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ABSTRACT

in Bangladesh, pipe line quality natural gas is the principal source of energy. Te ensure
proper distribution of it to the end users 16.459 thousand kilemeter stesi pipe hines have
been constructed 50 far. The market share of Tilas Gas Trassmission and Distribution
Company Limied {TGTDCL) on the basis of pipe hine consuuclion among four
companies in the counlry is ke highest and about 8.70 thousand kilometers, As these
pipelines are growing old, it 1s becoming more difficult to protect them from the
damage caused by comosion.

hushigani town, a distribution network of TGTDCL is the prescnt arca of interest, as
severe corrosion took place m some poruon of pipelines of this area ip 199%. An
cvatuation of existing corrosion control system of Lthe said arca has been made. Stady
shows existing 30 Amp. x 20 voll TR unit based impressed current system of cathodic
protection is not adequate to protect all the pipe lines in the arca [fom cormosion. On
the other hand impressed current system of cathodic protection 1s not fully appropriate
for the area. Logarithmic mean resistivity of the pipe line envirenment 1s 2455 ghm-cm.
Nost of the pipelines are distnbuted in two part of the town, one part 18 called
Munshigan; and another part is called Mirkadim. Both of these regions are often
tooded by the surpe of two adjacent rivers and most of the }ines are smaller than 3 inch
in diamcter. Sacrificial anode method has been suggested as inproved design for these
arcas. The other portion consisis of 6 inch to 12 meh diameter diswibuton mains. This
parr i5 12 kan long and Jaid along highway. For this segmenl impresscd current systen
has been suppested as improved degien.

For inplementng the improved design, Tk, 53.21 Lac is required to invest. Financial
analysis shows that the investment is viable as compared to the increased operating cost
for progressively wom out pipe lines and cost of unaccounted for gas (UFG) for
cnhancod cormosion in the next 20 years.
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CHAPTER ¥

INTRODUCTION

Bungladesh is a riverine delta having porous and permeable hydrocarbon bearing sand
structures. For the unique condition of traps the country is always considered a gas prone
land. The history of natural gas mdustry in the country starled in 1955 when a pas field
was discavered at Sylhet, tollowed by anothor discovery at Chattak m 1959 Production
and distribution were started by supplying gas (o the Chattak cement factory through a 4
inch diameter 19 km pipehine form this {ieid. After that, gas supply was provided (o
Fenchuganj fertilizer actary through a 8 inch diameter 43 kilomeler pipeline in 1962 and
through @ 14 inch diameter 83 kilometer pipeline to Shidhirgan) power siation in 1967.
Since then the industry has gained extensive progress both in lerms of extension and
volume, Presently four state owned companies viz. Titas Gas Transmission and
Dustribution Company Limited (TGTDCL), Bakhrabad Gas Systerm Limited (BGSL),
Jjalalabad Gas Transmission and Distribution Company Limited (JGTDCL) and
Poshchimanchal Gas Company Limited (PGCL) are engaged tn providing services to about

1.5 million customers.

For supplying natural pas to the customers about 16459031 Km pipe lines have been
constructed so far. 1200 MMSCF gas is being distributed daily through these pipelines.
Table-1.1 is extracled from annual repor (2003-2004) of TGTDCL and it shows market
share of the 4 companies under Peirobangla in the year 2003- 2004 on the basis of Pipe

iing length and gas sales.



Table-1.1; Pipe line consouction up to June’2004 and gas sales in 2003-2004

o Yearly gas
Company ] Length of Pipelines,
Y ear af Establishment sales,
MName km
MMSCM
TGTBCL 1964 LRI F4R0 2T
BGSL 1585 SL3R0| 241891
1GTOCL 15055 2370 15 52,52
PGCL 1595 23T R 557 37
TOTAL - 16450.03 1210 OF

The 16,455.03 km pipelines are national resources. To ensure uninterrupted supply to

the customers and continuous revenue exrning through pas sales, proper conservation

and matntenance of the Pipelines is very important, Some of these pipelines are more

thas forty years old, a major portion have crossed its design life. Gas supply

inferruptions are increasing with time. Major cause of the supply interruptions is

leakage m the pipe line due to corrosion. This problem is most severe for TGTDCL

among four companies of Petrobangla, TGTDCL has the largest pipeline netwerk and

the leakage and corroesion problems are most acute for this compiany.

The reasons far increasing leakage in the pipelines ars:

(i) Mot providing proper atlention to <orrosion conurot system. It is neglected by

the disiribntion comnpames.

{u)  Design of comosion contrgl is not donc during construction of the

pipelines. Cathodic protection {CP) syslem is introduced long aller laying

of pipelines, During this lag peniod corrosion in the pipe line initiates and

the damage is imeversible.

(it  Rapuures in the PVC coating from overburden stress and removal of PYC

tape for welding connection at the time of providing

connections,

fivi Ageing of the pipelines.

customer

{v) In most of the areas CP are not functioning properly. But these are not

monitored and repaired reguiarly




{vi) {eneral tendency of replacing pipelines rather then lengthening its life through
PrOper COmosion control,

Couniry's most of the pipelines are growing old and amouni of unaccounted for gas
{UFG) through leakage of the pipelines is imcreasing. Presently UFG of TGTDCL 15
7.08% and the compaoy suffers a loss of Tk.200.7] crore per yvear in terms of sales
revenue fior Lus UFG. At Jeast 1% of (his 1oss is caused by emission due fo comrosion.
This less is about Tk. 28.35 crore per year. Thetelore (o cunail this loss cxisting

corrosion cantrol system asscssment and improvement of the present system is required.

PVC 1ape wrapping along with cathodic protection is the usual method adopted for
controlling corrosion of pipelines which are laid in moist soil environment. Despite
taking such measures for distribution pipelings of TGTDCL at Munshigani, in the year
1999 severe leakage ok place in some portions of the pipelines. At present the loss
due to UFG at Munshipanj is 7.18% and it incurs yearly loss of Tk.50.26 lac. 5o system

evaluation from the corrosion control point of view is required.



CHAPTER I

REVIEW OF CORROSION ENGINEERING

Corrosion 15 the damage to metal caused by reaction with its environment. The common
environments that corrode metals ere air, water and soil. Corrosion is a natural process for
melals thai cause them to react with their environment to form more siable compounds.
Rusting is & type of corroston of ferrous metals producing familiar brownish-red corrosion
product called nist.

All sorts of chemical and clectrochemical processes that are desipned to improve the metal
are nol considered as corrosion even though damage or loss of material can lake place by
these processes. The location, nature and severity of corrosion depend npon a number of

factors which are discnssed in the following scctions,

2.1 Basic Corrosion Theory

The metals iry to lower their energy by sponlaneousiy reacting with environment to form
solutions of compounds that have a greater thermodynamic stabikity. The driving force for
mctallic corrosion 1s the Gibbs energy change, AG, which is the change in fiee energy of
the melal and environment combination brought about by the corresion, If a reaction is to

be sponlanzous as corrosion reactians, AG for the process must be negaiive,

The term AG is only the difference between ihe Gibbs energies of the final and initial
stages of the reaction and independent of the imtermediale steps. AG values are summed up
for all the steps to find the true Gibbs energy change for the reaction The units of G are

now commonly used in Jouls per mote of metal.
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In corrosion measurements, the driving force is more often expressed in voits (V) which

can be found from the equation below:

E=-AG faF e 2.1

:=  Dmwving force for the corrosion process, volts,
n= Nunber of moles of clecirons per mole of metal involved in the process,

F= A constant called the ‘faraday’ which is the ejectrical charge carried by a mole of
electrons {or 96,450 Columb}.

With AG being negaltve and with the minus sign in ¢qualion 2.1, sponlancous processes

always have a posilive voltage, E.

Aqueons corosion is elecirochemical in nature. The principles of electrochemistry,
esiablished by Michael Faraday in the early nineleenth century, are the key in

understanding of corrosion and corresion prevention.

Fvery electrochermical corrosion cell must have four components:
(1) The anode, which is the metal thal is corroding, It is the positive tenminal.

(1) The cathode which is a metal or other electric conductor whose surface provides

sites for the environment to react. Tt is the negative terminal.

(i}  The electrolyle {the aqueous environment) in contact with both the anode and the

cathode to provide a path for ionic conduction.

{iv)  The clecirical connection between the anode end the cathode 0 allow elecirons to
flow between them.,
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Let us consider the fllowing reaction namely the corrosion of zine by tvdmchione
acid.
Zn+2HC1 =7nClztHy this equation ¢an be divided into anodic and cathodic reactions.

The anodic reactions:

YA s Yt U {22)

Examining the above reaction shows that the anodic reaction occurnng during

¢ormosion can be writlen in Lhe general forn,

That is, in anode reaction the annde metal M cormdes and goes into solution into the

elactrolyle as metal ions.

The cathodic reactions:

There are several cathodic reactions encovntered duning the corrosion of metals. These
are listed below:

Hydrogen evolution 2H +2e=Hs......... .. ......{2.4)
Oxygen Teduction (acid solution) - OptdH' He=2H:0 ........... {2.5)
Oncygen reduction (nentral and alkaline sohution)  © Opt2H,0-+He —= 40H .. ... i12.6)
Metal ion reduction Fere=Fe? ... (T
Metal deposition Cuttele=Ca.......... . {28)

2.1.1 Ekectrode¢ potential

Srandard electromotive force series are given by Weast in 1988 and published in the
book of Bradford (1989), and shown in Table-2.1 below. These potentials refer to the
relative potential of an electrochemical reaction under equilibrium or non-reacting {zero

current Now} conditions.



Table- 2.1: Standard electrode potential,

Reaction E(v)
f AuT"+3e=Au 1498 Noble (Cathodic)
Cloy +34" +6e=C! +340,0 1.451
€l +2e=2C1 1.358
| Cr, on +14H" +6¢ =20 +74,0 | 1.232
02 atr v =2H,0 1.229
Pe™ +2e= Pt 1.118
Noy +4H" +3e= No+2H,0 0.957
Pd™ 4 2¢ = Pd 0.951
|! Agt +e= Ag 0.80
Hg,™ + 2e=2Hg 0.797
Fe™ o= et 0.771
[, +2e=2f" 0.536
Q) + 24,0 +d4e = 40H " 0.401
Cu* +2e=Cu 0.342
Cu™(Sat)+ 2e = Cu{cusod) 0316  Reference electrode
AgClre=Ag+Cl (0.1M- KCI) 0.288 Reference electrode
HgaCl, +2e=2Hg +2el” (Sat.iel) | 9.241  Reference electrode
LZH‘ +le=H, 0.000
PO +2e=pb 0,126
5% +2e = Sn -0.138




Table-2.1: {Continued} standard eleclrode polential

Reaction E(v)
Mo +3e = Ao | 0200
N o= | 0257
| Cos2e=Ca | 0277
Fe¥* +2e=Fe | -0.447
Cd® +2e=Cd | 0403
Cri+3e=Cr | -0.744
Zn? 4 e=27Zn |-0.762

NE™ 13e= Np | -1.009 (Columhium Ch}

i yse=7i | 1630

AP +32= 41 | -1.662

Be* +2¢=Be | -1.847

Mg +2¢ = Mg | -2.372

Na*t+e=Na |-2.711

Kt+e=K -3.040 Reactive (anodic)

Note: ions at 1M concentration, at 25°C (77°F), | atm

Sat. = Saturzted




The potential of a comoding metal is mest useful in comosion studies and forunately it
can be readily measured in the labomatory under field conditions. The corrosion
potential is measured by determining the voliage difTerence between a metal imnersed

in 4 comosive environment and an appropriate standard reference electrode.

In any etectrochemical reaction, the most negalive haif celt tends to be oxidized and the
most positive half cell tends to be reduced. This rule can be applied by considering
several examples The corosion phenomenon of Zing in acid solutions can be
interpreted with the help of Table-2.3. The potential of the Zinc - Zinc ion half celt is
more hegative than that of the lydrogen ion-hydsogen pas half cell. Thus it indicated
(hat Zinc wil} tend to be corroded by acid solutions.

Tt can be pointed ont from Table-2.1 that coppet will not corrode in hydrochloric acid
because copper reduction: potential is gbove (+0.342) hydrogen (0.00) on the standard
EMF serics. But copper slowly corrode in HC! when oxygen from the air dissolves tn
the acid making the Oy+HH" calhiode reaction.

0, + 4 + de = 2H (2 has E=1.229V, well above the value of 0.342V for copper.

2.1.2 Gahmanic series

The galvanic senes is tabnlation according to the corrosion potential of various metals
end alloys exposcd to a specific environment. Snch tabulaton for metals awd ailoys
exposed to sca water is given by Bradford (1989} and shown i Table-2.2. Melals wilh
positive corrosion potentials are usually called noble or cathodic and those with
negalive corrosion potentials are usually referred 1o as active or anodic melals end
alloys. Coupling two metals that are using apart m the galvanic series makes &
corrasion cell in electrolyte sea water. The more noble metal is catbodic and the active
metal corrodes as Lhe anode.



Table- 2.2 Gatvanic scries in sea water

Platinum

Titanium

Alloy 20 stainless steel

316, 317 stainiess steel, passive
Monel Cu-Ni alioys

302, 304, 321, 347 stainless steel, passive
Silver

Nickel

Stlver solder

Wil scale on stecl

Lead

| 430, stainless steel, passive.

| 90 Cu-10 N

410, 414 stainlgss steel, passive
Bronzes

Pb-5n solder

Copper

T

DBrasses

316, 317 stainless steel, passive
Nickel Cast iron

Low alloy stes]

Mild steel, Cast iron
Aluminum

Zine

Mapnesium (Active End)
l

Graphiic (Noble End)
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2.2 Corrosion Rates

The extent of corresion is commonly measured either of two ways. In uniform attack the
mass of metal corroded on a unit area of surface will sansfactorily describe the damape.
However if atiack is localized, the amount of mewl removed on average over the enlire
surface is meaningless. The depth of penetration whether by uniform attack, pitting or
whatever gives a much better description of almast any type of corrosion except cracking

2.3 Weight Loss

The corrosion rale in uniform attack {only) can be given as mass per area per time
{mass/arca lime). The most commen unit of weight loss has been milligrams per square
decimeter per day (mdd).The international (SI) unit of weight loss is expressed as gram per
square meter per day (g/m’.d). To have a very approximate idea of magnitude, it is worth

remembering that corrosion rates in the order of 1 g/ m’.d are usuaily satisfactory.

2.4 Depth of Penetration

The comosion ratc whether for uniform or localized attack, is often given as depth of
penetration per unit time. For localized attack such as pitting, the penetration usually refers
lo the depth of the deepest pit observed, since that one is likely 1o be the most dangerous.
The old traditional unit is mils per year (mpy, where 1000 muls = 1 in). The unit in S
sysiem s millimeter per year (mnvy). Consequently 40 mpy = | mm/y, which is quite 2
severe attack.

For general engincering work the following rules of thurab will prove useful:

(i) When raie of corrosion of a metal is 0.1 mm/y {4mpy) then the metal is considered

a5 good comosion resistant metal,

(i)  When raie of corrosion of 2 metal is beiween ¢ 1 to 1 mm/y (1e, 4-40mpy) then the
metal is considered as satisfaciory corrosion resislant metal if greater corrosion can
be tolerated.
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{ii)  When rate of corrosion of a metal is greater than 1 mm/y {(40mpy) then the mctal js

considered &s very corrosive metal.

2.5 Caleulation of Corrosion Rates

Cotrosion rates can not be calculated because it 1s a function of many vanables, and the
only way to find Corrosion rate is to measure it. However in cases where the anode and
cathode are separaled if the current flowing between them can be measured, the corrosion

rates can be calculated from the corrosion current,

According to faraday's law,

Corrosion rate = 1goe/mF-- (2.9)
Where,

lar = lhe corrosion current density in amperes per square meter {A/me).

F =96490 Chnol.¢.
n = number of molcs of electrons per mole of metal corroded.
Since coulombs = amperes x seconds | the rate then come out as moles of melal per square

meter per second, which converis easily lo the usual prams per square meler per day

(g/m*.d) by multiplying by the atomic weight of the metal and 86400 s/d. The corrasion

rate can be measured when iron corrode in sea water producing corrosion current, L, =

0.4A. The procedure is as follows:

Corresion rate,
= {,wmF
_ 0.44(55.85g { mole Fe)B6400 57 )

> =
m 2malee

{96490 4. &/ mole)
maole Fe

=10 g/m’.d
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2.6 Specific Forms of Corrosion

Localized corrosien: Localized corrasion can be defined as sclective removal of metal by
corrosion at small special areas or Zome on a melal surface in contact with a liquid

ghyironment.

The most common type of locahized corrosion is pitting in which small volumes of metal
are removed by corrosion {rom certain areus on the surface to produce craters or pits.
Pitting corrosion may occur on & metal surface in 2 siagnant or sfow moving tiquid It also
may be cased by crevice corroston, poultice corrosion, deposition corTosion, cavitation,
impingement and fretting corrosion. All these are various forms of localized comosion

discussed later.

Another common type is mtergranular comrosion (sometmes called “mtercrystalline
corrosion”). In his form a small velume of metal 1s preferentially removed along paths that
follow the grain boundarics to produce what might appear to be fissures or cracks. the
same kind of substance fissures can be produced by transprannular corrosion {soinenmes
called ‘transcrystalline, corrosion’). In this a smal! volume of melal is removed in

preferential paths that proceed across or throuph the grains

Piiting, mterpranular and transgranular corrosion and selective dissolulion are caused by
"local elements” ar "local cells" which exiwst at the surface of & metfal and have am

electrochemical mechamsm.,

A local cell is 2 small surface area undergoing corresion that comtains both anode and

cathode sites at separate nearby locations. In the case of aluminum in water, for instance:

Al — 4% 43¢ (oxidatian)
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The alutninum ions are not very soluble in water and combine with hydroxyl ions in the
water to form alumimum hydroxide which is not scluble and therefore precipitates as

corrosion product,

A" 4 3(OH) - AHOH),

This reaction lowers the hydroxyl ion concentratign in the vicinity of the anode so that the
anode areas to become acidic. Negatively charged ions such as chlorides or sulfates tend 1o
migrate toward the anode and may indirectly further increase the acidity. Local cells are
produced by dilferences among small nearly arcas on the metal surface, They may result

from diflerences in the meml or the environment or from impressed currents,

A crevice or a local surface deposit may cause one parl of the sarface to be sereened from
contact with the bulk of the solunon aod thus from acecess to oxygen which the remainder
in conlact with liquid saturuled in oxygen. This causc of local cells is known as

“differential semlion” which is (he most common form of “concenlration cell”,

2,6.1 Pitting corrosion

Pitting is a form of localized corrosion that proceeds because of local cell aeration which
produces cavities begimning at the surface. These cavities may or may not become fifled
with corrosion products. Corrosion product may form "cap” over pit cavities which are
described as "nodules” or "tubercles” product while the shapes of pits vary widely, they
usually are roughly saucer, conical or hemispherical shaped.

Pitting occurs when a film - protected metal is almost but not completely resistant 1o
corrosion, It happens on a metal surface immersed in a solution or moist environment
(such as soil). It occur on metals that are covered with a very thin often fuvisible adherent
protection surface film which may be formed during fabrication or be produced by reaction

with the environment. Thus pitting occurs on magnesium, aluminum, titanium, stainless
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steels and copper 1n cases when surface {iims develop. Tt also may oceur on tron, stesl, lead
and olher melals. Pits develop at weak spols in the surface film and at sites where the Gim

1s damaged mechanically under conditions where self repair will not occur

A pit may go through four separaie stages (1) initiation (2} propagaton (3} termination and
{4) re-munation. The causes of inifiation (i.,g, local ccll action) have been discussed. In the
propagation slage the rate increases due Lo change in the anode and cathode environment.
A pil may terminate due to increased resistance of the local cell caused by flling with
carrosion products, fitming of the cathode cic. If a pitted surface is dricd out Lhe pits will of

course terminate.

Since pittng s electrochemical it can be stopped by cathodi¢ protection. It can also
prevented by the use of inhibitions which aller the electrode reactions of the local cell and

remove their driving force.

Penetration by pitliug often can be prevented by coating the surface of z metal with &
sacrificial layer of alloy (e.p, Zinc or aluminum) or by protective coatings. A zinc rich

point 1s sacrificially active and will prevent the pitting of either steel or aluminum,

2.6.2 Crevice corrosion

Crevice cOrmosion oc-;cur:a tu cracks or crevices formed between mating surfaces of metal
assemblies and usually Lakes the form of pitting or etched patches, Both surfaces may be of
the same metal or of dissimilar metals or one surface may be non-metal Tt can also occur
under scale, surface deposits and under loose fitting metal surface, The crevice may

proceed inward from a surface exposed to air, It may exist in an immersed structure,

Crevice corrosion is initiated as the result of the differential aeration mechanism, Oxygen

in the liquid deep in the crevice is consumed by reaction with meal. Oxygen conlent of
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liquid at the mouth of the crevice exposed to air or of bujk liquid in the case of immersion
is greater, 50 a local cell develops in which Lhe anode or area being attacked is the surface
in contact with the oxygen depleted Hquid 1t is also thought that subsequent P? changes at
anode and cathode sites further stimulate local cell action as in the case of pitting
¢omrosion  This tvpe of corrosion commonly occurs on film protected metals such as

aluminum, magnesium, slainless stecls and titapum,

Crevice comrosion often can be prevented at the design stage by avoiding crevices or dunng
conslruction by filming them with a durable jointing compound that will exclude moistnre
and rewnain resilent. Several synthenhc types of compounds are available with inuch longer
lives than vepetable based compounds which have been used for years.

