station maintenance
operations

USD 1.25
Million + Tk
30.00 milhon
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Appendix - B

Action B.!: Strengthening of Customer Management
Description of Sub-task FY 2003 - 2004 FY 2004 2005 FY 2005 2006 Budgetary Responsible DivI " JJJ IV I il JJJ IV I il III IV mvohement

USD 0.25 • Fmance(a) Creation of Customer
million (CD)Database Facilities

• Marketing
• Regional

Sales
• Vigilance

(b) Extensive Customer ~ • Marketinginspection and analysis • Regional
Sales

(c) Customer load ~ • Marketingactualization • Regional
Sales(d) CUstomer administration

~~ • Marketingby Grouping customers
• Regionalaccording to class/type of

Salesmdustries
(e) Establishing E office

USD 0.25 • FinanceManagement System
million
USD 0.30
Milhon

00,
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Appendix - B

Action B.2: Timc Bound Programme Admmlstration

Description or Sub-task FY 2003 - 2004 FY 2004 - 2005 FY 2005 - 2006 Budgetary Responsihle Div
involvementI II ill IV I II III IV I II III IV

-- • Marketing(aj Development and
lmplcmentation of System

• RegIOnalwss Accounting
Salesprocedure
Vigilance•

• Operations

(b) Tdentification of factors -- • Marketing
responsihle for system

• Regionalloss in sales areas against
Salesinpnt
Vigilance•

(0) SubmissIon of quarterly -- • Marketing
import/collection reports

• Regional
Sales

• Vigilance

--
-00~



Appendix - B

AetlOn 13.3:Customer Administration Drive

Dcscnption of Sub-task FY 2003 - 2004 FY 2004 - 2005 FY 2005 - 2006 Budgetary Responsible Div
involvemcntI II ill IV j IT rrr IV I IT rrr IV

(al Vigilance ofloa<l intensive -- • Marketlllgcustomers
• Rcgional

Sales
• Vigilance

(b) Assessmcnt of merit of lk 1.50 • Secretariatlegal suits by legal Million • Regionalconsultants
Sales

• Marketing
(cl Out of Court settlement of t Existingappropriate cases I Committee
(d) Aggressive pursuance for

-- • Secrctari atwithdrawal of inJlJnctions

(c) Disconncction of Tk 1,50de1inquenl! default ing
I T Millioncustomers illld riser kinin"

Tk.3,50
Million

-00~
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Appendix- B

Acbon C.2: Augmenting Manpower and logistics

Description of Sub-task FY 2003 -1004 FY 2004 - 2005 FY 2005 - 2006 Budgetary Responsible Div
involvement

J il JJJ IV J II III IV I il JJJ IV

(a) Dlsposal oflong
"" • Admin,

outstanding promotlon
cases

(b) Recruitment of necessary
""

and appropriate manpower

(c) Development of
""

comprehensive Human
Resource Development
programme

(d) Implementation of HRD Tk 2.00
programme mllhon

(e) Procurement ofrcquisite Tk 50.00
tnlllsport and office million
equipment

Tk 52.00
million

~
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Appendix - B

Action C.3: Media Campaign and Customer Relation

Description ofSuh-task FY 2003 - 2004 FY 2004 - 2005 FY 2005 - 2006 Budgetary Responsible DJ'\!
involvenlent

1 IT ill 1V 1 il III N 1 II ill 1V

(a) Development of campaign Tk 0.50 • Secretariat
programme and n13tctials million

(b) Campaign in Print and Tk2,50
Electronic media Ongas million
safety and loss/wastage
control

(c) Opening Company -- • Finance
Website (Computer

Dept)

Tk 2.50
milhon

~
8



Appendix - B

Action C3: Media CampaIgn and Customer Relation

Description ofSLlb-task FY 2003 - 2004 FY 2004 - 2005 FY 2005 - 2006 BudgetaTY Responsible Di~
involvement

I II III N I IT lIT N I IT TIl IV

(a) Developmcnt of campaign Tk 0.50 • Secret;rriat
programme and materials million

(b) Campaign in Print and Ik 250
Electronic media on gas milhon
safety and los>Jwaslage
control

(c) Opening Company -- • Finance
Websitc (Computcr

Dept)

Tk 250
million

~
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APPENDIX-C

2.1 Terminology

In order 10 understand the flJndamental of gas measurement or metering and system loss

the following terms and definitions arc necessary. Some of these terms arc disclJssed

below:-

2,1,1 Gas

Gas is one of the three natural slates of mater-solid-liquid-gas. It has neither shape nor

volume thar is independent of the container in which il is restrained.