2.6.3 Ponltice corrosion

Poultice carrosion is a special case of localized corrosion dus to differential aeration,
which usually lakes the form of pitting when an absorptive material such as paper wood,
asbestos, sacking, cloth efc. is in conlact with a melal surface that bocomes wetted
periodically. Ne action occurs while the enure assembly is dry. Little action occurs while
the entire assembly is wet but during the drying period edjacent wet and dry areas develop.
Near the edges of the wet zones differential acralion develops and this leads to pittmg as in

Lthe case of crevice corrosion,

Pouluice corrosion is prevented by avoiding the contact of absorptive matenals with a
metal surface, by painting the surface that will comact such materials, or by designing to

see that such materials do not become wet in service.

2.6,4 Deposition corrosion

Deposition corrosion is a form of pitting corrosion that can occur in 2 liquid environment

when 2 more cathodic metal is plaited out of solution onlo a metal surface. it generally
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occurs with the more anodic melals such as magnesium, zinc and aluminum and commeon

cathodic "activators” are mercury and copper ions (n solution.

For example soft water passing through a copper water pipe will accumulate some copper
ions. If the water is then admitted (o a galvanized or aluminum vessel particles of metallic
copper will plate out i,e ‘deposit’ on the surface of the vessel and stimulate pitting by local
cell action.

Deposition corrosion can be avoided by preventing the pick-up of cathodic ions that will
enter the metal equipment or by scavenging the picked up ions passing the contaminaied

product through a tower packed with metal turnings that will trap them.

2.6.5 Cavitation

Cavitation damagg 15 a form of localized corrosion combined with mechanical damage that
occurs in turbulent or rapudly moving liquds and takes the fonn of areas or patches of
pitted or roughed surface. It has been defined as the "deterioration of surface caused by the
sudden formatton and collapse of bubbles in a ligmd". In some instances cathodic
protection has been successful jo reducing or preventing cavilation damage. Cavilation
damage usually involves physical as well as electrochemical processes, so it canoot elways
be prevented by this means. In some cases inhibitors have been used successfully to limit

cavilation corrosion as in the water side ol diesel engine cylinder livers.

2.6.6 Impingement

Impingement atiack is a "First cousin” 1o cavitation damage and has been defined as
" "localized eroston - corrosion caused by turbulence or impinging flow". Entrained air
bubbles tend to accelerate this action as suspended solution, This type of corrosion ocgurs

in pumps, values, orifices or heat exchanger tubes and at elbows and tees in pipelines,

Prevention of impingement aftack is the use of more resistant alloys,
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2.6,7 Fretting corrosion

The rapid localized corrosion that occurs on closely fitling surfaces in contact under load
and subject to smali amphtude slip (i.e chafing or vibratory motion) is termed "fretting

corrosion”,

Fretting corroston takes the form of local surface discolorations and deep pils. These occur
in regions where slight refative movements have occurred between mating highly loaded

surfaces. The pits sometimes provide stress raisers for the initiation of corrosion fatigue.

Fretling corrosion can be prevented by eliminating the slipping movement between two
surfaces. To prevent the relative motion load can be increased. Lubrication of the

contacting surlaces also can be adopted to prevent such corrosion.

2.6.8 Intergranutar corrosion

Intergranular corrosion 1s a form of localized surface attack in which a paow path is
corroded out preferentiatly along the grain boundaries of a metal. It initiates on the surface

and proceeds by local cefl action in the immediate vicinity of a grain boundary.

The drviny force is a difierence m corrosion potential that develops between a thin prain
boundary zene and the bulk of the immediately adjacent grains. The difference in potential
may be caused by the difference in chemical composition between the two grains. This can
develop as a result of migration of impurity or zlloying elements in an alloy te the grain

boundary.

Intergranular cofrosion cause significant loss of ultimate tensile stress of metal 1t is

prevented by ensubng a melal inicrostructure which 15 finmune to this type of atlack.
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2.6.9 Transgranular corrosion

Transgranular corrosion is a form of localized subsurface attack in which a narrow path is
corroded at random across the grain structure of a metal disregarding grain boundary. Thus
"cracks” appear Lo develop across grains wilhout any apparent effect on Lhe crack direction
by the presence of ihe grain boundary. It initiates on the surface and proceeds inward,
presumably by local celt action. Corrosion fatigue occurs most commonly by (ransgranular

clacking, Transgranuiar attack is avoided by the use of suitable non-susceptible allays.

1.7 Factors Alfecting Corrosion

Different factors such as metallurgical, mechamcal, aqueous environment, afmosphere,

soil, biotogical, stray current etc affects corrosion,

2.7.1 Meiallurgical factors

Crystals and grains: Nearly all metals and alloys exhibit a crystalline structure, Crystals

have the unique condition in which atoms are automarically and uniformly arranged in alt
three dimenstons, Crystalline nature of metals is difficult to undersiand because Lhe usual
concept of a crystal {s a geometrically shaped object. Normally metal grains are so small

that they can only be observed well under a microscope.

Metals are frequenily plastically deformed in fabricating. In high defonmed mels, the
grains are deformed and the grain structure is completely disrupted. Normally in this

condition the material s somewhat more reactive in clectrochemical enviromment.

Crystal imperfections and defects: In reality therc are variations in the crystal structyre,

These are not perfect three dimensional array caused by crystalline defects. These defect
may have vacancies caused by the absence of atoms in the crystal, impurity aloms of
different sizes, interstitial atoms etc. Each of the imperfeciions can produce highly
localized differances in elecirochemical behavior of metat,
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Purc metals and alloys: Metals listed as pure or commercially pure, actually contain a

variety of impunities and imperfections. These impurities and imperfections are inherent
causes of corrosion in an aggressive environment. High purity metal can be produced by a
speciat technique called zone refining and purity of 99.99999 percent is possible. Such

material exhubit corrosion resistance mnch betier than 99 to 99.9 parcent pure metals.

Phases in alloys: When an alloying element 15 added to a base meial it is possible that the

crystal structure will remain essentally stable and produce a simple solid soluiton. When
one metal dissolves in another without a change of crystal structure, the result is termed as

solid solution or a single "phase”.

It is impossiblc to dissolve a large amount of one metal imto another. When this occurs in
an alloy, 1t results in the formation of one or more phases depending on the number and
type of components in the alloy. For example the plain carbon steel is a mixture of
mterstitial solid solution of carbon in bedy centered cubic iron {femite) and an inter-

metallic compound called Cementite, {Feq C).

Muliiphase matcrials present a problem from Lhe conosion point of view because the two

phases have wide differences in electrochemical characteristics,

Corresion prevention by application _of metallurgical principles: By applying

metallurgical pnnciples it is possible 10 reduce corrosion. The commonly used principles

areg’

(D) Selection of high purity material.
(11)  Selection of alloy additions.

(i}  Surface coatings.

{iv) Knowledge of the metallurgical history of the material ctc,
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Stress corrosion eracking: A combination of tensile stresses and a corrosive environment

is one of the most important causes of faflures of metal struclures. When stress exceeds the

yield strength of the metal, crack may oripinate Table-2.3 shows the cnvironment

producing stress corrosion cracking in various alloy systems. The table is found in the
traiing manual prepared by the Direclorate of Conlinuing Education (DCE), BUET

(20023,

Table-2.3: Corroding conditions

Aloy system Environments

Aluminum altovs Chlorides, Humid industrial atmosphere,
Marine atmosphere atc,

Copper alloys | Ammonium on

Brasses ete Ainines

Wickel alloys Hot concentrated hydroxides

! Low carpon steel
]
;

Boiling concentrated hydroxides,
Boiling concentratcd nitrites.

(il coumry steels

Hydrogen sulfide and carbon dioxide

High strength low alloy steel

E Chlorides

;il Stinless steel

|
Doiling chlondes

Austenitic steels (300 senes)

Boiling concentrated hydroxides

Femntic and martensitic steeis {400 scries)

Chlorides, Reacior cooling water ete.

| Titaniwn alloys

Clilondes, methyl alcohol, solid chiorides
at temperatures above 550°F.
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Method of preventing stress corrosion cracking: Corrosion stress cracking can be

reduced by removing residual stresses present in the material from fabricating process.

This stresses can be removed by annealing the structure

I {ensilc stresses can not be avoided environment can be modified to reduce corrosion
stress cracking. The maintenance of oxygen and chloride levels of water to paris per billion
in close stinless steel heat exchanger systems operating at high temperaturcs is one of

these,

Corrosion Fatigue: When a matenal is under mpeated mechanical siress in corrosion

envirenment then 1t 15 called corrosion fatigue. Cormrosion fatigue 1s e common cause of un-
expecled cracking of vibrating metal structures So structures are designed o operate
safely in air at stress below the fatigue limit,

Corrosion fatioue prevention:

{1) For mild steel through de-acration of the saline solution restores normal

fatigue limmt 1n air,

(ir)  Cathodic protcction to -0.49 wilh respect to standard hydrogen clectrode {5.H.E)

poteniial also mestores normal Ftigue hmit in air,

{(ill)  Sacnficial coalings {e.g. zinc or cadmium electro-deposiled on steel) are effective
because they cathodically protect base metal even at defects in coatings.

2,7.3 Corrosion i aqueous environment

Water is conoesive to metals when il carries dissolved gases (Iike O, Co; and So;). Water
wilh o dissolved gases can not cause corrosion to metals up to boiting point of water, he

corroston behavior of iron in aqueous envimnment is discussed below:
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Anodic reactlions:

3 Fe+%()2(aq]+2h’1{) = Fe(OH )+ H* +¢

2. Fe=fFe™ +2
3. Fe+CO, = FeCO, + 2
4. Fe+20H™ = Fe(OH ), +2¢

Cathodic reactions:

5. Fe(OH ), = Fe™ + %Uz(agﬁ%ffzmze-

6. Fe(OH ) +3CI™ = Fe*™ + 3HOC +5¢”

7. Hy=2H"+2¢

I
8. CaCO, +OH™ =Ca ™ +20;(ag) + HCO, +2¢°

8 H,O= ]Ef?j (ag)+ 2H " +2¢”

10, H,O0+CI" =HOCI+ H™ +2¢

It 15 evident from above anodic and cathodic reaclion is that absence of oxypen or any
other oxidizing agent such as chlonne, mitrite and dichromate, a number of reactions may

lakc place in Lhe anode but only onc reachion may take place at the cathod. The various

factors controliing the comosion of iron in water are discnssed below:

Effect of dissolved oxygen: In necarly neutral water of ordinary temperature dissolve

oxygen causes appreciable corrosion (100 mdd). This rate decreases over the period as the
won oxide {rust) film is formed and acls as basics to oxygen dilfusion and the steady slate
corrosion rate may be 10 lo 25 mdd. When corrosion is controlled by diffusion of oxygen,

the corrosion rate at a given oxygen concentration doubles for every 30°c. As the
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concentration of oxygen increases it is found that beyond critical concemration corrosion

rate drops to a low value.

Effect of dissolved salt: Comosion male of iron increases with increase of Mach

concentration. Afier achieving a meximum, the rate then decreases with increase of Nacl
concenitation. Oxygen sotubility in watcr deercases continuously with sodium chlonde

concentration; thus rate of corrosion decreases,

Effect of P : Normally when P vatue is less than 4, oxide film is dissolved and iron

surface is more or less in direct conlact with the aqueous environment increasing cormosion
rate. Again when P* value is more than 10 iron becomes more passive in presence of
alkahne and dissolve oxygen, as a result corrosion decreascs. The corrosion raetc remain

unchanged when P valuc between 4 1o 10.

Eflect of velocity: With Lhe increase of velocity, mitially corrosion rate increases becanse

more oxygen comes 1o the surface. Bul as the velocily increases enough oxygen zeach to
the surface tp canse passivity and then the rale may decrease. In Presence of chloride tons
in water like sea water, passivily is not established and corrosion tate increases with

velocity,

2.7.4 Atmosphere and soil enrrosion
Moisture content of air, dust content and gaseous impurities aflect corrosion of a metal.

Cypes of atmespheres: Almospheres vary considerably with the presence of moisture,
temperature and conlaminants. Thus rate of corrosion vary. Wear the sea present of sea salt,

near industrial area presence of Sey, H,Su,,H.8,NH,, Ne, have direct inllnence on

corrosion of metal,
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Thus corrosion rate of metal varies markedly from placc to place and thus divide
gmosphere nto types. Corrosion contaminants form cormosion-product films and

accclerale Corrosion.

Corrosien - product films: Somctimes corrosion Him (rust) accelerates rate of corrosion.

For example sulfunc acid absorbed by rust will continue to accelerate corrosion, 1t can be

expressed by the following cxampie;

H Se, + 1 O 1 O, + ; H,80,

...
Fom 2 ° — FeS0s 4 — 3 Fea(Sthih -—-ﬂf—f—-}—é— Fe:Ds+ %H 250

Thus rust conlaminants accelerale cormosion.

2.7.4.1 Factors influeneing corroesivity of the atmosphere

The factors which mostly influence the corrosivity of the almosphere are dust content,

gases in the almosphere and moisture (criticat humidity).

Dust Content: Criy atmosphere contains dust ranging from 2 mg/m” 10 100 mg/m’. Dust
free air is less Liable to cause corrosion than air heavily linhle with dust. Paricularly if the
dust consists of water seluble pariicles on which H:Soy 15 absorbed. 1'his was shown by the

cxperiment of Yemon.

Gascs in atmosphere: The most important cormosion constituent of indusinal atmospheres

is sutfur dioxide which originates mainly from buming of coal, oil snd gasoline

: Vemon discovered first that a crilical relative humidity

exists below which corrosion is negligible Typical corrosion behavior of 1ron is 2 funchion

of relative humidity.
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2.7.4.2 Facrors aflecting the corrosivity of soils:
Corrosion of sotl depends upon:

{1} Porosity

(il) Electrical conductivity or resistivity

(1} Dissolved salts

{1v) Maoisture.

(v) Acidity or atkalinty.

A porous soil may retain moisture over a period ol time or may aliow optimum aerabon
and both factors tend to increase the inttial corrosion rate. Corrosion products formed in an
aerated soil may be more protective than those formed in an unaeraled soul. If soils are not
acrated corrosion takes (he form of deep pitting, Such type of localized corrosion is more
damaging to ptpelines than a high uniform corrosion rate. On the other hand poorly acrated

soil may comain sulfate reducing bacteria. These may produce high corrosion rates.

A soil containiog organic acids is relatively more comrosive to slegl, zine, lead and copper.
A soll of poor conductivity that 15 of lgh resistivity is less porrosive than a bighly
conducting soil. But conduclivity or resistivity is not the only index of corrosion, Anodic
and cathodic polarization characteristic of e soil are also a factor. When cinders present in
soil it becomes more corrosive. Corrosion rate of sieel and zine are found about 5 fimes if

they are kept four (o five vears in cinders.

Remedial measures for corrosion in soil:

(1) Orgame and inorganic coalings.
(i)  Melallic coatings

{in)  Alteration of sol

(v}  Cathodic protection.

b
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2.7.5 Biologieal corrosion

This is the corrosion due to living organisms such as bactena, algae and bamacles. There
orpanisms hve and reproduce in soils and at 0-11 PH, 30°-180°F temperature and over
burden pressure of 15,000 Ibfin’. Thus biological aclivily affects corrosion in a variety of
environments like soil, natursl waler, sca watcr and petroleum prodncts etc. These

orpanisms a[lect corrosion as follows:

{0 By influencing anodic and cathodie reactions.
(i) By wnfluencing protective surface films.

(iiiy By creating cotrostve conditions.

{iv) By producing depostts.

2.7.6 Microerganisms
Two bypes of microorganisms are found:
{1} Aerobic bacteria which requires dissolved oxygen to grow, and

(11)  Anaerobic bacteria which requires litile or no oxygen.

Anaerobic bacteria influence corrosion behavior of buried steel structures are the solfate
reducing types (Desulfuricans). These converts sulfate to sulfide according to the following

reaclion;

SO +4H, = ST+ 4H 0

Here H; may come from corrosion reaction or from any organic substance present in the
soil, Sulfide tends to tetard calhodic reachoms, particularly hydrogen evolution and

accelerale anodic dissolution that is corrosion.



28

Prevention of Microbiplomical corrosion:

(i) Coating the buried situcture with asphalt, enamel, plastic lape or concrete.

(1)  Cathodic prolection is effective when used with coatings.

{nt) To aller the environment.

2.7.7 Stray current corrosion

Electrical currents leaving Lheir inlended path and passing through soil, water or other
electrolyle will follow any high conductivity metallic paths available. They corrode the
metal where leave it and retum to the electrolyte. This corrosion is siray current corrosion,
sometimes called "electrolysis”. It is basically independent of Oy and P The damage is
done because the current leaves the metal as M'™ 10ns and retumn to the soil. Sty currents
ar¢ usually termed as "interference”. Alternating currents cause much less damage for sicel

than direct current (1% owly).

Figure-2.1 shows comoston of a steel tank due to stray currents, The best way of
preventing stray current corrosion is to elminaie the cumrent at 1ts source (if possible).
Good electrical connections, good insulalion and proper prounding are essemtial for

preventing stray curent corrosion
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Figurc-2.1:Cormrosion causcd by stray current.



CHAPTER 1T

METHODOLOGY AND DESIGN CONSIDERATIONS

Natural gas transmission and distobution pipelines are laid below the pround surface.
These pipehnes are susceptible to corrosion by various subsoil environments. To control
corrosion cathodic protection system along with swtable coatings are usual method.
Cathodic Protection {CP) converts all anodic areas on a metal to caihods so that corrosion
ceases. The prolected metal has positive currcnt flowing onto it from the elecirolyie so that

no curteni flows off. This result can be achieved in two different ways:

'(a) By connccting sacrificial anode to the metal that is to be protected.

(b} By applying an electric current [rom a separate power source, a technique called

impressed current cattodic prolection.

Greneral considerations of Cathodic Protection _on costed lines: A number of faciors

are ta be considered in designing corrusion protection of pipeiings by Cathodic Protection
method. Consideration differs to some extent depending on the choice of method. But a
number of factors ere common for both methods. The factors are discussed in Lhe

following sections:

2.1 Soil Resistivity

Resistivity of soil 1s the resislance of a cnbe of soil of one cenhmeler in dimension.

Resistivity of a rectangular solid given by,

Wowl
p=[ x ] 3.1
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Where,
p = resistivity, chm - cm
I = resistance of soil, ohm

W, D and |. are dmensions in ¢im,

Equaton (3.1 can be written as p = constaitxR,
Or, p= 214kl
Where,

a = spacing of clectrede of Wennetr's fowr terminal soil tesistvily measuring

mmstrwinent, Constant 2xa becomes 1000 when a = 5' - 2% "

Hefore designing a cathodic protection systern, it is very important o conduct sl

resistivity survey, The commonly used procedures for resistivity survey are as {ojlows:

€3] Resistivity recording should be taken ai least cvery 400 4.

(i) Intermediate readmyps shouwld be (aken where wisible chanpes in soil

chargcteristics are observed
(i) Two successive reading should not differ by a ratio grater than 2.1
{1v} ™o two readings should be 1aken as close as 25'-0™

(v}  When a rcading is greater than 20,000 ohm-cm, the next reading differ by a
ratia of 2:1 is nol & problem.

Table-3.1 shows retation of soil resistivity to corrusion rate of steel in soils based on 12
vears tests and the wble is given by M. Romanofl, Nationai Burean of Standards, USA
and published in Parker (1954),



Tabte - 3.1: Corrosion of steel in soil.
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Soil type Corrosion rate Type Soil ['EHIStI‘:l'ty’
(mpy) (ohm-cm)
Average of 44 soils 61 Moderately cormsive 1600 1o 2000
Tidal marsh 100 corfosive 500 o 1000
Cabtorma clay l 137 very Cormosive Below 500
T
Sandy loam {New 21 Mildly corrosive 2000-10,000
England}
Desert sand 3 Progressively loss Abeove 10,000
COITOS Ve

3.2 Pipe to Soil Patential as a Criterion

Alier mslallation of cathodic protection system, the efficiency of the system is checked by

measuring pipe Lo soil patential (PSP) at various point along the stracture. If the PSP value
found above the threshold of 0.85 volt negative referred to standard Copper-Copper sulfate

electrode, the structure is fully protectled. It is & universally accepted criterion. It is general

practice that electrode to be placed in the soil Immediately over the line. Figure-3.1 shows

a typtcal Copper-Copper sulfate reference electrode.
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Figure-3.1: Typical Copper-Copper sulfate relerence electrode.
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Other reference elecirodes such as the saturated Calomel, Sitver - Sitver chloride and pure

zinc are available for potential lesting. These electrodes can be used by adding or

subtracting to the potential readings oblained to covert poientials to a Copper-Coppor

sulfate reference electrode. Table-3.2 shows the conversion faclors given by Peabody, AW

(1973).

Table-3.2: Comparison of other reference clectrode potentials with that of the Copper-

Copper suifale reference clectrode at 25°C,

Type of reference electrode

Pipe to reference electrode
reading equivalent to- 0 85
volt with respect to Copper-

Copper sulfate reference

To correct pipe to
reference electrode
reading to equivalent
readings with respect to !

eleetrode, Copper-Copper sulfate |
reference electrode,
i
Calome! {saturated) -0.776 volt Add - 0.074 volt
Silver - Silver chioride -0.822 volt Add - 0.028 volt
(0.1N KCl solution}
|
Silver - Silver chloride | -0.78 volt Add - 0.07 volt
(Silver screen with deposited
Sitver chlonide)}
i Pure Zinc +0.25 voit Add -1.10 volt

(Special High Oxide)

Note. Based on zinc having an opeu circuit potential - 1.10 volt with respect to Copper -

Copper sulfate reference electrode.



35

3.3 Coating Effcet

it has become common practice o combine cathodic protection with prolective PVC
coatings. Conted pipeline can be protecied for long life at minimum power costs. For this
type current distribntion 15 more uniform and current flows to flaws in the coating and thus
current requirement 1s greatly reduce. Generally the cost of cathodic protection of coated
pipelines is about 10% of the cost of prolesting bare metal. Neither coating nor current can
protect & structure alone, So coating is important.