2.1.2 Natural Ga.\'

Natural gas IS a mixture of hydro earbon and non-hydrocarbon gases found in the porous

geological structure of the earth. The main component ofNarural gas is methane gas.

2,1.3 Pressure

Pressure IS the force extorted on a unil area, i.e. pounds per square mch, bars, kilogram

per square centimeter,

2.1.4 Atmospheric Pressure

The pressure extorted hy the atmosphere at the surface of the earth is due to the weight of

air, This generally recognized as 14.73 psia or 30" of mercury.

2,1.5 Gauge Pressure

Gage pressure is the pressure measured above the local alrnospheric pressure,
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2.1,6 Absolute Pressure

AbRolule pre"8ure is lhe lotal pressure measured from zero pressure at the datllm point.

\¥hcn its pressllre exceeds the local a[mosphenc pressure it ean be regarded as the sum of

the loeal atmospheric prcssurc and thc gaugc prcssurc.

2.1 7 Vacuum

Vacuum is a condition in which the prcssure IS always less than the local atmospheric

pressure.

2.1,8 Differential Pressure

DIfferential pressure is the difference between two pressures.

2.1,9 Sialic Pressure

Static Pre,Sllre is lh~ pre8Slll'emeasured at any point in a vessel or p,pe, whether the f111id

is ,!ill or flowing.

Absolute

Pressure

f
____---1""'0 P'''_~'_~ :Ac,_"_m_~_p_h_'_''_'_P_' __r Zero gallge pressure

1
VaCUllm

Pressure

1 Barometric

Prcssurc

Figllre C1: The relatlOll ship between absolute pressure and gauge pressure
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From the Figure C.l: It is clear that

Absolute pressurc = Gauge Pressure + Atmospheric PresslJre.

2, /.10 Temperamre

Temperature is thc degree of heat or cold measured with respect to an arbitrary zero.

2,1.11 Amhienr Temperature

Ambient temperature is the temperature of the surrounding air.

2.1.12 Absolute Temperature

Absolute temperature t<lkes as its zero-minus 273.15 degrees C (centigrade) or minus

459.67 degrees F (Fahrenheit). This is transcribed as - 273 degrees C and - 460 degree F

lor engineenng calculations. The absolute scales of temperature are Kelvin for degree C

and Rankine for degrees f,

Absolute temperature must be used in all calculations relating to the gas law equations.

2,1,13 Zero Ahsofme Temperillure

Absolute zero temperature is the point at which all-molecular activity ceases,

],1.14 Volume

Volume is the product of refined measurements taken in three directions each at right

angle, to the other two.

2.1.15 Sprcifie Volume

Specific volume is the volume of a specific weight of the fluid. It is the volume per unit

mass.
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21 16Mass

Mass ISthe quanlity oi'matter in a body. It is measured in any convenient unit i.e, pounds

rnaS8QT kllograms mass.

2.1.17 Specific Weight

Specific weight is the weight of a unit ~olLlmeof a substance.

2,1.18 Denslly

Density is the mass of a substance per unit volume.

2.1.19 Specific Graviry

The specific gravity of a fluid is the ratio of the weight of a specilicd volume of one flLlid

to the weight of an equal volume or a second (reference) flUid. Both fluids must be at the

same temperature and pressure condition.

2.1.20 Mol- Volume

The mole-volume is the volume of a gas that will have a weight equal numerically to its

molecular weight.

2.1,21 Compressibility

Compre8sibility is the ability or a material to reduce in volume "hen subjected to an

Illcrease IIIpressure.

2.1.22 Saper Compressibility Ratio

Super compreRsibility ratio is the factor used to reflect the difference between the

theoretical specific weight of a gas proportional 10 absol\lte pressure and the actual

specific ","'eight,temperature rcmainillg constant.
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2,J.23 CUbIC Feel

The measurement of gas volume of the Imperial system.

2.1.24 Cubic Meiers

The measurement or gas volume of System Tnternational (Sl) standard or system.

2,1.25 Standard Pressure

The standard hase pressure is generally recognized as 14.73 psia or 1 0136 Sara.

2.1 26 Standard Temperature

The standard base temperatllTe is generally re:ognized as

60 degrees F

15.5556°C

520 degree Rankine.

21.27 Compressibililv Factor

For non-ideal gases, which include all nalural gases, a dimensionless factor is added to

lhis gas law. This eorre:tioll factor z, known as the compressibility faclor, compensates

ror variations from the ideal gas laws under conditions of high pressLlrcs and high and

low temperature.

2.1 28 Measurement

The determination of the existence or magnitude of a variable.
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2,1.29 Acel/raey

Accuracy is how close to true from the meter can measure. This is usually stated in

percentage value.

2.1.30 Flo\<Range Or Ranr;abiliry

This ISthe ratio oLmaximum and minimum flows over which the meter will maintain the

specifkd aCCliracyor linearity.

2.131 UnelJrily

Linearity is the ability of a meter to maintain a constant calibration factor throughout its

specified flow range.

2.1.32 Pulse

A pulse represent; only a small incremental volumc of flow. j:or a turbine meter a~ each

of the magnets pa8S the coil a ,eparate and distinct voltage pulse is created.

2.233 PI/l."eDensity

The quantity of pulses generated by a meter for a given volumc of throughput.

2,1,34 Rrpeatability

Repeatabihty IS a meter's abl1ity to replicate the same reading cach time, given that the

~ame flow ~ond,ti(ms exist.

2,1.35 Resolution

Thc resolution of a meter is its ability to measure small increments of total flow.



2,1.36 Totalizer

A mechanical or elech"Ollic device for integrating and displaying the volumetric

throughput of a flow meter.

21.37 Calihralwil

It means lhal compare the vallie or instmment with a standard.

21.38 Alarm

Advice or function that signals the existence of an abnormal condItion. It can be visual or

audible, and its purpose is to attract the attention of the operator.

2.1,.19 COn/roller

A device thai varies the output in order to reglilale a controlled variable in a specific

manner.

2.1.40 Control valve

A device that directly manipulated the now or one or more fluid process streams.

2.1,41 Converter

A device that receives information lone form of instrument signal, and change it into

another.

2.1,42 Funelion

The purpose or action pcrfonncd by a device.
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2, 1.43 Identification

A sequcncc of letters or numbers used to designate an illdividlml ins(mment or loop.

2,1.44 Instrument

A device used directly or indirectly (0 measure and/or control a variable.

2.1.45 InstrumentatIOn

A collection of instmmellls.

2.! 46 Local ;nSlrumelllazlon

Refers to an in~(mment operating at the point of use,

2./.47 Too!,

A combination of instmments or control functIons arranged so (hat signals is passed from

one to another.

].1. 48 Manua! !.O(lding Sialion

A manually adjusted controller with a variable output si6'llal.

2.1,49 Measurement

Thc dctcrmination of the existence or magnirnde of a variable.

2,1.50 Mar/lror

A general lenn for <Ininstrument used to sense the magnitude or status of one or more

variable.

199



21.51 Pane!

A structure (hat hOllSCSa number of instruments together with operator and process

interfaces, and mternal wiring.

2.1..12 Pilot Light

A lamp that indicates a normal condition relating to an individual instrument or group of

instruments.

2.1,53 Primary element

A Sen~()L

2.1.54 Process

An operation or sequence of operations involving a change when compared to the

onginal datum.

2,1.55 Process Var;ahle

Any change other than instrument slgllals.

2 J 56 Relay

A deviee that passes on infonnatlon in an unchanged form.