3.4 Current Requirement

The amount of protection current required depends upon corrosivily and it can vary
considerably. A well coated pipeline wath high resistivity soil may need ooly 0.5mA/ft: on
the other hand a bare pipeline in low resistivity soil may need 2mA/R*. Field survey is

important for determining curtent requiremenl precisely.

3.4.1 Current requirement sarvey
There are two approachcs:

(1} Complete protection of the linc with temporary instailation. This may vary widely
to get a satisfactory combination. For most of the cases this method is complicated

and generally 15 not wsed.

(i) Determination of electrical characteristics of the line. This method is theoretically

possible and an amount of mal and error procedure 1s required,

3.4.2 Fiel procedure of current requirement test

Current 1s drained from the line to a temporary ground bed and its effect 1s determined at 2
great distance. The end result provides specification of drainage umiis and specified
quantities of current, A welding machine or storage batleries in series are used as current

source Tor curtent requirement tests, The folowing steps are aken:



(i)

(i)

{fii}

iv)

(v)
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Static potential: Pipeline to soil potertial is measured over the entire line, special
care is given to oad, river and bridge crossings. For pood coating, readings can be
laken at several miles but for poor coating it can be within few hundred feet, This is

the natural potenual of the structure in soil.

Polarization potential: A suitable location where rectifier appearts to be inslalled,

a temporary draipage point (anode bed) is established and a steady current is
drained for a pertod from one to three hours Pipe to soil potential 15 then measured
of a nearby point during this interval. Yalue of current to be used should be large
enough Lo cover a long portion of line. PSP near the drain point should not exceed 3

volis,

Potential survey: A current interrupter is uscd 1o measure "on" and "ofl™ potential
at various points cover the entire hne. By the interrupter current is kept on for 40
seconds and kept off for 20 seconds. "On" and "off" potentials are measured at

different point just before interruption and just after terruption.

Survey of ling eurrent: Line currents arc measured oo each side of the drainepe

pont and at remote localion at each direction. Like the potential values these

should consists of "on" - "off" pair,

New drainage points: New dramnage points should be chosen if the current source

1s not large enough to cover the whole line and sufficient dala are not found for use.

"Then the process 1s repeated



37

3.4.3 Graphical representation of current survey data
After conducting line current survey data are represented in the form of a set of curves:

(i) Logitudinal distribution curves: Static potential, ‘on' potentials and 'ofl polentials

at diffcrent poims along pipelines are plotted against distance from dmin paint.

(i)  Attenuation curves: Polarization potential (difference between 'ofl" potentiafl and

stalic potential} and driving vollage (difference between ‘ou' polential and ‘off
potential) are plotted against distance from drain point,

(i1}  Polarization chart: This is a fonciional relationship between polanzation potential

and driving voliage. It is plotted on log-log paper.

Current survey data arc represented by the curves given in Figure-3.2, Figure-3.3 and

Figure-3.4,
1400
1200 4— |
1000 4]
—ap— Static
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Fipure-3.2: Typical longitudimal distribution curves
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3.5 Saerificial Anode Method

The corrosion control worker should keep informed of the latest catalop information on
different alloys available of the various galvanic anode metals. The manufacturer offer

many sizes and shapes of anode.

Anode (Al, Mg or Zn} is buried in soil and conngcled with pipeline is this method, thus a
pabvanic cell eslablishes between mipehine {cathod) and anode. In this case the anode will
corrode while ihe steel pipe to which it is attached will Lend to be cathodic and free from

corrosiom, Commonly used materials as anode are described below

3.5.1 Magnesium anodes

Magnesium anodes are used to a preater extent than zine for earth-burial installations on
pipelines and other underground melalhic structures. This is because the galvanic cell
driving potential 1s higher permitting praclical amounts of cathodic prolection current in
higher resistivity soils. Table-3.3 extracted from Appalachian underground corrosion shor
course (1986) shows Lhe compositon of different grade of magnesium agode.

Table-3.3: Common alloy specifications — inagnesium

CGralvomag Grade I Grade II Grade {1I
Element
Al 1 0.0]10% max 5010 7.0% 5310 6.7% 53t06.7%
Mn 0.50 to 1.30% (.15% min 0.15% min 0.15% min
Zn 0 20 to 4.0% 25t03.5% 25t03.5%
Si 0 ¢.30% max 0.30% max 0.10% max
Cu 0.02% max 0, 1% max . 1% max 0.2% max
Ni 0.001% max (0. 003% max 0.003% max . 002% max
Ye 3.03% max 0.03% max 0.03% max (1.03% max
Other 0.05% each or 0.03% max 0.03% max 0.03% mnx

0.03% max total
Mammesium Remainder Remainder Remainder Remainder
solution -1.80v -1.55v -1.55v -1.55v
potential
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‘There are many different sizes and shapes of mapnesium poodes available from
manufacturers. The comosion worker should obtain up-to-date catalops so that correct
information will be available to permit matching the optmum anode weight and shape
to specific design needs.

Probably the most popnlar magnesium anode for general use is the 17-pound anods
packaged in special chereal backfitl, Most of the magnesium weighis and shapes can
be oblained eilher bare or packaged in special backlill. Approximately similar weights
of magnesium may be available in shom chunky shapes or in long slender shapes. There
15 a reason for this. The resistance to earth of & gatvanic anode determines the current
onipat at the fixed pabvamic anode cell potential. A long slender anode has a lower
resistancs to eanth i & given earth resistivity than does a short chunky anode. This
means that long slender anodes can be the better chowce in the higher earth resistivities.

Although ¢ither zinc or mapnesium instaflations may be designed for use in any earth
resisliviry, various consideratons lend to dictate Lhat zinc anodes have their best usage
i low resistivity earths wilk lesser advantage as the resistivity increases up to a mle-of-
thnmb noximum (which may be exceeded m spoctal cases} of about 1,500 ohme-cm.
Allowing for some range overlap, a guide for mapnesium usage could be berween
1,000 and 5,000 ¢hm-cm. A pain, boh limits can be exceeded where design conditions

Wwarrant

3.5.2 Zinc anades
Zinc angdes can be oblained in many different weiphts and shapes. Some may be
obiained packaged m special backfill. Again, (he comosion worker should ohtrin the

iatest caalog information ou currently available zine anodes,

Zinc anedes work best in very low resistivity environments such as sea water, salt
marshes, and similar low resistivity matenal. In such envirenments, short chunky zing
anades wotk best. As the resistivity pets higher, he long stender anodes would be
preferred. Tlus could, for cxample, be m the general ange of 750 to 1500 chin<m
resistivity. Table-3.4 extractedlrain Appalachian underyground corrosion shart course

{1986) and shows Zinc alloy specification for scawater and undergroond use.
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Tabie-3.4: Comymon alloy specification-zime

Zing (Mil-A 18041) Zinc (ASTM B418-67 Typell)
i Scawater Lise Underground
Elcment Percent Element Percent
Aluminiam | 0.1-0.3 Special high | 99.99%Pure
erade zine

Cadimium 0.025-0.00

Irun 0.005 max

Special high | Balance part

grade zing
Solution ! 1.10v Solutian 1.10v
Potential ! Polcntial

3.5.3 Aluminum anodes

Although investigated extensively in the past, thete is nol, currently, a type of chemical
backfl! that is in common usage to permil the practical and economical 1nstallation of
aluminum anodes in earth bunal applications. They do not work weil when directly

buned in the wsual carth covironments.

Proprictary aluminum alloy anodes are availabie which work very well in a sea water
environment Cathodic protection current from anodes so locared but connected to
buried pipelines or other underground stroctures can protect such structures effectively.
Table-3.5 extacted from Appalachian underground carrosion short course (1986)
shows dilTerent types of aluminum alloy specification.
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Table-3.5; Convnon alloy specification-Aluminum

, Scawater
Floment Seawater Saling Mud Brackish
(ralvolum-| Galvolum 11 Saline Mud
; Galvolum 111
Zine | 0.35%-050% | 3.5% - 5.0% | 3.0%
Sibicon | 0.10% Maximim | -- | 0.1%
Mercury 0.035%-0.048% | 0.035%-0.048% -
Indium - -- --
Alwntnum Remamder Remainder Remainder
Solnen 110v 110y 1.10v

3.6 Comparison between Magnesinm Anode and Zinc Anode

Generally two types of anode are used. These are mapnesiwn and zinc. Among these

two types which one should be vsed i3 & vital consideraiion.

3.6.1 Characteristics of magnesium anode
{i) Current inay be distributed more readily than rectifier by magesium anode.

(i)  Less amouar of current is rcquired for magnesium anode than the case of
recufier. But recti et current costs less.

{(iiiy Wot economical souwrce of cwrent for high resisuvity. Use is limited for
resistivity up to 3000 ghm - cm,

(iv)  Potennal between zinc and steet is much lower than thal magnesium and stecl.
So considering other things being coqual, magnesium provides better corrosion

resistance than anc,

fv)y  As mammesiwn distrthules currents more teadily, it comodes fast. Therefore
mapnesium can not be used {or a destgn life more than 10 year, Switable for

existing system redesign.

{vi}  Cost of magnesivm anode is relatively lgh.
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3.6,2 Characteristics of zinc anode

(i)

(if}

(iii)

{1v)

(v}

Calvanic potential betwesn zinc and steel is much lower than that of mapnesium

and steel. Therefors cument output is low,

Works best lor soil resistivityis 750-1500 chu-cm.Can nol be used when soil

resistivity is over 1500 chm-cm.

Decanse of low current outpur the cificiency zine does oot ll sharply. I is
therefore possible to install Zinc for projected life 20, 3¢ ar 40 years. Therefore
gas disinbution system in congested city area where access is difficult, use of
zinc mmode 15 preferable.

Current output of zing anodes vary over a wide range and is adjusied with the
chanpe of sotl resisiivily by tidal water, Maynesium can do this adjnstment with
higher potential and requires much curreni.

Cost of zing anode 13 less than magnesinm anode.

1.7 Galvanic Anode Instailation

Galvanic anodes are commercially available bare or with surrounding package of

special chemical backhll. Magnesivm and zine anode are available as 8 1b, 12, b, 17 1b,

321b size packaged. Longer packaged anodes are inslalled in auger hole. Anodes may
be 1ustalled in smgle or a series of anodes are attached with & header cabie. If packawred
anode 18 not used, separute chemicat backfitl must be nsed. Chemrieal backAl provides

best performance for long time.

Typical chemical backfills are:

l.
2.

A Wlixmre of gypsum (75%), Bentonite clay (20%) and sodium sulphate (5%).

A mixmre of Bertonite clay (50%) and plaster of pans (50%%).

The size, spacing and number of 2node to be installed ave resnlt of design and depend

upem a number of faciors such as sail resistryvity, length and diameter of the pipelines to

be pratected, design life, coating condition, specilication of anade erc.
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3.8 Design Considerations for Sacrificial Annde Method

In excess to Uie general cousiderations of cathodic protection system design, sacrifcial
methed needs consider the following facters:

{1 Selection ol anode
(1)) Installation procedurc,

(i) Cwmrent output, efficicncy and utilization faclor of the anode.

Magnesium anodes are usually the first choice. Bul zine anode costs less. Again
econoiny can be achieved by using magnesium anode by the application of flexibility
which makes 1t possible to distribue 1he current where it needed. A Survey of line
current requirement and soil resistivity survey data is necessary for such economic

desipn,

3.8.1 Design guidelines

Most of the me, cathodic prolection systems arc not designed by perfarming cwrent
and conductivity sucvey, It is tather designed on the basis of some assumptions,
empirical values, rules of thumb, data tablg and design curves. All these are developed
from praciical experiences. Soil resistivity, coaring condition, curren! requirement and
characteristics of anodc arc sirongly considered for developing these standards. Most of
(he cases the system designed using these guidelines satisfy universally accepted
critcria pipe to soif potential {PSP) with respecl to Cu-CuSO4 refercnce electrode -0.85
Velt. Most comnonly used guidelines are described below:
{a} Some kind of prelimunary estimale is about 2 milliamperes per square oot of
equivalent bare steel metal will be required for complere protection. This varies

a5 follows:
{i) For well coated pipe in high resistivity soil : 0.5 mA/fY

{11} For berc pipe in low resistivity soil 2 mAMR°

{In A tule of thumb used for protecting bare steel in sofl using standard alloy
enodes. ‘When a single anode 15 not sufficient, two or three anodes can be used.
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Table-3.6 15 given by Parker (1954} and shows required anode number and anode

spacing Tor dilferent soil resistivity and pipe diameters This table is based on bare pipe.

For optintun design a cemain percentape of coating defect is considered.

Table-3.6: Design guideline fir bare sieel in soil.

Soil ﬁnc&dcsﬁI Current Life ﬂnllm‘éc_:siry Spacing m foet
resistivity {milliampere) ; (years) {{milhamperc "
{Ohm-c1} per sq.ft.) prpe size

2" 3" 4"
360 3-508 840 10.3 2 475 | 456 | 354
380 2-508 569 10,1 2 457 | 310 | 240
4010} 541 106 2 435 § 295 : 228
420 516 112 2 415 | 281 | 218
440 453 117 2 396 | 268 | 208
460 472 122 1 2 379 4 238 | 199
4380 453 127 2 34 | 247 | 192
500 435 i3.2 2 350 | 237 | 184
320 419 137 2 336§ 2281 177
340 404 4.3 2 324 | 220 | 7O
560 1-50% 285 181 2 229 1553 | 110
580 275 0.5 | 2 221 V150 ¢ 116
Ho0 206 10,8 2 214 145 | 112
620 258 ! 2 207 141 | 109
640 251 i3 2 201 136 | 105
B0 243 1.8 2 195 132 | 102
680 234 122 2 89 128 | 99




Table- 3.6 : (Conlinued) Design guideline [or bare steel in soil.
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f Anodes

Soil Current Life Dengity Spacing in feet pipe
resistivity milliampere | years | milliampere size

per 5q. ft. o - e
700 229 12.6 2 184 | 125 97
720 223 12.9 2 179 122 94
740 217 13.2 2 174 118 02
760 211 13.6 2 169 | 115 89
780 1-328 1 B6 10.0 2 148 o8 78
800 180 10.2 2 t44 95 76
820 176 10.5 2 141 93 74
840 172 10.8 2 138 91 73
860 168 11.0 2 135 B9 71
880 164 11.3 2 132 87 69
200 161 11.5 2 129 85 68
920 158 11.8 2 127 83 a7
041) 154 12.0 2 124 &1 635
960 151 12,3 2 121 g0 G4
QR0 148 12.5 2 119 78 63
1000 145 12.8 2 116 76 61
1200 121 15.3 2 97 64 51
1400 104 17.8 2 83 W 44




Table- 3.6 : {Continued} Design guideline for bare steel in soil.
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Soit ! Anodes

|
f

Current Life Drensity Spacing m feet pipe
TCSISIiVILY mitliampere | years | milliampere slze

per sq.11. o . 4
1400 104 17.8 2 83 55 44
1600 01 10.7 P 73 43 3B
1800 1-175 81 121 2 65 43 34
2000 1-17H 91 10.8 2 73 49 38
2200 82 11.9 2 66 45 35
24040 1-325 76 12.9 2 61 41 32
2600 70 14.0 2 56 38 E1H
2800 G5 15.1 2 52 a5 27
3000 1-17LH 93 10.5 2 75 5l 40
3200 88 11.2 2 71 48 37
3400 B3 11.8 2 60 45 35
3600 8 12.5 2 63 42 33
38060 74 13.2 2 &0 4{) 31
4000 70 13.9 2 57 38 a0
42460 &7 14.6 2 54 36 238
4400 B 153 2 51 35 27
4600 61l 16.3 2 49 33 26
4800 59 16.7 2 47 32 24
5000 56 i7.4 2 45 30 24
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Note' 3-308: 3 numbers 5 pound size Standard alloy. 1-17H: 1 vumber 17 pound siee
High standard alloy, and so on.

(c) Rules of thumb which arc followed by Tilag Gas Transmission and Distribubion

Co. Ltd. for protecting coated lings. The most commonly used rules of thumb
are given i Table-3.7

Tablc - 3.7: Length of pipelines that can he protected by Magnesium anode.

Sail resigviry, Pipe size,(inch) Lenpth of pipe that can be protected by
{Ohm-cm} Magnesium anode.( ft)
17 pound size ? 8 pound size
6000-70G00 3!.; 2554 2232
! 2035 1765
' 1408 ; 1180
2 1129 9268
3 761 652
) 4 593 | 508
, 6 405 L s
I 3 il 163
10 249 214
12 210 r -
14 i91 -
16 167 | )
18 149 i
20 134 ll )
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3.8.2 Usage of chart in design

Two types of charts are used for coated pipelines’

{1) A selection of angde munber and spacing of anode can be done using suftable
chart. Fioure-3.5 given by Paker (1954) shows anode resistance for number of
anodes when placed a ceman spacing This chart is developed usmg 17-1b
package magnestum For coated pipelines in a soil of esistivity 1000 ohm-cm. Tt
can be used for other size of anode such as 32 [b. 50 1b etc., differem soil

resistivity and for different locations afler ¢aleulsting multiplyving factor {M.F).

For sonl resistivity:

Muoltiplying Factor, = ?{%ﬁ
For different anode size

fa) For 9-1h anede M F=1.25

(&) For 32-lb anode . MF=09

For location:
fa}  Tor new city area MF=1.5

(b}  Forwld Cily drca ‘M EF=20
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(i)  There is another chart which is used for designing sacrificial anode size and
spacing for protection of coated pipetines. This chart provides number of ancode
required per 1000 feet of pipe for different coating conductivity and pipe wze.
Figure-3.6 shows the chart and it is extructed from Parker (1954).

1 10 100 1000
10 4 - b e e
:_:.j:'::’_ — i ; ﬂ::q{. “"'Hh;-;:i._t
ik Al ;;/,f' TH[f
2L 74l
S B gy A
S - t ;}/ﬁﬁi 1
T i Ll 1 Hi —a— 12 nch Fpe
e o1 L—A-w_-ﬂ 2. jT | —s— 10 lhch Pipe
z e R 2l |—s—8 hich Ppe
o _ E o f
S 001 Z 11 AN
<< — e R £
I =
LU 4|4
0.001 1 ] il il

Coating Conductivity, Micromoh/3q. ft

Figure-3.6: Anode number calculation chart for pipe length and coating conduchvasy.
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It is very easy and quick method of finding number of anodes when costing
conductivity of pipes is known ‘Iable-3.8 given by Peabody, AW (1973) shows the
value of coating conductivity of pipes in soil of different resistivity.

Table-3.8: Coating conductivity of steel pipe for different soil resistivity.

\ steel conductivity micro Coating condition ' Soil resistivity, chm-cm
mhos/sq.fl | {
@-10 Excelient coating High=10000
’ 10-30 Good coating High,2000- 10000
50-250 Good Ceating Low,1060.2000
250-500 Average coating T.ow,500-1000
S00-1000 Pyor coating Low =500

3.9 Impressed Carrent System of Cathedic Protection

This 15 a catlicdic protection system for which an external de power source is required,
with the negarive wire cannected to the protected structure and posilive wire connected
(o the anode lead Figure-3.7 shows the diagram of an impressed current cathodic

protection system far 2 buried pipeline.
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)
AC INPUT—————  geCiFIeR

DC DUTPUT
GROUNT SURFACE

—_— /’/_-
ANODE BED

COATED PIFE

Fignre-3.7: Typical diagram of impressed current cathodic protection system.
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Itmpressed ceirrent system hias ihe i'ulmwir}g features:

{1 Impressed current is versatile. A wide range of vollage seting ellows the

protection current o be adjusied precisely.

(i) Y is effective in high resistance soils, even solid rock wilh resistivity over
100,000 olun-cim.

(i) Atthe time of maintenance, anade bed can be found eastly.

In cxcess to pemeral copsideratians of CP, for impressed currend system the followiag
factors have to take into acgount.

(i) There must be a source of glecmic power.

(i) A high potcntial may develop which can cause siray current comrosion Lo near
by structure,

{iii)  There must be & suilable locanon for anode ground bed and rectifier installation.

{ivy By adjusting cwrent from reciifier over protection is possible. Bui ot may cause
dashonding to coatings.

fv)  Anode bed should be ai least 50 meter away from the pipeline.

3.9.1 System diesipn criteria
For complete protection of the structure the following aitenia are used:

Criteria 1 : Pipe to soil potential everywhere should be at least - 0.830% with
respect to Cuw'CuSy reference electrode. This is the universally accepied

criteria.

Criterian? As il is not always possible to maintain pipg 1o soil potential (P'SP) -
0,85V will respect to Cu/Cuscd reference electrode, a shift of 0.3 volt in
the negative direction when calhodic protection is applied. The 0.3 volt
potential shift criterion i3 based on changing the natral polential ol the
strucnure in the negative direction. The mmwmum potential shifi for steel,
8s recognized in the NACE rscommended practice and federal pinedine
aaliely teemlation issued by the office of pipeline salery is ( 300 walt.
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This criterion can be used together with criterion |. This is an
assumption used in design to tke driving voltage - 0.3 volt Tt is not

wsed In sacnificial anode method.

3.9.2 Anode and anade bed

Anodes of impressed cunent proleciion are nobler than the metal they are designed W
protect, becanse it should be different from sacrificial anode which conodes away at a
disastrous rate. Howgver scrap iton (such as old pipe line, raiiroad mils) is sometimes

used for temporary anode beds evert though it dissclves at ihe rate of 9.1 kg / Ay

Other anodes which are used in impressed currenl system are graphite and duriron(High
siticon iron). (Graphite is not a pood conductor of electricity and therefore corrodes less

Conswnption of graphie end duriron are 0.5 kg/Ay and 0.1 - 0.2 kg/ Ay respectively in
most soil.

Anodes are buried in soils at a distance from 50 m o 50 km Fom the protected
stroctures. The anode bed Iocation should be of low resistance urea. A backdiil of coke
breeze ie, hurd coke is comimonly used around the anodes 1o increase their efleclive

size and ensure pod coniact with the soil

3.93 Rectilier

The dc power supply necessary o force current [rom the anodes 18 a tectificr. The
cathodic protection rectifier consists of two parts (1) an ac siep down transference with
taps thal tike off voltages of diflerent amounts 1o adjust power output and (ii) a rectifier

to change ac to de by means of selenium or silicon plates.

3.10 Desipn of Impressed Current System

The air of cathodic protection for coated line is to obtain PSP value -0.85 volt with
respect to a CwCusoy veference clectrode. Designing an impressed current system

inchudes:
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Detenmination and distribution of the drainage current requirement.
Sizing (he rectifier and (nding the nunber of rectifiers (drwn point) required.
Material selection for ancde bed on the basis of design life and low resistance

Determination of amount of back Atling, i,e, hard coke required.

3.10.1 Rectifier design for coated lines

Rectifier system design wvolves a trial and emor method rather than a straight forward

mathematical solution. Because attcnuatfan curves for current and potential along a line

is somewhat complicated and based on assumptions of uniformuty.

(a)

(b)

The rectifier site s chosen depending upon the fllowing considerations:

{1} Power availability
(i) Low soil resistivity
(it}  Aceessibiliny

{ivy An assumed value of drainage current at {hat point,

The distnbution of current and potential along the ling from the drainage point
is projected. The actual pipe to soil potential at any point can be predicied by

the following expression.

PSP = Sintic potential + Driving vollage + polarization poteatial

Static potemtial is found from survey, Driving voltage s found from attenuation curve

and polarization potential is found from polarization chan.

{c)

From the line current survey i alt data are available frown single drain point then
single drain poinl is chosen otherwise anather must be cliosen. Then attenualion
curve is developed for the second. The expression for PSP 15 obtamed by
superposition; PSP=static potenhat + sum of two driving vollage + polarization

A
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potential for this composie doving voltape. Thus by trail and emor a

combination of drainage points 1 found which protects the entire line.

These procedures are seldom followed 1t an indushy, Ceneral prachee 13 {0 use

readymade curves, assumptions and data table

3.100.2 Rectifier design by psing attenuation curves

Tliis method may be used for initial siang of the rectfier for a planned pipeling, The

steps of this method are as follows:

1

13

Coating conductance, o;

Coustmyg conduciances of steel pipes in diffcrent soil are given in Table-3.8. This

value can be vsed.

The criterion of shifting potentral dilfercnce -0.3 volt in the negative ditechion
for design purpase can be used. This s enough to raisc static potential -0.35 volt
to a CwCuS0, clecwode potential -0.85 volt, enoogh to wmamtain approved

cathodic protection crtenon,

AL at drain point, A B

Jt is good practice to hinut the voltape cliange at the maxtmum point to around
1.5 volls. This 1s to protect dishonding of coating. But for centain circumstances

this vatue may excoed

Al at dram point, Al,:

Thas 15 the value to be detennined Ut can be cafculated from modifed

aftenuation curves for coated lines given in Figure-3.8,

Method of caleulation using modified attemuation curves:

When design data & is assumed in micromhos per square foot, the relationship

Ada or A
ALY Aty

is estimated. Then u is possible to calculate both §s and the

distance it will protect for cither side of a finite pipe hne using Figure-3 & given
by Parker {1954}
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Length of Pipe Section, Thousand Feet
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Figure-3,8: Current requitement calculahion curves (atieruanon curves for coated fintte

line).
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3103 Groumd bed destgn

Yertical angdes: It is necessary to destgn @ ground bed and anode combination fo drain

a cemain amount of current from the line at 4 certam pount. In most cascs a row of
equally spaced verhical anodes are used. It the row of vertical anodes are selected the

terns (o be detennined are the hole diameter and the spacing.

The commion types of vertical anode 15 3"<60"L graphute single ancde. 1t is placed 15 a
cylindrical colunn of well tamped coke breeze backfill. The column of coke is the

actual anode; graplite anode 15 meretly to establish contact.

The resistance to earth of a single anode 15 given by Parker (1954,
R=ﬂ_ﬂll§]og(%} e (3.1

Where,

R=resistance in ohm

p = soil resistivity, ohm-cm

L=lenprth of coke breeze column, feet

d =column diameter, inches,

Cutting L = 4" and d = 10 tnches in equation (3.1}

Then, E. = 0.002
Or, R ==£E; this is a pood rule of thumb approximation for

calculating resistance to carth of a single vertical anode, le,

graphite of 3" G 601 size,

When several anodes connected 1n paratle! ad with equal spacing, tota! resistance of the
group given try Parker (19547,
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R,= i[iiﬂ{EJ+l{l+l+l+ ,..l

Ta[ 24 g §2 3 4 n] -2)

Alfter some algebraic operalion the equation can be expressed,

Sy 35 Py
Ro=0012 Prpop 2200 £2 e (33
PR T (3.3)

Where,

X, = Resistance of n anodes, ahms

P = reststivity 8l a spacing equal (o the depth of the centre of the anode ohm-cm
L= Length of the anode (coke breege column}, {eel

d ~ diameler of the coke brecze colunn, inches

p: = resistivity at a spacing equat to the anods spacing, ohm-cm,

5 = anode spacing, [cet

Ip = cxpression involbving the series of Ractions, with certain constants, Yalue of B, for

dufferent value of o 15 given below:

n 2 3 3 5 & 7 8 Y 10 -
Fn A1 U248 PETELA [LACeRr.) 52 (00023 0024 R erS e 0020l B
n 11 12 13 14 15 14 7 18 13 0
Fn ELY 1 {1 N3 LI 000G HELTH N OES (hiM1150 ECITE 40 §10IM 306

As the number of rod wereases, the resistance of the total bed decreases. Thus voitage
needed for rectifier to discharge the required curment decreases. This voltare may be
taken V=IR+2, Here 2 volt added for galvamc difference between graphite m coke

breeze and pipe in seil. This value may vary.
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Ground bed resistance also can be calculated using chant given Parker, M.E {1954) and

shown in Figure-3.9,

Mumbar of Anodes
i 1 10 100
10 ]t — —i—i- L -
T 1 I.: =~ = 1 - —= -
b _} -4 - — 1
|| 1 111
E | '
= — — _
S & —8— Anode
by j
s | = e e £ el Spacing 10]
T S i o o
[J— b ! . | __ _
% . T AT T |- Anode
x t Spacing 15/
o R +—1
E \|
= 0 —|=== . : < —i— Anode
= T A == Spacing 20/
= 3 T it PR _
= . o — ; ————
{ _— - | .
A N N T
1
00 il

Figure-3.9; Ground bed resistance calculation chart for vertical anode.
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A rectifier can be designed more accurately afier instafling ground bed and pipelines.
Thus by loop battery method loop resistance can be determined. Then voltage
necessary to deliver the desired current through the prourd bed found and according to
that rechifier 1s procured.

Horizontal scrap steel pipe amode: Scrap sieel pipe i3 used as anode when soil

resistivity is high and number of anade needed o achicve economically low resistance
is impossible. Surface area of such anode is high and makes very low current density at
high resistivity soil. Thus cconomically feasible life fomd. Such horizontal anode is
installed laying a shon section of bare pipe Jine. Necessary electrical conncction may
provide by welding two or more siap of melal,

The resistance of an anode of this kind is given by Parker (1954);

R=—“‘}-—{inil—'+l.n£—-2+g£} .......... (.4)
T G R A
Where,

R = taual resistance, ochm

p = soil resistivity, ohm - cm
L = anode length, feet

D = anode diameter, feet

§ = depth (o the cenire, Feet

A backfll of salt and gypsum mixture can reduoce this resistance.
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CHAPTER IV

EXISTING SYSTEM ASSESSMENT

Natural pas is the main sowrce of commercial energy of Bangladesh. Nearly 70% of
country's commercial energy demand is being et by natural zas produced Fom
different pas fields, Presenly 1200 MMSCT natoral gas is produced and distubuted
datly to different areas of the country from ¢ producing fietds. Fouwr natural pas
distribution companies are working under the jurisdiction of Banpladesh oil, gas and
mincral resources corporation (Petrobangla) to supply natural gas to the end users and
collect revenue on behall of the povernment of Bampladesh. These gas distribution
companies have constructed hundreds of kilometers of pipehine for ansportation and
distribution of natural gas. Up to June’2004, the total length of pipelines constructed by
the distribution companies is about 16,452.03 km Size of the pipelmes vary from 3/4"
to 30" is diameter. The oldest pip;:linc of the couniry is a 4" diameter 19 kin pipeline
from Chattak pas field o Chattak cement factory constructed in 1959, TGTDCL
cstablished in the year 1964 and the gas distribution network was built in 1368 The
network of Jalalabad gas and Bakharabad gas are of late 50's (1959) and early 80's
(1985) respectively. The other gas distribution company of the country, namcly the
Paschimanchal gas company Ltd was formed during late 50's (1598).

For uninterrupted supply Lo the customers and minimizing unaccounted for gas, a salc
and leak free pipeline network 1s essential. Most of the pipelines in (he country are
arowing old. Some pipelines are about 30 to 40 years old. Therefare corrosion allack to
these pipslings 15 a cormmon phenomenon. 5o an assessmet reparding present status of
the distribution pipetines is essential for effective corrosion conlrol and monitoring

Sy stem.



4.1 Stalement of the Problem

64

The interruption of gas supply may occur due to several reasons. Apart from natural

aging and deterioration of its section of network, they are often expeniencing damage

gnd injuries to pipelines with loss of gas including localized supply inlerruption.

Natural calamides like Fash floods, land slides and cyclones create tremendous

operational prohlems too Basically ruptures, line breaks, relief blows, purge-outs and

leakages elc. have been causing these supply interruption and resulnng fogitive

emissions. Leskage in house lines and keeping bumers on unnecessarfy are most

common. Table- 4.1 piven by Bakhth (2000} shows emergency cali statistics of major

disiribution companies of Bangladesh.

Table- 4.1: Gas leakage and supply interruplicn report of major distibution companses.

TATDCL{Dhaka} BG5L{Comilia) JOTOCL{Syihet)
DESCRIPTION Jiyse | Augsh | Oct99 | Juned | uly9a | Augoo | Mayss [ June'ss | suiyo
A Customer Mo {On June'98) G57ZI0 175471 AT176
B Call frequency- -
kaxirum Calliday 26 27 18 8 5 13 15 ]
hin Calliday 4 4 2 0 1 Ju] 4 3 2
Average Calls fday 12 32 12.1 F1 177 2 4B 1.13 .81 367 a2
| C.Calls By Types

Laghkaga 312 318 245 3 45 23 187¥ 108 140
Mo GSps 45 34 S8 13 26 11 26 28 18
Lewy Pressure 11 14 15 1) 2 1 13 12 18
Firey Condansate & ohers g 14 11 0 4 { 14 24 16
Total IVB 407 333 o2 7 35 242 170 185 |
£}.Leckage Clawsiflcation.
Pabhwiek 13 16 B 2 3 4] 5 3 4
Senace Line Ptz 306 241 35 i) L 198 183 187
Others 26 B Bd 1] 7 i 3% 4 4
Tatal; 354 361 333 a7 A5 23 247 170 185
E.Cause Of Damage: o
Matursl Damege: 290 i 257 37 45 3 183 irii 184
LIn-natural Damage il 15 22 G 1] 0 a 12 15
Cither Damages: 30 42 54 0 o 0 az M 20

The supply intetruption and emergency call report iflustrates the number of emergency

sexvices (hat are required to provide by the companies everyday. Tt is clear from the
Table-4.1 that most of the complains reporied are abour leakape of the distribution
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mpefme and also the highest nnmber of complains wers reported to TGTDCL.
TGTDCL has the largest distribution cerwork  m the couniry. A major portion of the
pipelines of TGTDCL are more than 30 years ol¢  The design life of dismbution
network is normally 20 yecars. Rchabilitation of (hese pipelnes s mcreasing
sipnificantly. So evaluation of present comosion stalus of these pipelines and
reinforcing cathodic protection system 1o save the mpelines [rom deterioration is
uwnpodant. The improvement of cothodic prolection system may tnerease design life of

the nerwork and can contribute more retum than expectation.

A comparative study about supply mlerruplion reveals (hat the cause of negative
environmental impacls and extent and duration of supply interruption are difTerent
under diffcrent circumstances, This is because the frequency and nature of emerpency
situation at differert conditions and times of the year. The peneral reasoms of line

leakape and supply interruptions are as follows:

() Stray cunment corrosion and ineffective or disrupted cathodic protection systern
leadmg Lo leakage

{ii) Erosion of sub-grade of roads and river bed/banks leave pipelings in suspended
comdition. Then leakapes take place in pipelines due to corrosion fatigue.

Replacements of the sections of network: are required.

{fif}  External calamibies viz. twisting and washing of pipelineg during Aash flood in
pipeline sectons leading to a difficult and time consuming replacement

Operations.

(iv)  Metallic water pipes camying induced curments touching gas ling in the urban
areas resulting into complex cxercisc in identifying the exact location leakage

and taking reinedial aciion.

(¥)  Pipeline that was laid 25 years agoe or carficr and is naturlly corroded

particularly in wrban areas requires rehabilitations.

{vi) Localized interruptions through leakage in service lines and cusiomer

connection manifolds,
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{vii} Mains lying m unfriendly and chemicaily conlaminated environment and with

fast deteriorating conditions.

{viii} Cover erosion and bending stress due to road slope exposure resulting into

cracks and leakages in pipeline sections and fitiings.

(ix)  Underground high tension electric cables touching pas line in the urban areas

calling for replacement of the netwark seclion

4.2 Study Area

The present study area is the natural gas network of Munshinganj district lown which is
& distnbution area of TGTDCL.. Munshigan) town is situated on the south bank of the
river tiver Dhalcswari and on the cast bank of the river Shitalakha. It 15 adjacent to the

Narayangan) district and nearly 20 km, away from metropolitan City of Dhaka

The main mode of transporlaiion fom Dhaka to Munshiganj 15 road. It is also
connceled to Dhakn with watcrways, The highway communication is disrupted at
Mukterpur ferryghat where there is no highway bridge. Figur-4.1 Shows the map of
Bangladesh mdicating the study area  of Munshganj. Munshigan; is located in a very
low Jand area and almost every vear alf parts of the town are flooded aad remains under
water for several months durng the monsoon. Other peried of year a major part of the
town is submerged by river water, Munshiganj is one of major business centres of the

COUITY



Figure ~ 4.1: Map of Bangladesh showing the study area
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4.2.1 Survecy of the arca and data collection

The ohyective of the study is to assess the existing impressed cwTenl corrosion control
system. For (his purpose pipeling survey of the arca is umporiant, A detail survey ol the
distribution arca including pipeling, CP station and DRS is done. As built pipeline
drawing of the study area is collected from the planning departinent of TGTDCLL., One
single map of the whole arca was necessary lor the study. But Lthat was not available.
Four differemt maps of the diflerent ponion were found and scales of these maps were
also dillerent. Asstmilating these maps into one, a single map of the area has been
made and shown in Figuwe-d.2. For the purpose of the study data related to pipehipe,
soil analysis, pipe w0 soil potential, soul resistivity, gas consumption by the customers
have been collecied. Natural pas dismbution network was laid in Munshigonj in 1992
The main sovrce of the distnbuiion line 15 a 8" diameter pipe from Panchabati Moor,

Narayanganj.

Gas supply of Munshiganj was commissioned i March, 1992, Comosion control of
natural gas dismbution pipelines of Munshigan s being done by impressed cierent
methad which 15 4 vanety of cathodic protection systein since July, 1992, All pipes
were laid in the trench afier PVC iape wrapping. The first significant leakape was
detected after three months of pipe lving. Therefore the present status of the pipeline
protection system is a matter of interest. Distribution region is divided into two puwrts of
the town. One part is called Munshiganj and olher part is named Mirkadim, Figure-4.3
shows typical lavout of the two distribution parts including position of district
regulation stalion (DESY.
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Soil of Munshigonj: Vanety of soit found. Clay, ash soil, sendy soil and reddish soil
arc common. Soil analysis performed by the depanment of soil sience of Dhaka
University in 1993 and collected from the isvestigation sepott of Ahmed (2000). Soil

analysis reporl shows Lhat,
P 74w 8.
S0 : 32w 41 ppm
Bacteria :(i) Thiabacillus ferro oxidans

(i) Thicbacillus thic oxidans.,

4.2.2 Existing corrosion conirol system

For cormosion controt of Munshiganj pas dismibution pipelings impressed current
system of cathodic protection was installed in 1992. During that time soil resistivily
survey was not performed. The survey was done in 1995, The design considerations
and calculation of the existing cathndic protection system are not available today. An
assessment of the existing installation is necessary for further development of the
system. A short descriplion of (he existing system is given below:

Transformer - ifier:

Calhodic protection (CP) station is instalied inside the regional sales office of TGTDCL
gt Munstigonj. Munshigonj DRS 18 toceted besides the CP station. A transformer
rectifier is installed at the CP ststion. The specification of the trensformer-rectifier is

eiven helow.

in Modet  Basco

(i) Ongin : England

{iii) Coolinpg : 0l cooled plinth mounted, Indoor type for continuous
operation. K

{(iv}  Minimum output * 30 Amps DC and 20 volt DC
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vy Input : 220 to 240 volt single phase 50 Hz, A.C supply.
{vi}  Cumput contro! : By multi selector switches or by A percent repulation
tifle,

{vii) Ambicnt temperature ; 0-50°C

(viit) Humidity - 100%,

(ix) Rectifier circut : Full wave bridge

{x}  Rectifying element  : Silicon diodes.

{(xi} Tollowing instruments and fillings are also installed with mansformer rectifier

System’

(a} fnput volimeter

{b) Input Ammeter

{c) Output Arometer

{d) Output Voltmeter

{¢} Thenuometer

(F) Oil tevel pange

(g) Timer

(hYOil drained value and plug
{iy Ratmyg plate

{}} Eanliing for [asteming positive cable, napative cable and mcoming AC cable.

Output voltage and cwrenl of the transfonner rectitier can be adjustad by changiog tap

sedlinye.

Ground bed:

Ground bed of the said CT' system is mstalled at a distance of 250'-0" from the 6"
diameter distobution mawn or Munshigong- Tongiban road in front of TGTDC office, Tt
was installed in the plavaround of Panchasar government primary school. But recently
the schood avthorty has buill a new building over it 80" long scrap iron pipe of 107
dismeter has been used as anode bed. It is Taid at 3 depth of 10-6" from ground surface,
Figure-d.4 shows the position of CP station including sround bed and cable joints.
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There i5 an 8" diameter insufating jomt installed at Panchabati moor, The line is
electrically isclated here. Thus from Panchabati moor to Munshigan] DRS distribution
main pipeline and Munshiganj- Mirkadim distnbution nerwork pipelines are covered

under the CP slation.

4.23 Pipeline data

‘[he map construcicd for the area shows all the distribution pipelmes excepl % ’
dismeter pipe.  Because at the time of gas commmission no customer was connected
laying -i— " diameter pipeline. The length of % " digmeter pipcline has been
considered as 20" per domestic customer. As per general sales procedure of TGTDCL
10 feet %' diameter pipe is supplied to every domestic cuslomer. No exira ¢ost s

charged for that. In practical ten to one hundred feet pipe 15 required for domestic
customer depending upon the distance from the distribution Jine. After erecting riser of
the customer an insulating device named lock wing cock or insulating flange is
instailed to separatc wnternal line electrically. From 3/4” diameter to 3" diameter locally
made steel pipes are used. Pipes of 4" diameter and above that arc procured through
internarional iender and quality is as per AP[ 51 grade B specification (2000},

- Table-4.2 and Table-4.3 arc taken from API 5L grade B specifications (2000), and
cither of the tables shows pipe diameicr, weight per unit length, inside and outside

diameter, chemical composition ete. Table-d 4 gives Jength and diameter of pipelines as
laid in 1992,



Table- 4.2: Line pipe specification, Pipe: AP 5L Grade B3, Scamless

15

e Cuisede Wwall Thickness | Calevlated Plaia End Hydro Test
{Inch) Diatneter {Inch} Inside Diameter | Wesght per unil pressure (P50
(Inch) {inch) lenpth
(kgm)
j.05 1.05 0.113 G.824 1.13 F00
1.9 19 {145 1.561 212 1300
5 3 2.375 0.083 2209 203 1470
8
9 7 2875 (.083 2709 248 1210
-3
35 35 0.083 31334 303 1000
4 & 0083 3.834 348 Y
i 4.5 45 083 4334 392 _’?TD
5 & 5.363 0.083 5397 4 86 630
16
ﬁi 66215 0.125 6459 58 530
g
EE 8625 0.083 8375 i1.36 610
B
10 10,75 {0.188 10.375 2].23 610
123 1275 0172 12,406 2313 610
4

Table-4.3: Chemical composition of pipe: APT 5L Grade B pipe

Maximuin Maximum Phosphorous | Sulpher | Columbium,Vanadiu
carbon %o Manganese?o %o Maximu mé& Titaniun
Mini | haxi m Maimun®e
mum | mum
026 12 - | 0.03 003 0.13
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Table=4.4: Pipebine data of Munshigan; distribution network as laid in 1992,

Pipe  size | 34 1 2 3 6 3 12
{Inch?