2,1.57 Scan

To sample in a predetermined manner eaeh of a number of variables.

2,1.58 Sensor

The part of a loop or instrument that first encounters the value of a process variable and

determines a corresponding output.
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2.159 Set Poinl

An input variahle that detcnllines the value ofthe oCllpulvariahle.

2,1.6U Switch

A device that connects, discOimects, selects or transfers one or more circuits.

2.1.61 Test-Point

A process connection to which no instrument is permanently attached.

2,1,62 Transducer

A device that receives information ill the form of one or more physical quantities and

converts the information and prodnces an output signal

2.1.63 Transmiller

A device that responds to a process variable through a sensor and has an output, which

varies in relmion to the process variable.
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l. CGS

2. 1'8S

3. DRS

4. CMS

5. RMS

6. M&R

7. VS
8 PS

9. API

10. ANSI

II. AGA

12, ISO

l3. ASME

14. AST:M

15. TOE

16. 01\1L

17. TGTDCL

18. BGFCL

19. SGrCL

20. GTCL

21. BGSL

22. JGTDSL

23. eNG

24.1.1\'G

25, LPG

26, ADB

27. 1'DB

28. APS

29, GPS

ABBREVIATIONS

= City Gate Slali""

= Town Bordering Station

= District Regulating Station

= Customer Melering Station

= Regulating and Melering Station

= Melering and Regulation

=Valve Station

~ Power Station

= American Petroleum Inslitute

~ American National Standard Institule

= American Gas Association

= InternatIonal Slandard Organization

= American Society orMechanical Engineers

= American Standard Testing Materials

~ International Gas Engineers

= Organintion International Metrolo).,'YLegal

=Tilas Gas Transmission and Distribution Company LimIted

=Bangladesh Gas Field Company Limited

= Sylhet Gas Field Company Limited

~ Gas Transmission Company Limited

= Baklrrabad Gas Syslems Limited

= Ialalabad Gas Transmission and Dislribution System Limited

= Compressed Natural Gas

= Liqllefied Natural Gas

= Liquefied Petroleum Gas

= Asian Development Bank

= Power Development Board

=Ashuganj Power Station

=Grorashal Power Station
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NOMEl\CLATURE

Symbol Represented Quantity Units

D lntemal pipe bore or diameter lneh

d Orificc plate borc In,h

C, Discharge co-efficient

C Speed of sound ftIsec

d Relatl\'e density

"Eli Veloeityofappmaeh factor

F, Basic orifice factor

F, Reynolds number factor

F. Relative density factor

F" Super compressibility factor

Feo Pressure base factor

F" Tcmperature basc factor

F" Flowing temperature factor

GC correction factor

hw Differential pressure (inches of water at 60"F) inch H2O

K Pulse per volume

k isentropic exponent

M Molar mass Kg.Kmol

m Mass of gas Kg

" Numbers of moles mol

FIco, CO2 concentration of sample % (mol) mol%

/I"" N, concentration of sample % (mol) mol%

p i\bsolute pressure pSJa

Q Flow rate ft1/sec

Q, Flow rate at flowing conditions ftJ/sec

q, Volume flow rate at actual conditions ftJ/sec

q, Volume flow rate at base conditions std.ft'lsec
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ft, Universal gas constant

Ro Reynolds number

Reo Reynolds number referenced to pipe diameter

Re, Reynolds number referenced to orifice bore

S Compressibility ratio

T Absolute gas temperature 'R
, Time ,~
V Volume at P and T ft'

V, Volume at base condition ft'

W Wobbe index MJI ft.J

X, Mol fractIOn ofilh component in mixture

y Expansion factor

y, Mol fractlOll of any component in the vapor phase

Z Compressibihly factor

p Beta ratio diD for orifice plate

, Expansion factor

Yo Expansion co-efficient of pipe maranal

yo Expansion co-efficient of orifice material

"' Differential pressure inch ofWIC

p Density at P and T IbmlflJ

p, Density of air IbmlflJ

p, Density of g3S Ibm/fll
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