Length -- 30100 41275 Z78E0 22000 | 32800 2000
{Feot} |

Length (uz) | — 9I77 {12584 | 8500 | 6707 | 10000 | 915

Sortace - 8269.96 | 2160G.58 | 218358 | 34540 ! 6BO6L3 | 9420
area

({Sq.ft) |

4.2.4 Soil resistivity daia
Soil resistivity is the most important parameter for designing a cathodic protection

system of corrosion control. Four pin method tesistivity measurement data are given io

Table 4.5. These data were collected keeping pun spacing 5 - 2 % " . Therefore

resishivity is foend multiplying resistance by 1000, Resisilivity data were cotlected
around the pround bed of Munshigonj part and some other arca of Mirksdim part
Resistivity data have been collected from concerned department of TGTDCL. Soil
resishvity dais are represented by many different ways. It is useful to prepare a

histapram.



Table-4.5: Soil resistivity data of Munshigan; .
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Sl
resistivity
Sl No. Location Resistance, R (Otmy | (Ohm-crm) Comments
1 Titas Cffice 2.38 2880
2 Asia Jhunar Mill, Dighir Par 3.78 3780
3 Matbar Bari, Dighir Par 2 56 2560
4 Padma Sula kal Sarkerpara .58 1560 Ash Soil
5 Khurshid Bapery . firingibazar 1.76 1760 Ash Soil
g Hsesain Mistri, Doyalbazar 1.85 1850 Ash Soil
7 Ay rice mill Binodpur 3.38 3380
8 Sunrmoon Traders, Rice Godawn 1.55 1550 Ash Soil
g | City Bank , Rikaby Bazar 26 2600
10 Bara Masjid, Bhabanpara 1.3 1300 Ash Soil
11 Rogrmukti Clinic, north Ramgapalpur 1.35 1350 Ash Beil
12 Ratan Hajibari, north Ramgopalpur 1.2 1200
13 | Meerapara, agricuiture Office 1.85 1550
14 Meerapara, kabarsthan 67 G700 Sandy Sol
15 | Chal Matbar Ban 214 2140
16 Sayaranjan's House Ghosh Para 1.65 1550
17 Gojnabi Master's House, Tengor 1 66 1660
18 Haiji Billal's House 1.15 1150
19 | binodpur primary schogl 2.1 2100 Ash Salil
20 Kamal Krshna's House, Binodpur 177 1770 Ash Soil
21 Binodpur North Panchayet , Masjid 265 2690
22 Situ Madbarbari 1.02 1920
23 | Alam Chan South Ramnopalpur 3.09 3000
24 Mita Cottage{Safi Chairman}Adraatyatala 31.57 3570
25 | Swapan Chaimman, Dingabhanga 284 2340
26 Rikabibazar Girl's High School 1.57 15670
27 Fulchan Vilia, Rikabibszar 1.5 1500
28 | Rikabibazar High Schogl 1.8 1600
29 Billal Mia's House 1.81 1810
30 | Alim Uddin's House 2.84 2840
31 Abul ¥ashem's Shop 1.56 1560
32 Arnjad ali High School, Mirkadim 2.12 2120
33 Nayabari,Mirkaddddirn 1.42 1420
34 Abul Hossain's House 1.4 1400
35 Dr. Matalib's House 1.16 1160
i Sweetmest Shop, Mirkadim 273 2730
27 | Omar Contactor's House 3.23 3230
38 Lillah Madrasa, Chandantala 1.44 1440
39 | Islamia Madrasa, Kgozipara 2.54 2540
40 Kagozipara Primary School 2.04 2040




Table-4.5:(Continued) Soil resistivity data of Munshigan; .

7%

IF Sol |
resistivity
Sl Ng Location Resistance, R {Ohm) | (Ohm-crm) Comments
41 hir. Safiuddin’s House , Meerapara 241 2410
42 | Jorapukur Junior Girl's High Schoal 293 2830
43 Jorapukur Mosque 1.39 1380
44 | Mr. Jabbar Khan's House jorapukur 2.85 25950
45 Giasuddin's Soap, Jorapukur 4.42 4420
46 | Panchasar Union 2.47 2170
47 | REB Office, Panchasar 2.56 2580
48 Khalisthan BRAK{RDP), Panchasar 12.3 12300 Sandy Soil
|48 | SDE Office HRD, Manikpur 219 2150
50 Hazrat ali's House Gonakpara 2.13 2130
51 Mirhossain's House Mosque 5.4 5400 Sandy Soil
52 Meereswar Bastuhara{Bridge) 236 2380
53 | Anil Bapery's House Meereswarai 3 3000
54 | Noormia's House, Sarderpara 4.3 4300
55 Zakir Hossain's House Jorpukur 4.4 4400
56 Chanmia Sarder,SP House Road 216 2160
57 Bazlur Rahman House,Cotton Mill.Gosaibag 338 3380
58 1L Gosaibag 2.46 2450
53 BSICIC, Tongibar Road 355 3550
60 | BSICIC, Office Ground, Tangibari Road 5.44 6440 Sandy Soil
&1 ESICIC Office Ground, TongibariRoad 17 1700
62 | Doshkani Raster Moor, Tongibar Road 2.88 2880
| 53 | Sipahipara Bazar 2.39 2300

A histogram is prepared by plotting the number of readings found in various “classes” or

readings of resistivity as ordinate. Resisilivity values arc plotted in the abscissa. The classes or

ranges should be logarithmic. There is scientific basis for Lhis approach. Because here ralios are

more imporant than differences and normal trend of resistivity data (o take form of “Standard

distribution™ when expressed as logarithms. Mathemn

- 4.6 are as follows:

atical manipulation of the data given inTable




Table-4.6: Surmumary of resistivity data for plotting histogram.
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Soll reststivity Fnge,

phm-cm | Number of data, N ; Frequency, % | Centre of class
12800
6400 4 6.35 9600
3200 14.28 4800
1600 35 35.5 2400
8O0 15 238 1200

Soil resistivity histogram is prepared by plotting frequency against center of class.

Figure-4.5 shows soil resistivity histogram of Munshugan;.

42.5 Calculation of legarithmic mean resistivity

It is the logarithmic mean resistivitry by which corrosovity of soils can be compared.

Loganthmic mean accurately compare corrasion exposure. The fogarilhmic mean

registivity of a set of resistivitics s the value whose logarithm is the average of ali the

logarithms of the measured values. Thus tesistivity of a soil generaily means

logarithmic mean resistivily. Calculation procedure of logarithmic mean resistvity of

Munshigan] town is shown in Table-4.7.
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Table- 4.7: Logarithmic mean resisitivity calculation.

Rasishvity range, Number of data, Loy mean of the N®L
Ohm-cin N data, L.
12200 £|
G400 4 308 15.93
3200 9 3168 3313
r 1600 ' 35 3.3% 118.31
800 | is 308 26.15
Total 63 -- 263.56
Logarithm of mean 1339
Loganthmic mean resistivity . 2454.74 ohm-cm
i,¢, Resistivity of (he area : 2455 ohm-cm

This calculation has been performed arranging the data range such that ratio of iwo

successive range romains 2.1, which is in widespread use.

4,2.6 Pipe to soil potential data

There are 61 cathodic protection lest points sei. at dificrent tocation of Munshigan) gas
distribution pipelines. Pipe (o soil potential (PSP) data are required 1o measure at each
of the stations at regular inlerval of lime. !t is general practice to measurc the PSP every
threc months. But in rcality, due to some administrative reasans and some unavoidable
citcumstances it 15 ot possible to take PSP reading once in every three months. PSP
data have been collected from concerned department af TGTDCL and represented m
Table-4.8. The data 1able has been represcnted incorporating the distances and relative
distunces of test poimts from drain test poimt {DTP)} The distances from DTP have been
measured by surveying of the pas distribution arca of Munshiganj and taking help of
different maps of the region. PSP dala is very much important for monitoring and

assessinent of cathodic protection syslem.



Table-4.8: PSP data of Munshiganj CP iest poinls.
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T F Logation Siation Number | Olstance | Relafive Distance | Y:Jan'2003 | Y:Mar2002 | fSep'20df | ¥ Mgy 2000
Panchabat Mosr 1 456D 1 [E] | 1} 0.92 ogz
Frye Star Engingering 2 32630 0.54 .54 0.52 035 1
Morth Kashipur 2 04D 0.86 - - - 1.08
Matdhya Kashipur 4 28200 0.82 1 1.8 1.02 112
Gupta Magar 5 ZE000 0 7E 105 1.11 1.11 12
Syedpur G 25200 073 108 115 1.2 126
7 Km 7 24710 Q.72 1.12 1.2 1.258 1.35
Mukterpur DRS B 18600 0.54 113 1.42 1.26 1.4
Muklespur DFT 4 0 040 14 1.5 175 1.9
Gusalban 10 3250 0.0u 1.5 12 16 -
Moagaon 11 4750 .14 1.4 15 155 176
Woagagn West 12 6250 D.18 143 1 1.5 1.7
I Mpagasn_East Mosque 13 7750 022 1.42 ig 1.48 1.65
Manikpur 14 8090 023 14 1.25 142 1.45
. idrakpur Primary School 15 7520 p 27 132 1.18 1.38 18
Mankpur Family Planning 16 100 21 1.34 12 1.38 1.8
a| Marnikpur Hosprtsl Road 17 E200 0.8 - 1 - 1.56
|'=| Bahga Al Road 18 10600 0,31 i 1.1 ] 1.56
Ishagpur 13 10004 0._29 133 1.12 1.35 1.55
i} Rousghan Radio House 20 10500 030 1.35 122 1.3 1.8
| GPO Munshigon, 21 2200 0.27 1.39 1.3 - 1,52
a| Morth Court Road 22 BACKD 0.2% 1.44 1.18 1,22 15
Ranijlt Master 23 5800 o17 137 1.25 1.3 1.5
Jamiderpara 24 B000 017 1 36 1.22 1.38 15
Ganhakpara 5 14200 041 1.35 1186 1.38 148
Munghigen) Gid's Schos 26 158060 0.44 1.35 124 1.35 1.48
Khaka Chaimman 27 10300 0.30 1.33 1.1 13 1.45
AWM High School 28 10104} .24 126 1.05 1.25 1.4
Ganakpara 29 830D 0.2 1.2% 1 122 1.4
Deovog weman College 3 G800 020 1.32 0.8 1.18 145
& M IslamiDecveyg Majar) M 6600 019 - 0.895 12 -
Zakiruddin HaZifDeoved) 32 E100 3.1E 13 3 - 1.4
Fish Farm Office Deovog 33 Ga00 0.20 1,34 112 1.32 1.45
Hawtadarhan Deovog 34 G300 013 1,22
Abu! Kashem, Deoveg a5 5500 R.97 i34 1.39 1.45
[ o« Rezidence 38 1GEHY 0.48 1.33 14 12 1.4%
Forest Gepatment, Katakhall 7 15100 0 44 13 136 118 1.42
Kalakhalt Bazar 38 13200 038 1.3% 141 1.25 15
CHd Hospital, Munshig onj 3o 13000 034 - - 13 1.48
Mzath Para {Jalal Dewan) 40 1350 039 1,44 1.48 132 1.55
Munshigonj Stadium 41 17900 052 143 149 - 155
Fang¢hghari Gowt Primary 42 15100 047 138 144 1.35 1.8
Munshir Hat Bazar 43 20350 0.59 1.33 1.4 1.36 145




Table-4.8: (Continucd) PSP data of Munshiganj CP test points.
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T P Location Stnlen Murnber | Distance | Relative Distance | Y.Wan'2003 | ¥.Mar2002 | YiSep 3001 ¥: May' 2000
South lslemplr ik 20000 Q.58 - - 1,28 -
Khahztha(Sultan Gazi) 45 18300 0.53 1.29 1.35 1.35 1.4
Sekander Ali (Sree Palk} AR 17500 0.51 1.33 139 135 1.45
PTI Centre (Islampur} 47 11600 034 134 14 128 145
lalampur Farazi Ban 48 10400 0.30 139 145 1.3 15
Wawapara 49 10400 0.3 1.43 1.49 1.25 1.55
bat Laxmipur 51 11600 T 1.5 1.54 1.15 16
Dings Vanga Matbartar 51 4700 014 165 172 12 1B
Dinga Vanga Al member 52 3200 4.049 1.68 1.75 1.25 1.58
Adraiyaiela, Safi Chalrmnan 03 2500 Qar 1.7 1,77 13 1.85
Ay Rice Ml i 3100 015 - 1.1 1,36 1.7
Mandanpur Mosgue 5o 5500 016 1.55 1.66 1.38 1.7
Rikabi Bazar Mosque [ils] 50 022 16 - 136 -
Merapara Majar 57 achn 023 - 1.65 1.3 1.72
Kalindipara Kalibard 58 GR20 0 20 16 16 136 165
Ghoahpama 50 FROg 0.23 1.54 1.55 1.25 1.6
Rikabi Bazar East B0 oLt 0.25 15 154 13 16
Tangor,Rahan Sarf} &1 2800 028 1,48 1.2

Table-4.8: (Continued) PSP data of Munshiganj CP test points.

T.P Location v:Marisgg | Y:Dect098 | Y.Jent887 | Y:May'1306 | YiJan'1985 § Y. jul1954 |

| _Panchabati toor 0.8 035 0 G4 04 0.75 0.75

Five Star Engineering 0% n.98 0.85 0.8 0.8 0.78

Noith Kashipur - - 0.94 0.95 .85 083

Madhya Kashipur 11 11 1 1 0.85 087

Gupta Negak - 1.18 1.1 1 D% 105 111

Syedpur 1.1% 1.25 1.16 1.1 112 1.0%

7 Km 125 14 1.25 1.15 1.21 1.17

Mukterpur DRS i3 13 136 1.2 1.25 1.1%

Mukterpur DPT i9 1.8 2.1 2 1.58 1.92

Gusarbagy - - 1.78 1.8 1.7% 1.78

Moagauh 1.3 1,38 1.74 175 1.67 1,63

Moagaon West 1.36 1,458 16 1.7 1.65 148

MWoagaon East Mozgque 1.35 14 165 1.65 1.6 1.59

Marikpur 132 1.32 1.4 1.5 145 143

[rakpys Primary Schoal 15 1.54 1.5 1565 148 146

Marikpur Family Planning 1.5 145 152 1.55 1.52 1.52

Manikpur Hospial Road 14 - 1.52 1.5 1,48 1.44

Bahga Ali Road - 1 56 1.58 - 1.62 1 46




Table-4.8: {Continued) PSP data of Munshiganj CP test poinls.

T.P Location ¥oMar1600 | Y Dec1908 ¥iJan'1997 | Y May'T%86 | YiJan'18956 | ¥ Jul'1964
|shegpur 155 1.6 1.5 145 - -
Roushan Radio House - 138 1.45 1.45 151 1.48
GPO Munshigon) 1.8 15 1 1.45 1.45 1.44
Morth Courl Road 1.45 145 1.08 1.45 1.45 14
Ranyt daster 15 1.5 1 1.5 145 .41
Jemkerpara .35 136 1.5 i5 1.45
Ganakpara 146 1.48 1.02 145 1.45 137
Munshigonj Girl's School 16 1.6 104 145 1.45 1,41
Khaka Chaimnan 1.5 1.54 1.04 145 1.48 138
AWhE High School 148 148 1.05 145 1,45 1.38
Ganakpars 1.4 1.4 1 D6 1.45 1.43 1.38
Deovag woman College 1.5 152 1 15 1.45 1.38
5 M lslacn(Deovog Majar - - 1.02 - - 1.4
Lahiruddin HaZi{Derovog) 143 1 A5 .98 1.5 145 1.35
Frsh Farm Office, Depvog - - 1 148 1,43 134
Hawladerban Deovpg - - 1,36 - 142 135
Abul Kashern, Deovog 1.4 14 1.22 1.4 1.45 1.37
D C Rezidence 1,35 133 14 1.5 1.45 1.39
Forest Department, Katakhal 1.3 13 142 1.4 1.42 1.4
Katakhali Bazar 1.28 128 144 1.5 145 1.41
Did Hospital, Munshigon] 14 1.42 1.4 15 1.4% 1,42
MWath Para (Jakal Dewarn) 145 1.48 1.45 145 1,48 1.4
Munshigani Stadium 158 1.52 1.12 145 135 1 36
Panchghar Gowt Primary 1.4 145 1.08 1,458 1.4 1.36
Munshls Hat Bazar 1.35 1.38 1 1.5 145 1.34
South kslampur - - - 1.5 1.45 1.33
Khalistha{Suttan GGazi) 1.38 142 1.03 1.45 K 1.35
Sekander Ali (Srea Palliy 1.42 1.46 106 142 1.42 136
BT Centre (Islampur) 1.3 1.33 108 1,45 15 1.36
Islampur Farazi Barl 14 1.5 (.88 15 1.5 135
Nawapara 1.42 1,47 1 1.55 156 15
Hat Lasripur 1.52 1.56 1.44 1.55 1.75 1.49
Tfnga Yange Matkarban 1.7 175 1.8 1.75 1.75 1.72
Chinga Vanga All rember 172 1.78 1,76 1.75 1.8 1 6B
Adraiyatela, Sak Chatrman 1.82 175 T35 17
Avi e Mill - - {1 B 07 1.62 063
Nand arpur Mostue - 1.58 1.36 16 1.7 1.54
Eikab Bazar Mosgque 16 1.63 1.48 16 16 1,47
irapara Maiar - - - - 16 1.4%
Kallnd ipara Kaliban 155 i7 152 1.585 1.57 1.5
Ghoshpara 1.52 1.64 15 1.55 1.55 151
Rikabi Bazar Essl 1.5 155 1.62 155 157 148
| Tangor(Raihan Sarf 1 55 1.58 1 G5 1.8 16 | 18

84
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4.2.7 Rectilier's ap setfing and ouipui data

Tinpressed current cathodic protection system can be controlled and monitor at
tranlommer - reclilier station, shorily called CI' station. When cwrent consumption at
rectifier station mereases, voltape sctting goes down and PSP value at dran point drops
from preset value. It indicaies that efliciency of the existing cathedic protection system
bas been decreased due to some reasons. Then DC voltage and current gutput o
rectifier needs to increase. It is done by changing lap setting of the rectifier. Table-4.9
shows rectifier tap setting of Munshigony CP stalion al vadous times from 1993 to
2003 Thesc data alse have been collected from concerned depariment of TGTDCL and
arranged in tabulated from.

Table-4.% Transformer-Rectifier Tap Setting and Output

Dake Observed Dala Heset Data
Tap AC Input DC Cutput Psp | Tzp | DC DC FSP
Selting at | Selling | (Volty | {Amperc) i
YWolape | Current | Voitape | Current DPT OPYT
Yokl Ampers WVolt Awpers
(Vo) | (Ampere) | (Volt) | {Ampere} (Valt (Volt
030R03 | 1xlal 240 075 B4 it 170 | 2w 15 i =11
DSMORAT | Iy 20 i 15 10 21 - - - -
147103 | Ixtxl 220 1 14 U3 -1.% - - - -
LA | 1xIxd 20 H 15 35 2.0 - - - -
26002195 1 1A 0x1 220 1 15 3.5 <213 - - - -
2020 | Lkl 220 1 15 a5 =X 0 - - - -
a4 L=t 220 i 15 4.4 -1 “ - - -




Table-4 9{Continued): Transformer-Rectifier Tap Setting and Qutput

86

Date Observed Data Reset Data
Tap AC Tnput DC Cutput PSP Tap L D PSP at
Seiting at Sctting | (Yoit) | (Amp.) DpT
Voltage Current | Woltape Current DPT {Velr)
(Volt} {Ampere) | {Yal) { Ampere) Vol
Bl 1x1x1 230 t 16 9.0 ) - - -
PRGOS [ txixd 230 1 17 90 -2.0 - - - -
00654 | Txixl 230 1 14 9.0 -1.95 - - - -
8069 1x1x1 230 1 15 g 1.92 - - - -
300596 | Zudxl - - 15¥ 90 A 20V - - - -
2010008 - - 15.5 11.0 -2 2x2x] 13 1075 205
140797 | 2xdx12 - - 14.% 8 -1%9 22X 14.5 5 -15
JTOT | LxZxl “ (4.0 30 -1 -1 90 140 9.0 =14
O3/04498 | Zx2xl - - 140 9.0 -1 82 2xd1 14.0 a0 -1.82
ZODESSE | 2xdwl B - 13.5 a0 -1.8 2x2x1 13.5 Q -1.20
2412/88 | ZaZxl - k2.5 90 -1.9 Zxixl F2.5 10,25 215
OLZED | Iwdxd - - 2.5 9.0 - 65 Zvdxd | 1035 9.5 =175
ol
PA0920 | 2wdxd - - 10 B0 -1.75 Ixdxl 10.0 g0 -1 73
o1
2R3 | dxdxl - - B75 805 -1.4 2x2x1 875 .05 -1.40
1
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4.3 Data Analysis and System Evaluation

Present cathodic protection mstallation system described for the said arca was
constructed 13 years ago. In the mean time length of the distribution pipelines has
mereased sigmficantly with the increased demand of the customers. From the
comimissromng of gas supply till teday, the numbers of ieduosirial, commercial and
domestic gas connections under the distribution system are 15, 23 and 4993
respechively. Distnbation network has increased markedly every vear by the demand of
the local people. TGTIXCL also extend distribution line cvery year as per its own plan
and program. At present 1, 00,000 feet 3/4™ diameler riser pipe lines have been added
to the network. The infonmanon about the mrowth of other sizes of pipe tines such as 1",
2", 3" and 6" diameter pipelines were not avallable But there were not found. There is
a communicalion gap between local office and planning depariment. All mlprmation
regarting the laid pipelines 1s not sent to planning department. As a result the key map
about distnbution pipefines is not updated. It is gencral practice to assume 50%
mcrement of distnibution pipe lines for each 20 vears penod. Detenioration of coating is
increasing sharply due to ageing effect, continuous customer connection damaging
cpating, disbonding of coating for increasing cument demand with increasing pipe
length ete. Voltage setting at DTP to higher value than recommended value -1.5 volt to
satisfy PSP value every where over 0.85 voll {negative) wath respect to Cuw/iCuS0,
¢lectrode causes disbondmg of coating Thercfore the syslem installed 13 years back
needs W evaluate.

4,3.1 PSP data

Collected PSP data of 10 discrete months of 10 consecwive yvears (Table-4.8) shows

some locations where data arc nol available, These data could not be collected due 1o

following reasoms:

(1) Some times the TP cover was locked and could not be opened at site to collect
the data.

{if}y  For office admimstration: when Old technical was transferred then pew
technician could not race somc locations.

(i) Test point is somelimes siolen,

(i}  Test point cable is stolen and disconnected by unconscious citizens.

(vy  Test points are destroyed or damaged by accident from vehicle.
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Figure-4.6: Graphical representation of diminishing CP cfficicney with time.
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At drain point of the lme PSP value s set 1.5 volt to 2 5 volt by adjusting rectifier
putpui with Lap sewting. But it is observed that at D'TP, the PSP value always tends to
decrease. Graphical representation of duminishing CP efliciency with hme 1s shown in

Fipure-4.6. Figurc-4.7 shows the variation ol PSP at DTP with time

FSP Value,-Ve Yolt

0.5 frnm - | o

0 ; "
1092 1994 1996 1998 2000 2002 2004

Year

Figure-.7; Temporal variation of PSP at drain point from setting value.

U 15 (he recommended praclice to keep the PSP at Feoder or drain pownt atl SV, ILis ot
recommended over that because wrapping or coating of mpe becomes loose and
ineflective. PSP at DTP is diminishing at Munshiganj and it requires higher tap setiing
of rectifier For last ten years a larpe number of times tap setting has done (Table-4.9).
But the result is that PSP always falling down, The problem has become acut in recent
time. It reveals the fact that the current demand of the distribution tines has mereased
and existing rectifier is failing to maintain negative PSP over 0.85 volt every where.
This may happen due to damage of coating and exposure of pipe commecting  with

water hody,
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Figure-4 &: Yariation of PST reading at Panchabati moor showing comosion.

Fiimre-4.8 shows temporal vadation of PSP reading at Panchabati moor which is at
maximum distance from DTP. It is cvident that from the time of commissioning of CP
system at Monshiganj, the capacity of rectifier was nol sufTicient 10 proteci pipe lme at
Panchabati moor up to 1997, The curve then goes up and then in the recent years it
again falls, Crtical PSP valuc iz being maintained, Afler 1997 becanse of another CP
station commissioned at Sasthapur of Narayangan) which is within 2 km from
Panichabati moor Some how there inight be established an elecitrical conductivity with
lhe distribwtion lines of Narayangani. It also illusirates a very serious problem to
Munshiganj CP siation. The problem might be failure of insulating joint at Panchabati

moer and drainage of current to a very large distribntion network af Narayangan;.
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Figure-4.9: Temporal variation of PSP at Avi rice mill area.

Another TP which is at 5100 feet distance from DTP shows PSP values drop below
cotical line twice in Figure-4.9. Except that PSP valuc 15 always well above than
criticat value PSP at some stations adjacent to this station satisfy critical PSP at the
soametiime, The reason of going PSP value down than critical is that cable of the test
point was disconnected. Afier maintenance it gave comrect PSP value and the sbucture

here is safe from corrosion
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Fipure-4 10 shows varialion of PSP rcading with distance from DTP. The plot on
sermlog paper gives straight lime which is identical to typical attenuaton curves for
finite line.
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Figure-4.19: YVadaton of PSF reading with distance from DTP

4.3.2 Pipe line lengih projection

On the basis of as built drawing of 1992 pipe line data are available ( Iable- 43
Assuming 50% growth of pipeline for every 20 years and overall design life up 1o the
vear 2025, projected tenpth and surface area of each size of pipe needs to be calculated
to assess the existing CF system. Pipelines collected from the map of 1992 do not
provide length of 3/4" pipe laxd. Tt has been taken 20' per domeshic cuslomer number as
on September' 2005, Table-4.10 below eives present and Ruture projecdon of pipe lings
in Munshigan) distribution network up to September, 2005 the distribution mains

remam unchanged,



Tahle-4.10: Pipe length projection

23

Year Length of pipe, ft

34 I 2 3 & 8 12
1992 - INN00 (41275 | 27880 | 22000 | 32800 3000
2005 GO860 39882 54689 36941 22000 32800 3000
2025 130790 | 59823 82033 55441 33000 49200 4500

Note: No actual extension of 6 ", § "@ and 12 "® line is made during 1992-2005.

4,3.3 Resistivity data cvaluation

Collecled resitivily data of Munshipanj pas distribution nebyork area has been analyzed
and logarithinic mean resistivity has been calcutated. Calenlation shows resistivity of
the wholc area 2455 ohm-cm s0 the soil is moderately corrosive. The soil consists of

ash soil, sand and clay Resistivity of the area is low due to presence of clay and ash

sol.

4.3.4 Iavestigation into rectifier’s rating

Whether the existing smgle dran point rectilter is sulficient to meet present and fulure
current demand to protect the pipe lines from comoston of ol can be investipated by,
(i)  Rules of ihamb, and

() Using attenuation curve.

For cach case it is desired to set design considerations. The considerations available arc

as following;

{1 Soil resistivity, p=2455 olun-crm. |

fiiy  Coating conductivity of steel prpes:
For good coating in low resistivity soil: 50-250 micromohs/sq.1t.
Considenng detenioration of coating o some cxlent lor e present

situaticn 1t can be waken as 250 micromohs/sg. L



Rudes of thumb approach:

{Current requirement 15 calculaled vsing the ilowing assumptions:

- 0.5 mA/E
-2 mAMC

For conservative desipn, current density

For extreme exposure, cument density

94

Curreall requireinent lor rectifier’s raling myveshgaton considening pipe line data up to

Seprember 2005 is piven in (e Table-4 L

Table-4.11; Current requirement calculeted for Rectificr's raling investigation using

pipe length up to September 2005 (Using rules of thumb)

Neminal | owter diameter, | Length, | Surface arca, Cuirent requirement, A
diameter inch & g Considermy | Copsidenng
H OSmAME | 2 mAAY
/4" 0.75 99860 | 19615 58 39
I 1.05 39882 10988 0.3 72
2" 2.375 54689 34080 55 68
3" [ 315 30941 33924 I7 H7
6" 6.625 22000 38173 19 76.3
8" £.675 37800 74063 37 1482
12" 12.75 3000 16036 50 20
Total=| 288172 270909 110.3 440.5

Use of attenuation curve for finite coated line:
Data to be used for Munshigenj distribution line:

{i) Soil resistivity

(i) Coating conductivity

(iii} Dramapge vollage at DTP, AEA

{ivy At low point on pipe line driving voltape, AR,

{v}  Total doving volitage change over the ling

: 2455 ohin - ¢

1250 imeromohs/sq fi.

1.9 volt

: 0 3 voll (Criteria)
T AET =03 volt
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A% 2633
AEr 03

So, For Munshiganj,

Now from attenuation curve for coated finite line (Figure-3.8), for different sections of

pipeline,

L yx D

I= (Chart Value) ={ 3

AF
0,
I= (Chart Value)x D

Where, D= diameter of the section of pipe in inch,
And AFEr=0.3 ( Gereral assumption)

Tabic-4.12: Current requirement calculation for rectifier’s rating check using pipe line
data up to 2005 (Using attenuation curve for coated line)

Pipe size, inch Outer diameter {33),imch E:cnl;;] ?Iljﬁ [=Chart ialue =D,
30,000 1.125
o 075 30,000 1.125
) 39 RB60 1.125 N
Suh Total A 860 3375
1" 1.05 39,8382 1.575
Sub Total 39882 1.575
30,000 3.56
2" 2475 268 | 356
Sub Total 534,689 712 |
qu 3.50 36941 525
Sub Total 36,941 525
4" G 625 22000 G.44
Sub Total 22,00 .44
g 8625 _ 32 800 293
Sub Total 32 800 12,53
12" 1275 3000 i9.12
Sub Taotal 3,000 Y12
Total Current: 5931 A |




96

Table-4.13: Cureent requirement calculation for rectifier’s rating check using pipeline

data up to 2025 (Using attenuation curve for coated line)

o Outer diameter {1}, Sectionalised 1= Chart valuexD,
Pipe size
inch Length, A A

30,000 1.125

30,000 1.125

14" Q.75 30,000 1.125
20,000 1125

30,790 1.125

Sub Total 150.790 5.625

30.600 1.375

i 105 24,823 1.575
Sub Total 59823 3.15

30,000 3.56

” 2375 30,000 3.56
22033 3.56

Sub Total 82033 10.68

30,000 525

3" 330 25441 525
Sub Toml 25441 10.58

6 6.625 J3000 Q44
Sub Total 33000 9.94

30.000 1293

B" 8625 19200 12.93
Sub Total 49200 25 86
120 1273 4300} 1912
Sub Totat 4500 19.12

Total Current: 3485 4 ]

The rule of thurmb metbod is estimation and should not be used for design. On the other
hand, atienugtion curves are usefld for design purpose. This was first used by Chevron
Dit Ca. in 1950°s. Calculated current requirement shows that a single TR unit of 30
ainpere rating is oot sufficient to meet present and future demand of Munshiganj.
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4.3.5 Ground bed ¢valuation
Munshizanj CP station has gne 30Ampere x 20 volt transformer rectifier (TR) umit for
jmpressed current cathodic protection system. Some selected vollage drops are

considered to ooour.

Positive and negative cable ' . 1.8 volis
{150 m of 35 mm diametor)

Vollage drop in length of ground bed : 0,25 wolt.
Back EMF t¢ surrounded ground bed 1.7 voli

{when coke breege 15 used)

Change in pipe to soil potential ; 2.00 vold
Contingency (around 5%} for TR voiks 0 1.25 wolt
Total LT Yaolts
Yoliage available {or the circuit, C(20-1.7y Vol
=18.3 voht
183

Minimmn cireuit resistance, R, = B—D—ﬂ.ﬁl Qhin

Ground bed of existing Munshiganj CP staton is a horzomal scrap iron ground bed
consists off

{1) 2 Nos 40 lopg 10" dismeter scrap pipe

(i)  Depth of placement: 106"

Thu puting,
L =80,
D =0.83%,
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P=2455 okm — ¢m, and
S =10.5"in \he Equarion-3.4 given below:

R= i {tnifi+ln£—2+&}
1925 i h L

Equarion-3.4 gives the valuc of R = 0,997 ohm. This value is much higher than TR
capacity of 0.61 ohim. So the existing 20 voit TR is not enough.

Anode consumption:
Out side diameter of 10" pipe = 10.753"

Weight per meter: 26.5 kg/m

Consumption rate: 9.1 kp/A y

Cathodic protection system was commissioned on July 1992
Time passed: 13 years

Tap sciting of rectifier (Table- 4.9} Shows

Maximum curent consumption: 114

Minimum current Consumption: A

. b1
So, average cumrent outpot from TH. ”T+ =95A

Therefore consumption of anode bed wog:

C=91x95x13
~ 1123 85 kg

Weight of mnstatled iron:
80

[= 22 965
328720

= 646 ky

As | < C, existing anode bed requives immediate checking and rehabilitation

Qutcome: Lxisting system of Cathodic protection for Munshipan gas distnbution
network has been anmalyzed thoroughly, PSP reading collected by (he officers and
technicians of TGTDCL at different times apparently shows that the system is more or
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safe and controlling corrosion of the distribution pipe lines. But evaluating the

existing system and considering many other things it can be interred that:

(i)

(i)

()

({iv)

Exisiing 30 Amp=20 volt TR scl is not sufTicient to meet the present and future

demand of corrosion conmol.

The scrap won ground bed insialled at Panchashar primary school play eround
might be consumed wtally. It is necessary to conduct loop resistance Lest and
rehabilitation of anode bed .Of course relocation of angde bed is necessary as

bacausc a new building has been construcied by the schoot authority.

Aflter a cedain interval of time TR tap is reset in such a way so that PSP al DTP
remzins 1.9 voll or more. But it goes down below 1.5 volt (-ve) quickly. On
the other hand current consumphion at TR site 15 going down. Vollape selling at
TR is alse going dewn This may happen due to tollowing reasons:

fay  Tapping onthe TR st too low.

()  TRis failing.

{¢)  Eleciricily supply is faulty.

As tap setting 13 done frequently, But the resct hiph voltage does not sustain
even when here 1s no problem of eledticity supply. Calcutations shown in the
previous scclions tndwcaie that an under rated cathodic protection system 15

mstalled with respect to present and future pipeline network.

¥umber of TP along pipc lines are insufficient and particularly in birkadim
porticn only 11 TP is set. S it is not possible to know the statns of every pomt.
Mo TP 15 installed after commissioning of CP in 1962, 1t is not possible t¢ know
ihe status of extended pipe ling laid after that time.

Resisilivity {logarithmic mean tesistivity} of the area is 2455 ghm-cm which
indicate the soil is comosive generally impressed cwrrent method of comosion
control sysiem is suitable for soil of ressitivity more than 10,000 ohm-cm. It
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works best where soil resistivity is above 100000 ohm-cmy, ie, in sandy so1l or in
ground with high terain of land wherc arca is.not flooded. But a region like
Munshiganj which is situated within the pgrip of two river and entre land is
almos! floeded every year; impressed curtenl method fails to protect pipelines

for a number of teasons.

For cathodic protection system moenitonng measuring PSP at different TP at &
interval of time is important. Therefore sincere, dutifil and well trained

personnel are required to measure PSP accurately.

Repairing and maintenance of ancde bed cable jotnts and tap sefting of rectifier
are most of the ime done by unskilled people. Imaccurale connection ic.
wrongly connecied cablc with opposite polarity canse server damage to the pipe
and leakage of the pipe may happen within 3 (o 4 days.

Sceap iron hes been selected as anoide for pround bed. Rate of consumption of
scrap iron is very high (9.1 ke/Ay) Therelore frequeni replacement or
rehabititation of anode bed is required. 1t is necessary to usc high silicon iron
anode for ground bed. But now he stwation has become difficult as the
instailed anode has been consumed up and the piace where it was installed has
been occupied by other agency. Station redesigning along wilh retocation of
ground bed is important.

Draininyg current al Munshiranj CP Station i is expected to protect the pipeline
up 0 the Panchabati moor which 18 nearly |1 km away from ihe CP station. At
1/2 kan from CP station the distnbution maimn has crossed dver special care is
required for (his section. Leakage of pipe at this section has becane acute these

days.

L]

Conclusion: Redesigning of the cxisting system considering present deficigncy m the

systern 15 imporiant. The disoibution uetwork has afready passed 13 years life. Its
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redesigning life would not be more than 20 years. The system should be redestgmed up
Lo the year 2025, Sacrificial anode system is desipned for such a short term projection.

The field installation of galvanic anode is simple. Relatively little fraining is required to
atlain acceptable comstructiom and maintenance skills. So Sacrificial anode gyslem is

more suitable for a country likc Bangladesh where pencral workers are not rightly
rained up.
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CHAPTER V

SYSTEM REDESIGNING

In the preceding sections it is shown that existing cathodic protection system of

Murnshiganj disinbution pipelines is not functioming properly. An improved system

design for the said arca is cssential. The new systemn should be compatible with the

Ipeal condition, should cost 1ess and the technology should be such that the local people

can operate and maintain it easity. The following discussions support most appropriate

methad of carrosion control for dismbution hines hke Munshingan.

(i)

(i}

i)

(v)

(v)

The resistivity of the said area is 2455 ohm-cin. Ut is 2 low resistivity sod and
sacrificial ancde method is suitable for relatively low resistvity soil, usally under

10,000 ohtn-¢mn. The method is most suitable for resistivity up to 3000 ohm-cm.

The distribution network has almmady passed 13 years life, Its redesigming life
would not be more than 20 years. The system should be redesigned up (o the year
2025. Sacrificial node system is designed for such a shori tenn projection.

The feld installaton of galvanue anode is simple. Relatively htile mwining 18
required o ahain acceptable construction and maintenance skills. Thus this is

maore suitable for a country like Bangladesh where general workers are not rightly
trained up.

Galvanic anodes tend to be more economical than impressed current installations
wiiere small amount of protective cuwment i3 needed. The distribution area of
Munshiganj is relatively smail and reqmires less amound of current than that of
other large distnbution area like Naraqyanganj or Joydevpur, So the sacnificial
system would be a good sofution for the arga

No land acquisition is required for the sacrificial anode method. Ground bed of
Munshiganj CP station was insialled in the play groumd of Panchashar
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government primary school. Now a new  building has been constructed over it
At tie same tme rchabiilation of the pround bed is required. Syslem
redesignig adopting sactificial system would have been a solubion here,

Interference or smay current caused by palvanic anode method is not so severe
as caused by impressed current method. Thus to save other oseful metallic

structure galvanic anode is a! better choice than impressed curment method.

There iz no possibility of disbanding of coating caused by the application of

excess impressed current methiod,

Distribution nelwork of Munshiganj is wmostiy consists of pipes having dameter
3 . : N
g " o 3" Bat there is al2 km leng section from Panchabatt moor to Munshipan)

DRS. 11 km of this pipe line is of & in dismeter, 1 km river crossing of 12"
diameter. In excess of these tines, two 6" diameter pipes have come out as
distribution main from Munshigani DRS. 6"diameter prices are giving feed to
the Munstiganj central town end Mirkadim. The section consisting of 3", 12"
end 6" diameter has more current demand thao test of the disinbution lnes,
This long section of higher diameter line 15 lechnically suitable for wnpressed
current tmethod of comosion control. Other parl is technically Gt for sacnficial
anode method.

Gas distribuiion pipe hines of Munshiganj centre! town and Mirkadim sufler
fromn water swrge of the nivers almost through ont the year. During the rainy
season thesg two parts remain under water for months logether. The resistivity
of these parts may po down than caloulated resistivity 2455 ohm-¢m. S0
sacrificial anode method is wehnologically fit for both parts. As most of the

. 3.
pipes of these lwo part are 3", 2", 1" and g dtameter surface area of all the

pipes are relatively less and current demand is relatively low compared o the 12
ki lang section. So cost of sacrificial anode method for centmt Munsigant town

and Mirkrdim business centre would be best method of comoesion contral.
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5.1 Improved System Design

It is evident from the analysis in the previous chepter that existing single drain point
based impressed current method for the compasite area like Munshigon; is failing to
attain its goal. The possible solutions are as follows:

{a) 3~ TR umit based impressed current system. One for long 12 km section

including the river crossing, cne for Munshipan) central town part and cne for
wirkadim pad.

{b}  Sacrificial anode system for the whole region.

(¢) Composite system: Sactificial anode sysiem for Munsiganj lown part and
Mirkadim par. Single dmin point impressed current method for tong (2 kom
section including the niver crossing.

Among these methods senial (b} is not practically and technologically feasible, because
distribution of sacrificial Mg anodes are not suitable for the nver crossing section as
Mg anodes are readily consumed up when resistivity is too low . High standard Zinc or
Alnninum allay can be effective But such types of anode are not easily available.
These ate proprielary items and involve adminisirative complicacy to procure Lengrih
of the total section is 12 km and only 1 km is the tiver crosaing. This parl consists of 8
to 12 diemeter pipes and has very large amount of surface area. So a large amount of
protective cument is required, lmpressed cument method is technologically more
suitable and econcomical for this parl. Besides this sacrificial anode method does noi
provide salisfactory resnlt ay there is change of damaging seal of casing, intrusion of
water into the casing and corrosion of both casing and oniginal pipe for river crossing
part. Thus currem requirement may be required to increase, [opressed current method
can handle this siluation by tap sctting. On (he other hand sacnificial anode method
would not be economical for a 12 km long section. Most of the part of this section is
laid close to the hichway. The possibility of variation of resistivity is less. So for this
section impressed current method is the night choice.
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Therefore either the method (a) or melhod (c) which costs less is the solution. Schematic

diagram of method (2) and (¢) are given in figure-5.1 and figure-5.2.
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Figure-5.1: Diagram of 3-TR unit system cathodic protection



_m_wa

AN2 ay) 3o ped 0My oyl 10] UIS1SAS Spoue [RID[LISES pue
TR HONDGHISIP 23 10J WISAS JUaLM passardin; paseq 3Un ¥ 1~ * uSisop wasAs susodutos Jo ureldeld |7 c-amarj
, o ¥DOW ILYEYHINY

—
—
rl

+B

LW MY A

——l' JTONY BW HLIA
MALEAS JEONY

rl WIDIHEIYS

Ja0HY BW HLIM
HILSAS MOMY
IW1DLATE NS

AH0A LN WOLLAATHLSIO 30
WAL FHYDIHSHOR

H¥OALIN HOILNEIALSIO SvD
WIOYAUIH 1—
v?
I

TfwdIONOL O

A DL 1w



109

5.2 3-TR Unit Based Impressed Sysiem Design
Current requirement caleulations for the area of each of the TR unit, calcutanion for

ground bed and coke breeze Tequirement bave been done separately.

5.2.1Calculation for design of TR- § part
Table-5.1; Prpe hng data and corrent requirement for design TR-1

Monmwnal diametcr inch & B | by Comments
Lengih up 10 September’ 2005, [ 1750 32,800 3,000 Total 3365 A
I'rojected fength up to 2025 considening Current
2625 49,200 & 500 .
5084 gruwth | [ requires.
Dtar diameter I, inch G625 8625 L2175
Surface area, it 4555 111,139 15,026
Current requiremnent using  allenualion
] .35 153
curve (o coated Lnes, A !
Design consideratipn:
(i) Soil resislivity : 2455 ohm-cm.
(iiy  Coaling conductance, g : 250 meromohisq.f.
(i)  Droving vollage at DTP ;1.5 volt
{iv)  Driving voltage change at low point of pipe hnes, AE, 0.3 volt.
(v}  Total driving voltage change (Assumplion), Al 203 wolt
15
S E.E.—A = S_G
AEr 0.3

From curve (Fipure-3.8), [4= (Chart Value) =« D Ampere

Where, [, is dramape current at DTP.

Ground hed desipn part:

0-1.7

Taking one 30A x50 volt TR set, minimum resisiance, R = =0.966 chm

Taking 10 Nos. 10" x 8" size vertical borehole with 3"x80 ™ high silicon iron anode
and spacing 10, Equation-(3.3) gives,

2485, 35x100 2455
=00z 0.002010
Ra * 00 log =0~ (2

= 0, 2946 log (437.5)
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ry
=(3,2046 x 2.0 +0.493
= 1.27 ohm

From chart {Figure-3 9.
. Multiplying factor,

- . R PP
16300 1000

R, =043 x 245
=] 05 olim
With respect 1o local seil condition the (heoretically calculated ground bed resistance is

at least 5% less than the mindmum ¢irguit TesistAnce.

S0, Minimum resistance Ryge =105 x1.03
= 1.10 ohm, which i3 50 close to minimum ¢ireuit
resislance required.

So, 10 pumbers 10'x8" anodes with 10" spacing is requared.

Checking desigm life with respect to ground bed consumption:

M=Lyxfxia
Where,
M = Weight of anode, Kg
Lt = Design life
f = Consumptton rate, Kg/ Ay,
s = T-TL unit 0wl put carrent, A

Specification of Silicon- iron anodes that are procured by TGTDCL are as follows:

{a)  Length : 60° {1500 mm)
{b) Diameter : 37 (75 mun)
{c) Net weight : 45 kg/ anode



{d)

(€)
{d)
(B
{g)

So,

Therefore, 10 anodes of 45 kg weight are requnired.

Composition.
(i) Silicon
{(iiy  Carbon

fitiy  Manganese
(ivy  Sulpher

Maximum gurrent dansity
Melal ioss
Feader cable

Cahle protector

M = 20x045x50
450 Kg.

Calcnlation of hard cokie:

Yalume of the bore hiole of the pround bed

¥on =
r =

L =

PREEY)
Radius of the hore haole tn m

Length of the bore m m

111

14.5-1525%
0.85-1.4%
0,50 - 0, 75%,

.19 Maximunt.

50 A/ m’

Maximuim 0.45 kpf Ay
50m x 10 mm,

Minimwm 300 mm sleeve at

Junctions.

Using apphied length 12 & and applied diameter 8 inch,

Vion

3.14286% (0 102)* (3.65)
0.i19 m

Density of hard ¢oke as procured by TGTDCL: 580 Kg/ m’
S0, Weight of hard coke per ground bed,

5B0x 0119 =685 Kg

Hence for 140 ground bed,

69 x 10 = 690 K required.
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5.2.2 Caleulatien Tor design of TR- I part (Munshiganj Part}

Table- 5.2" Pipe line data and cumrent requirement for TR-il part

_ _ _ . 3 1 L1 . a1 rr
Nominal pipe diameter, inch 1" : 2 3 6
Length up to September 2005, fi U600 21055 25208 9815 | 4500
Projected length up to 2025

. . FL=LY IE5E2 I7g12 20723 14230
considering 50% growth, l
Quter diameter D, inch 0,73 105 2375 15 & 625
Surface area, ft* 14614 29 RGES.OG | 2351008 | 77246,171 | 24725.40
Current requirement using

. (3 050 BCHAD D0 L2i; 2.8 42 .95
attenuation curve for coated lines, A
Total Current, A 15,95
MNote: 1. 3 Uiameter pipe lenyith have been dhstributed between Mumshigary

and Mirkadim by the ratio of the length of distribution mains.

. . . .
2. 2 diameter pipe has betn sectionglized to 30,000 I,

Total 18.%6 ampere cument is required at IEP. S0, one TR unit of 20 Amp. x 24 volt

cal he mken

Cround bed desien for TR-IT part:

Mmumuin eireuif resttance requaved:

2417

Rmm - =1.11 ochm.
20

High silicon iron verical anode bed is selected. 37 x 60" rod available 10 numbers

anode of 8 dia x 10" bore hole with spacing 10 provides resistance,
F. =127 chm.
Charl gaves; B =1.05 ohin

S0, Rypjn = 1.05 x 1.05=1.1 ghm, which is closc to mnumum circuit resistance.
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10 numbers 8 “x 10' bore hole with spacing 10 properly tampered coke breczes and one
3 x 60" high silicon iron rod in each borchole is required. Each anodc's weight is as

before 45 Kg.

Cokc breege requirement:,

{(Catenlanon as before)

690 Kg. hard cokes required for 20 years design period.

523 Calculation for design TR-LII part (MirkadimPart)

Fable-5.3: Pipe line data and current requircment calculation

Noomnal pipe diameter, 3
) E L I.lf er 3" Gir
imch
Pipe length up to
. SURGD 15327 2451 17126 750
September 2005, K.
Projected levgth up to
AU ] 34771 25684 161215

2025 f
Dutside diameter D, inch 075 1.05 375 14 6625
Surface area, ft 14985.55 77660 27506 54 2334527 2IUTE.E2
Current requirement using

, {L00+ _D0HGL00 126 2 §5+2.85 42 745
attenpuation curve , A

Total Current, A& C21EL A

Total current required: 21.81 Amp.
So, 2 TR umit of 25 Amp x 20 Voltis required.

Anode bed design:
Minimum gircuit resistance required,
Rawin = 20-17 _ 5732 olun
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Considering 3" x 60" high silicon iron 15'- 0 spacing and well tamipered coke breeze,

charl shows,

Resistance, R = D.36x(i}
1000
2455
= 0.36 % ({50 ?
= .88 ochm
S0, Ra, = 0.88x 1.08

= 0.92 ohm, which is close to mmsmum circuilt resistance 0.732

ohrn. So, the design can be used.

Hard coke requirement:
690 Kg as before,

5.3 Composile System Design

Design of Lhis part consists of:
(i) TR-1 impressed current system
{(iy  Sacrificial anode system for Munshipan| part, and
(iii)  Sacrificial anode system for Mirkadim part.

Design output of TR-1 has already found. Destpn of other parts is given below:

5.3.1 Sacrificiat anode system design for Munshiganj part
My anode would be used rather than Zn anode. Because resistivity of the area is 2455

ohm-cm. Zn anode works better when resislivity up to 1500 ohm -em.

TGTDCL, used method (Thumb rule): Calentation of My anode requirement usmg
thumb rule and Table-3.7 is used. This table is penerated for resishvity 6000-700

ohm-cm. But popularly used for other values. Here another assumption is used that for
new cily area number of anode is increased by multipiying Factor 1 5 and for old city

multiplying factor 2.0.
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Table-5.4: Anode number and spacing calculation for Munshigaw pant by using rule of

thumb,
. _i . . Actual
Diameter, Desigi Theoretical Anode | Actual Anodes Actual )
spacing,
mel Length, & | MNwnber, (17 Ib) number, length e a &
3
1 " 74400 30 60 49600 340
1 31582 16 32 21055 6380
2 37812 i 34 68 25008 376
3~ 29723 40 &0 {9815 250
a6 14250 36 72 Q500 132
Total Number of 17 1b packaged anodes 312
nceded
Design Length

Note: (i} Theoretical anods yumber

fii} Aciual mumber of anodes, n

(i)  Acual spacing

B Lengthtobe protected

= Thamretical number x M.F

mn—1

Based on Mg angde’s current out put (wsed by TGTIXCL):

ActualLength

Speciafication of the Mg anode as used by TGTDCL and other design consderations

are given below:

75% pypsum, 20% bentonite and 5% sodium

{a) Back Al : Packaged anode surrounded by standard back fill
sulphate.
(b}  Cwmrent out put capacity - 1230 Al /Kg.

{c} Yoltage out put

: } 55 ¥V with respect to Cu/CuS0, reference
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electrode,

(&)  Lead cable - 5m insulated lead wire with metal insen of alloy.
{g)  Cowposition of Mg

{i) Al 5.3%

{ii} Zn 3.0%

{Lii) Cu 0.087%

{iv) Si 0.37%

{v) Mo 1h25%

{v1) Fe - 0.005%

(vi) Ni :0.003%

{viil) P 0.03%

(i) Mg -99.155%
{0 Netweipit :5Ke, 17 1b, 32 Ibete.
(g}  Efliciency of Mg anode . 55%
{1} Utilizauon factor 1083
{i) Design lifs ;20 years
i Resistivity of soil . 2455 olun-cnL.

(k)  Coalng defects or percent of bare pipe measured by holiday defector can
be assumed at present 1 2%

{ Coating defects or percent of bare pipe measured by holiday defeclor can

b assumed afler 20 years L 6%
{m) Weight of anode 1716 (7.7 Kg)
(ny  Current density for bare portion of pipe - 20 mAAY (22 mASmY)
e 26
So, average % bure pan of pipe line in 20 years e 4%

From considerations current requirement and number of anodes can be calculated by
the foliowing equations:

(i) Current requirement = Design pipe area . % bare pipe = curmenr density

{ii) Munber of

Currentreguirenicnt = 202365 x24
anodes =

Anode scurrentoutput » Lfficiency » (rilization factor < Weightof anode



117

Table-5 5° Calculation of anode number and spacing for Munshiganj part by Mg

anode’s current cutpul

Nominal | Outside | Design Surface | Surface Current Anode | Ancde
Pipe diameter, | Length, | arca,fi’ | avea,m’ | requirement, | number | spacing
diameter, inch il. A
mch
%” 075 74400 14614.29 | 138392 122 49 1034
K 1.05 31582 | 868506 | 822.44 073 29 752
B 2375 | 37812 | 2351998 | 2227.27 196 78 328
ki 15 287723 | 2724611 | 258012 227 o0 223
6" 6625 14250 2472546 | 2363.81 208 83 116
Total Number of 17 Ib packaged anodes needed 329

5.3.2 Sacrificial anode design for Mirkadim part:

Design considerations are as before.

Table-5.6: Calculation of anode number and spacing for Mirkadim part by rules of

thumb.
Pipe diameter, Design Theoretical anade Achual Actnal Actual
inch Length, A numbcr number length | spacing it
3
1 " 76290 30 Y 50860 202
1" 28240 14 28 18827 ou7
a 44221 &0 80 29481 373
3" 25689 34 68 | 17126 256 |
ar 16125 40 80 10750 136
" Total number of 17 Ib packaged anodos needed 3i6




Rascd on Mg anede’s current output {used by TGTDCL):
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Table-5.7: Anode number and spacing calculation by Mg anode’s current outpul for

MWirkadiun part
Pipe Outside Design | Surface area, Current Anode | Actual
diameter, | diameter, | length, & m? requirement, | nuber | spacing
inch mch A ft.
3
) " 75 TH290 141908 1.25 50 1038
I 1.05 28240 73541 0,65 26 753
2" 2375 44221 200479 229 gl 28
3" 3.5 25689 2229.95 1.96 78 225
0" 0.625 10123 264951 233 93 17
Total Number of 17 1b packaged anodes needed 338
5.4 Cost Estimation for Proposed 3-TR Unit System Design
A. Foretgn material coat:
Table-5.8: Malerial cost of foreign item {FC) for 3-TR unit sysiem design
| Description Cuantity | Unit | Unit price, | Price Tk.
tem
Tk
. 3,00000.0
TR unit-t 50 Ampx30 Volt f Na. 3.00.000 o
2.50,000.0
TR ut-I1 20 Ampx24 Volt ! Na. 2.50,000 0
. 2,50,000.0
TR unit-I1i 25 Ampx?0 Yolt l ™o, 2.50,000 0
High silicon iron 3.30,000.0
3"x60"x45Kg. 30 Na. 11000
anode 0
Insularing_ioint L 11 pi No. | 12083 24166.04
Total cost {Tk.): 1154166.00
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One 30 Amp x 20 volt TR unit 15 present at Munshiganj CP station. Therefore cost
would be reduced,

Reduced cost = (1154166-2500003 = Tk, S, 04,166.00

I, Locat Material Cost:

Table-5.%: Cost of local matenial (LC) for 3-TR unit system desig.

T ——

) ) Limat price,
ltean Description Quanlity Unit - Price, TK.
*14'* diameter arl
Hard coke resistivity 50 ohm-¢m 2 Ton 5060000 | 1,60,000.00
at sitg
PV cable 16 RM PVC calle 300 m 56.00 15000 00
Anode With 30 A and 10 A
. 3 5000.00 1500000 1500000
Junction box | shunt
o Gravel for fillng ~ | -
Gravel ] 3 Cum 1500.00 4560
covering depth.
, 10¥ diameter, 4 mm
PV pipe LD m 200,00 22000.00
perforated conduit
M3 pipe 110 m 13500 14550 14850
G.1. lest )
) Wilh concrels base 97 No 3015.00 292455 00
poinls
| Cad weld . o
To [ix cable with pipe 97 No. 90.00 873000
charge
For each test points
Y cable 5 435 m 36,75 1782375
m

Total, Tk. 4,90,358.75



|

MNote, 1.

FC: Foreign Currency, LC' Local Cunency

2. Number of test poiis, considering one TP per 3000 fzet length

_ Fotal Lengthof pipeline

3000

. Constouction cosk:

Tablc- 5.10: Comstruction cost for 3-TR uwnit system design.
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D.T. and cost:

o ) . Unit price, )
Ttem Descripticn {Ouianiity Lt ™ Poce ,Tk.
) Inchudes cutting
1T Instrallation . ) 2 Mos. 10,000.00 | 20,000
Welding and Hxing
Installation Includes cable Joints
and and commection  to
) 3 Nos. 20,009 60,000
commissiomitt | both anode bed  and
g of TR units | pipe
Borehols includes installation
110 m 150000 16500000
construction of anodes 1 borehole
) 10'x10° s1ze 2 room
Construgtion
with ¥ wide | 2 Nos. 2,50.000 50000000
of CP Roomm
verandah
Tatal - Tk 7,45,000 .00

Cost af land for two CP station and 3 ground bed. One CP station exists and existing

ground bed relgeation is needed.

For two CP stations
For three ground bed 4 Katha x 3

Total land required

=2 Katha
=12 Katha.

= 14 Khala




Cost per katha land
Total land ¢ost (Tk.)

E. Total cost:
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[k

20000000 (local cost)
14x200000.00
= 28, 00006.00

It

= A+B+C+D

= Q. 04, 166.00 + 490358 75+ 7, 45,000.00+28, 00000.00
= Tk, 4939524.75

+ 10% contingency = 493952 48

Total cost; Tk. 54, 33,477.23

5.5 Cost Estimation for Proposcd Composite System Design

A Forriogn material ¢ost {FC)

Table-5 11* Cost of Forcign material {FC) tor composite system design.

item Description Quanti | Unit | Unitprice, | Price, Tk
by Tk.
TR unit 50 Amp x 50 volt 1 No. | 3,00,000.00 | 3,00,00000
T High silication ] ‘
3 x60"x45Ky, 10 Mas | . 1100060 1,10.000.00
angde
Mg, anode 17 1b packaged 667 Nos 430000 30.01,500 40
Insulating Joint (L1) 6" 2 | Nos 1206 | 24,166.00 |

Total cost, Tk. 34,11.500.00



B. Local material cost for composite system design:

Table-5.12: Cost of local materiat composile system design.
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} ! - X | Unitpnce o
Ttem Description Quantity | Unit - Price Tk.
T
1 “thameter and
Hard coke e l Ton 50,00 50,000.00
resitivity 50 ohm-cm
at site
PV cable 16 RM PVC Cable 160 m 5000 500000
Anode With 30 A and 10A
. 1 No. 5000 5000.00
Jungtion box shunt
For filling covering
Gravel 1 Cum 1500 1500.00
depth
) 107 dia, 4 jm thick
PVC pipe ) 40 m 200 8000.00
perforated conduit
] 1* dia to keep anode
M.5 Pipe ) ] N 40 m 135.00 5400.00
m slrainght posiuon
Gl test - N
. With concrete basc 97 Nos | 301500 | 29245500
points
Cad weld __ |
Ta Mx cable with pipe 97 Nos. 00.0¢ 873000
chargs
For eacl: lest poimt
PV cable 458 m 36.75 17823.75
Sm
Total, Tk 3,25,608.775



C. Construction £ost;

Table-5.13" construction cost for composile system desigh.

123

Ttetn Description V Quantity | Und | Unit price, | Price,Tk.
Tk.
i
1 Includes cutting,
17 installation . . 2 Nos. 10,000 20,000.00
welding and fixing
! Insiallaiion Includes cable jomis
and land connection to
o 1 MNos. | 20000000 | 20000000
cormumissionin | both anode bed a.m:lﬁ
gof TRunit | Pipe |
Borehole | Including msiaHation
) ) 40 m 1500500 60000.G0
construetion | of anodes in borchole
In¢ludes  excavation
Tnstallation of ﬁ of  earl, cable )
_ | 667 | Nes 30000 | 20000000
Mg anode connection and fixing
of TP
Toml: Tk 3,00,100.00
0, Cost of land:
No. CP room is required land requires for rehabititation of present ground bed.
Amount of land negded =4 Katha.
Cost of land = 4x200000
= T, 800000 04
L. Tetal cost:
A+B+C+D

Comligency . 10%

Toal cost

=34, 11,500.00+3, 2590875 + 3, 00,100.00+8, 00000.0¢

=48, 37 508.75
=Tk 48375087
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Conclusion: To mcer up the deficiency of exusting systein two new design systems
were proposed. Both of these systems were proposed for protecting the under ground
pipclines with beuer effectiveness. A cost analysis of both installation systems has been
made. Analysis does not show any marked difference in installalion cost for both
systems. Thercfore technology, local conditions and operational costs are the major
puiding foctors of decision making and choice. Propesed Design-l consists of 3 TR
units. So operational cost of Destgn- I would be more than that of design-I1 which
consists of one TR unit and galvanic anodes. [t can be simply inferred that operational
cost of Design-1] would be one-third than that of Design-1 as palvanic anodes do not

reqire any maintenance.

In the previous artictes it las been discussed about the suitability of sacrificial anode

based system for local condition .And technologically for gas distnbution network

iy A

comprises of 77 lo 3 diameter pipelines sacrilicial anode method 15 the besl So

Design- 11 is recommended as future calbodic protection of the said area But the
guestion is whether this method should adopt for next 20 years of planning or not. The
mvestment cost of the proposed system is Tk. 53, 21, 259.62, 50 a further cost-bencfit

analysis is needed.
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CHAPTER V1

COST-BENEFIT ANALYSIS

An improved cathodic prolection system has been deigned for the study area. A amount
of Tk, 53.21 lac is required for Lhe implementation of the pioject. The project cost of
Tk.5321 lac includes Tk.34.11 lac foreipn currency (FC) and Tk.15.10 lac local
cumency {LC). An ¢comomic investigation sbould makes to justfy the proposed
investment. The factors which affect project evaluation are (i) investment costs (il)
vperating cost and (i) anmual value output. Final owtput of such analysis are et

present value (NPY), benefit cost ratio {BCR) and mternal rate of retum {IRRD.

6.1 Calculation of Cost and Output Values
The system 15 runmng at natural pace with g certamn rend of operating cost and annual

value ontput. Break up of investment cosls are given u chapler V.

6.1.1 Annual value output

[t is the total revenue camed per year. 1t mcludes customer forecasting for next 20 vears,
pas consumption of each type of cusiomer, well head price ol ras, excise, BAPEX
charge and end users price for each vear.

Present customer mimnbers and consumption of the study area are given in Table-6.1.

Table- & 1- Customer mnnbers and gas consumption of Munshigani.

Manthly Yearly
Customer bype Mumber consumplion consumplion
(SCM) {MMSCM)
Caplive power 04 49919 .59
Industry 15 338212 4.05
{Comrrercial 23 32638 0.39
Domestic (Metered) 08 8769 0105
Bromestic (Bouble bumer) 3415 297603 357
Domestic (Single bumer) | 1578 120,326 1.44
Total = 5043 8,47 467 0 145

Mote; Consumption of damestic customers is cstimated rom revenue earned.
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On the basis of present price disuibution given in Table-6.2, annual value output has
been culculated and presented in Table-6.3

6.1.2 Qperating cast calculation

Operariug cost has been caleulated in rwo ways:

(1)

€

Considering the proposed invesiment would be able to stop Further deterioration
of the CP system, the Tuture operating cost would follow the present rend for
unproved CP system.

Considering no further investment for improving present insufficient CP system,
the Future operaling cost would increase progressively for leakage repainng and
pipeline rehabilitation. The value of unaccounted for gas (UFG} ts wcluded hege.

6.1.3 Break up of pperating cost

When propesed investment is made for improvement of CP sysiem operating cost arc

givet in Table-6.4. Break up of different heads are given below!

{@)

(b)

(e}

Payment of long time loan: TGTDCL has made payment of Tk, 4,690.97 lac
during the year 2002-2003, Tk.5,748.24 lac during year the 2003- 2004 and

6,805.51 lac during year 2004-2005 to various money lending agencies. Total
gas sales of (he company during year 2004-2005 is 9152 MMSCM and gas sales
of the study area during year 2004-2005 is 10.145 MMSCM. Therefore
confribution of the study arca with respect to the tong lenn loan payment is Tk.

68055 10.145=Tk. 7.54 lac in one year.
9152.4

Taxes and duties: It is considered as 50% of the forcign material procured. So
the amowat is 34.11 + 2 =11.05 Lac taka.

Man power: The man power of the study area and their yearly salary is given
in Table-6.4.



Table-6.2: Government of Bangladesh and Privale Body's Price Distribution Table (Effect from July'2005)

S| Ne. Customer Type well head Excise BAPEX End User's
{Tk.} (Tk.) (Tk.) Price{Tk.)
1 Pawer {122 1.281 D76 373
2 Indystry 0.22 2788 0.76 5,23
3 Cormimercial 022 3.588 0.76 823
|4 Damestic 022 2222 0.76 4.58

127




Table-6.3; Annual Value Qutput (Financial}

Customer Number Consumption(MMSCM) | Annual Value{Taka in Lac)
Yaar | Power | Industry | Comm | Domeasli | power Ind Caomm | Dom, Total well head BACiZE BAPEX] End User's
arcial c price
1 4 15 23 5001 059 [ 405 038 | 5115 | 1015 22.32 246 43 877 25943
2 5 17 26 5600 065 | 4.59 D44 6.50 | 1218 26.80 353.50 0.93 374.95
3 B 19 30 5900 o7 513 051 B25 | 1459 3210 504.68 1.1 53967
4 7 22 a5 B250 | 24486 | B84 0.59 g75 | 40.74 B89.63 2850 .64 310 3416 88
5 7 25 34 BB00 | 244G &7 066 | 1061 4248 93,45 3155.35 323 3750.95
6 T 28 45 7400 | 2445 | 7.56 076 | 1154 | 44 32 87.51 497 .13 337 4125. 71
7 7 30 49 B200 {24461 8.1 083 1279 | 4618 101.6¢ 3847 88 359 4520.68
8 7 33 55 BOod | 2446 8. 093 | 1404 | 4834 106,35 428348 367 500226 |
g 7 36 B0 g750 | 2446 | 9.72 1.02 | 1521 | 5040 110 &89 472123 | 383 5484 13
10 7 40 BE 10450 | 24.46 7 108 1.2 | 16.30 | 5268 115.85 F233 68 [ 4.00 6038.61
" 7 42 T2 11200 | 24.468 | 1134 | 122 | 1747 | 54.48 119.88 5852686 | 414 6504 39
12 8 45 Fi: 12900 4892 12156 | 132 | 1903} 8142 179.13 1141396 1 619 1365132
13 g 47 85 13225 4892 | 1269 | 144 | 2083 | 8368 164.08 1218068 | 6.36 1452532
14 g 48 g2 14200 | 4892 | 12.96 | 156 {22151 8559 188.28 12842.06 | 650 1529066
15 i 52 gy 15300 | 4882 1404 | 168 | 2385 | 8850 104 7O 135907.5% | 673 1647721
16 8 56 108 16400 | 4882 | 1512 | 1.B3 | 2558 | 91.45 204,19 15032.08 | 695 17725.91
17 8 &0 116 17500 | 48.52 1 18.2 1.97 | 27.25 | 54.38 207.64 1619010 | 7.17 1909027
18 8 65 125 18700 | 48921 1755 | 212 2817 | §7.76 215.06 17580.24 | 743 20541.16
19 8 69 135 19000 | 4892 | 1863 ] 228 | 31.04 | 100.88 221.93 18911.65 | 7.57 22016.51
20 B 74 148 24300 | 48.92 | 1588 | 248 | 3322 | 104.60 230.1 20561 37 | 7.95 23B37.89
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Table-6.4: present salary of the Man power (As per pay commission 2005)

Officer Staft
Employee Manager | Deputy | Assistani V' Assistant | Technician | T.C.C | Peon | Guard
Manager | Engineer | Manager
(Revenue)
1x3
WNumber 01 {1 02 02 2 i ? | (Shift
duty}
ivionthly
Salary 20,000 15,000 10,000 1000 12,000 6000 1§ 3000 ; 12000
(Tk )
Yearly
Salary 9,00,000 420,000
(Tk)

Other operating cosis are given in Tahle-6.5 on the basis of actual use in the past. Table-6.6
and ‘Table-6.7 show the calculation of leak repairing cost and pipeline replacement cost
alone with cost of UFG. These operating costs arc included when proposed improved CP

system is not undertaken Table- 6.8 shows the increased operaing cost.

6.1.4 Cost of leak repairing
Improved CP design and implementation can protect the pipe lines from further
deterioration. If 1t is not done operating cost woyld increase for increase of repairing and
maintenance Leakages of pipe lines are repaired by instailing leak repairing ciamp on the
damaged portion of pipeline. Leak repairing clamps are of two types; (i} Full circle leak
repairing clamp and (i) Half circle leak rcpairing clamp. Cost of differcnt size of leak
clamps ar¢ given in Table-6 9and Table-6.10.

Fitting and Fixing Cost of Jeak clamp: Thesc costs vary according of size of the leak and

site condition. Average cost is around Tk. 5000 per leak repair.




Table-5: Operaling Cost Considering Investment for Improved CP System

ltem Of Works Year-1 Year-2 | Year-3 | Year-4 | Year-3 Year-6 Year-7 | Year-8 Year-9
Cost Of Gas 223.30 | 267.96 | 320.98 | 896.28 | 934.56 | 975.04 | 1015.06 | 1063.48 | 1108.8
Duties And Taxes{50% of 17.08 2000 | 23.00 | 27.00 | 31.00 35 40 45 51
Payment nfl:l-{?rzg term loan 7.54 89.00 11.00 | 14.00 18.00 22 27 32 37
Manpower:Officer 9.00 10.00 | 10.00 | 1000 | 12.00 12 13 13 13
Staff: 4.20 5.00 5.00 5.00 6.00 3] £.25 6.25 6.25
"Fuel & Ellectricity 350 | 350 | 350 | 350 | 350 | 35 3.5 35 35
Maintenance 3.50 3.50 3.580 3.40 3.80 3.5 34 3.5 36
Miscellaneous {0.50 0.50 0.50 0.60 0.50 0.4 0.3 0.8 07
Total, Tk{in lac) 261.06 | 31046 | 366.48 | 94578 | 991.06 | 1035.44 | 108241 | 1135.33 | 1186.85
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t
Table-6-5 (Continued) Operating Cost Considering Investment for Improved CT' Systern

ltern OFf Works | Year-10 | Year-11 | Year-12 | Year-13 | Year-14 | Year-15 | Year-16 | Year-17 Year-18 | Year-18 | Year-20
Cost Of Gas 1158.88 1200 98 §791.24 1840.96 1882 98 1847 20118 | 2078.38 1 2150.72 | 2219.36 2304.2
Duties And 56 62 70 75 85 uz 103 125 140 160 180
Taxes{50% of
EC)
Payment of long 43 50 58 67 77 a7 98 110 122 138 160
term loan
Maﬂpgwer;ﬂﬁic 16 16 18 20 20 21 21 22 22 25 25
eE
Stafl: 7.5 7.5 7.5 8.5 3.5 G 10 11 11 12 12
Fuel & 38 38 38 3.8 35 25 38 3.8 4 4 4
Ellectneity
Maintenance X iy 3y 3.8 3.5 2.8 386 4 38 38 4
Miscellancous ov 0.8 0.8 0.8 0.8 0.9 0.8 g9 08 0.8 1
Total, Tk(in lac) 1246 66 | 120478 | 1893204 | 1856.86 | 200618 20787 21542 | 224318 | 233232 | 242506 | 2527.2
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Table-66: Ieak Repairing Cost

Nurnber Of Leakage Cost in Lac. Tk.

Year | 34" 1" 2" 3" & | 8" ] 12" | Repaiing Clamp Cost | Fiting & Fixing Cost Tota! Repairing Cost
1 120 15 12 10 g 10 1 184 T.290 974
y 133 17 15 12 110] . 0 2.04 g 80 10.94
3 151 22 18 15 o1 4] 242 10,35 1277
4 166 2B 22 18 0,0 1 2.75 11 B 14,35
5 180 30 2r 22 1] G 4] 3.07 13.00 18.07
B 156 35 3z 28 ol 1 3.53 14,55 1808
7 210 41 ar 33 110 { 3.88 15 10 19.98
8 228 45 A6 3B 111 i 4.49 18.15 22,684
g 240 &7 48 43 211 0 4 82 19,55 24 37
10 253 59 56 a1 212 0 543 2165 27.08
11 270 20 84 31 3|2 1 £.31 24.65 3086
12 286 92 a5 75 4 | 3 2 18 27.35 34 53
13 3 104 ;! B8 413 2 7.54 30.00 37.94

E 318 115 113 g9 5 | 4 2 2.82 33.00 41.82
13 339 132 124 107 § 1 5 P 987 3570 4527
16 358 147 135 117 615 3 40,40 38.55 48,85
17 379 163 149 124 g |6 3 11.38 41,85 53.21
18 402 180 167 145 101 8§ 3 12.44 45 G5 £8.09
19 427 199 158 162 121 7 4 13.74 49,85 63 68
20 453 22 205 180 14 | 7 4 14 86 84,25 69.21
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Table-6.7: Opcrating Cost for Pipe Replacement and Gas Leakage

Loss for Pipe Replacement Loss for Gas J.eakage
Year % Rehabilitation Cost, Tk in Lac Total Cons. MMCM Cost of UFG,in Lac Tk.
1 1.0 8.82 10.15 36.58
2 1.8 13.28 12.18 50.02
3 2.0 17.70 14.59 63.57
4 25 2213 40.74 187.74
3] a0 26.65 43 48 206,43
& 3.5 30.598 44,32 226.49
7 4.0 35.40 468.18 247.658
8 4.5 39.83 48 34 271,30
g 5.0 44 25 50.40 295.51
10 5.5 4£8.88 52.68 322.10
11 60 5310 54.45 346.85
12 B.5 £7.53 81.42 538 70
13 7.0 61.95 Bi.68 57466
14 7.5 66.38 8555 608.28
15 B.O 7020 g8 80 65218
16 8.5 75.23 81.45 E06.88
17 9.0 78.80 04.38 742 80
18 9.5 B4.08 97.78 754.04 |
18 10.0 88.50 100.88 844.70
20 105 0z 93 104.60 802.11
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T'able-6.8: Increascd Operating Cost When Investment for CT' Improvement is net made.

Year Operating Leak Repairing Pipeline: Cost of Total Operating Increased
Cost{Lac Tk.) Cost(Lac Tk.) | Rehabilitation Unaccounted Cost{Lac Tk.) Operating
Cost{Lac Tk Gas{Lac Tk.) Cost(Lac Tk.}
] 261.06 5.74 8,85 36.58 316.23 5517
P 210.46 10.94 13.77 50.02 38518 74.73
3 366 48 1277 17.70 §3.57 460.62 8404
4 045 78 14 35 2213 187,74 1170.00 224.22
5 891.06 16.07 26.55 206 43 1240 1 249.05
g 103544 18 Q8 30.98 226.49 1310.99 275.55
i 082.41 15.98 35.40 247 .59 1385.38 ap2.97
# 1135.33 22.98 39.83 271.30 1458.44 334 11
g 1186.85 24.37 44.25 255.51 1550.88 38413 |
10 1248 .66 27.08 48.68 32210 1644.52 307,85
11 128478 30.86 53.10 346.46 1¥25.20 430.42
12 1893 04 34.53 57 53 S38.¥0 2523.80 830.76
13 1956.96 37.04 B1.83 574 66 2631 51 574.55
14 200618 41 82 66,38 809,26 2723.64 T17 48
15 20787 45,27 T0.B0 652.19 2846.55 788.26
16 2154 2 48.85 7523 696.28 2975.26 B21.06
17 2243.16 53.21 79.685 742 80 311882 875.78
18 233232 58.08 B4.08 794.04 3268.53 836.21
19 2425.06 63.58 B8.50 B844.70 3421.85 856.79
20 25272 59.21 §2.93 a02.11 3591 45 1084.25
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Tablc- 6.9; Cost of full ¢irele leak clamp. (Rate fromm Titas as on 2002)

1335

S 2 x6” % o (2 [ et | e | e
Working Pressure, psig 100 100 100 100 100 100
Cost, Th. G40 809 (030 1200 | 1800 14400
‘Table -6.9: {Continued) Cost of full circle icak repairng clamp.
Size 297 22 [ xS [ 3Mxd2 | 47x127 | 67x127 | 8¥x12”
;’:?;ing PRSI, | 150 | 100 | 160 | 10010 | 100 | 100 100
Cost, Th. 1500 | 1500 | 1600 1800 | 1800 § 2000 2000
Table -6.9: (Contnuad) Cost of full circule leak repanning clamp.
Size | 1o xizv 12127 |47 X127 | o k127 | 8"xi27 | 127x127
Working
Pressure.psig 104 100 153 150 0 3600
Cost, Tk. 2500 2700 2500 3000 5000 -
—_ ek S (R E ST o
Table~ 6.10: Cost of haif circle lcak repainog clamp
Size %xﬁ" %xﬁ*" I %}{12” PO | ivxl2Y | k12| 2VRISTO| 3VxI2T | 47xI2T I
Working T
PICSSUE, L{H) 100 [1214] 100 LOG 100 100 100 100 .
psig
Cost, Tk, | 600 |} 600 60 8001 600 600 700 1000 | 1400
Table-6.10: {Continued) Cost of hall circle leak repaining clamp.
Size 6"x12" arx12 107 x12" 1277x12" 127x12"
Working
Pressure, 100 100 100 100 150
Psig
Cost, Tk. 2000 2000 2000 2400 3500




Table- 6.11: Cost of total pipe line up to 2005,
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Pipc cost Laying cost
Diameter Length (m} Ratefm Cost Rate/m Cost Total cost.
(Tk} | (LacTk) (Tk) {Lac Tk} {Lac Tk)
3. 45973 95 43.67 135 62.06 105.73
&4
I 18230 135 24.62 250 45.60 70.22
2 25010 270 67.52 250 6252 130.04
3 16903 405 68.45 250 42.25 110.7
6" 10061 1100 Ho.67 250 25.12 13579
& 15630 1550 2325 250 37.50 270,00
12" 1372 §10 11.11 1200 16.92 27.53

Total = Tk. 850.01 Lac.




137

6.1.5 Pipe line replacement cost

This cost has been calculated assuming presently 1% mpe line replacement requires and the
amount of pipe linc replacement increases at the rate of O 5% per year for the existing CP system.
Tolal cost of pipeling up to the year 2025 is required for calculating increased operating cost for
pipe replacement when CP is kepl as it is at present. Table- 6.11 gives pipe line cost of the study

ared,

6.1.6 Cost of unaccounted for gas (UFG)

The study area purchased 0.5765 MMSCM gas and sold (.53 MMSCM during August’ 2005.
That is system loss or UFG is 7.18%. Considering increment of 5% UFG of the present rate per
year cost has been calculated. The rate of one cubic meter of gas has taken as weighted average

sefling price of one cubic meler gas,

6.2 Finacial Analyiss

The objective of project evaluation s to observe the ifluence of investment for implementing
the proposed improved calthodic protection system. Another aim is to gifferentiale between
return earned when investinent for improved system is made and when it 15 not made. Computing
the desired net present vatue {NPV), benefit cost ratio (BCR) and internal rale of return (IRR} is

mmperiant for this assessment.

Net present value (NPY): 1t is the difference between the present value of cash inflows and the

present value of the cash outflows penerated by the investment, aud discounted at the assumed

hurdle rate {Mininium acceptable rate of return),

Benefit cost ratio (BCR) : 1t is the mtio of total benelit to total cost at a particular discount rale.

Internal rate of return {ERR): IRR of a cash Aow is the discount rate at which the prescnt value

of the cash Aow is zero. The concept IRR determines a discount factor which becomes the “yard
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stick’. IRR measures (he ellective rate of return carned by an investment as though the money
had been Ioaned at that rate.

6.2.1 BCR, NPV and IRR when investment is not made

For calculation of BCR and NPV when investment is not made for CP improvement data have
been tabulated in Table- 6.12. Discount faclor has been calculated at an allowable discount rale
of 15%. From Table - 6.12 discounled total cost 1s Tk.8092.61 lac and discounted tolal benefit is
Tk. 36423.30 lac.

Yotaf Banefit _ 36423.30 _4.005
FotalCost G(92.61

Benefit cost Ratie (BCR) =

And net present valuc (NPY)= Total bonefit- Total cost
= 36423 30-9092.61
=Tk. 27330.69 Lac.

Data is tabutated in Table- 6.13 for calculating IRH.

NPV atLDF }-{HDE — LDF]
[NPV atLDF — NPV at HDF

IRR: LDE +

jo 334693814 -13]
3346938 - 30205.74

=23.25

Wherce,
LDF = Lower discount facfor
HDF = Higher discount factor.
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6.2.2 BCR, NPV and IRR when investment is made for CP improvement

For calculation dats are tabulated in Table- .14 .Cost and bencfit are discounted at 15% as
before total discounted cost is Tk.7008.9% Lac and total discount benefit is Tk.36423.30 Lac.

Thercfore,

_ Total Benfit _ 3642330 (o

HCR = =2
Tl Cost TO0OR 59

NPV =364233-7008 99= Tk. 2941431 Lac.

IRR has been calculated (rom data Table- 6,15,

(NPVattDF) [HDF - LDF) _ .. 35945271413} _ ..
[NPV at LDF — NPV arHDF] 3594527 - 32473.91

IRR: LDF +

6.3 Comparison

Financial analysis shows that the proposed investment of Tk. 53.21 Lac for improvement of CP
system brings more return than keeping the system unchanged. If improvement is not made
operating cost would increase for deterioration of the system. BCR, NPV and IRR for improved
system are higher than cxisting system. The nct cash payment curve in Figure-6.1 shows the
return of improved system is much higher which markedly supersedes the investment cost. On
the other hand duc to increased operational cost cash payout of existing system has dropped
initially. But future sales planning has balanced it in the latier years. Tn the net cash payout curve
two sudden jnmps are seen. These jumps indicate a large amount of retumn for a large volume of
gus sales, which is a prediction assuming establishment of two separale powcr planis at
Munshiganj within next 20 years. Though it is hard to sale as pianned, but in reality socio-
cconomic condition of a region is developed when such a kind of planning is matenalized. On
the other hand enforcing care on CP systetn would ensure smooth and trouble free suppiy to the
customers. Therefore investment for improvement of the existing CP system ol Munshigany pas

distribution network is justified.



Table-6.12:Financial analysis (NPV, BCR) when investment is not made for CP improvement.

Investment | Operating Total Discount Factor | Total Discounted Total Discouted
Year Cost Cost Cost Total Benefit @ 13% Cost Benefit
1 0 316.23 316.23 250.43 1 316.23 259.43
2 0 385.19 385.19 374.95 {.8656 334.96 326.08
3 0 480.52 | 460562 539.67 0.7561 348.20 408.04
4 Q 1170.00 | 1170.00 34186.692 0.6575 760.28 2245.47
S 0 1240.11 | 1240.11 37560.95 0.5718 709.09 2144.79
& 0 1310.98 ) 1310.89 4125.71 0.4972 651.82 20581.30
7 0 1385.38 | 1385.38 4520.68 0.4323 598.80 1954 29
8 0 1465.44 | 1469.44 5002 .26 0.3759 552.36 1880.35
9 0 1550.98 | 1550.98 5484.13 0.3269 507.02 1792.76
10 0 1644.52 | 1544.52 6038.61 0.2843 467.54 1716.78
11 0 1725.20 | 1725.20 £504.39 0.2472 426.47 1607.89
12 0 2623.80 | 2523.80 | " 13651.32 0.2149 542.36 2933.67
13 0 2631.51 | 2631.51 14525.32 0.1869 491.83 2714.78
14 0 2723.64 | 272364 15260.66 0.1625 442.59 2484.73
15 0 2846.06 | 2846.96 16477.21 0.1413 402.28 2328.23
- 16 0 2975.26 | 2975.26 17725.91 0.1228 365.66 2178.51
17 0 3118.92 | 3118.92 19010.27 0.1088 333.41 2032.20
18 0 3268.53 | 3268.53 20541.16 0.0929 303.865 1008.27
19 0 3421.85 | 3421.85 22016.51 0.0808 276.49 1778.93
20 0 3501.45 | 3591.45 23837.89 0.0703 252.48 1675.80
Total 9092.81 36423.30
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Table-6.13: Financial Analysis {({RR) When Investment is not made for CP Improvement.

NYP at 1Tigher THscount Factor of 14%

MVE at Lower Discount Fattor

14}

Year [nvestment Dpiratmg Total Total HMet of 1324

Cost Lost Cost Benefit Benefit Discount Factor NVF Discount Factor MYE

1 ] 316.23 318.23 259.43 -56.80 1 -56.80 1 -56.80

2 a 38518 38519 374 95 -10.24 D.a7va -5.58 0.886 -9 06

3 0 460.52 450.52 534.67 78.15 0 7655 60.81 0.7831 651.98
4 0 1470 00 117000 | 3416.682 224569 Dars 1516 52 065931 1557 18
5 o 1240.1 1240.11 3750.95 2510.84 0.5821 1486.67 05133 1538.50
& 4 1310.89 131098 | 412601 2B14.72 0.5194 1461.97 05428 1627.83
7 ] 1385.38 1385.38 | 4520.68 3135.30 (.4586 1428.44 0.4803 1505.88
8 0 1469.44 1469.44 | 500226 3532 82 0 35586 1471.71 0.4251 1501.80
g 1] 1550.98 1550.58 1 5484 13 393315 0.3506 1378.86 0.3752 14759 65
10 4] 1644 52 1644 82 | B0D38.51 4394.09 03075 135118 { 3329 1462.79
11 0 1725.20 1725.20 | 650435 4779.19 0.2697 1288 95 f).2945 1407.85
12 0 2523 80 2523.80 | 13651.32 | 11127.62 0.2388 263277 0 2807 2500.84
13 0 2531.91 263151 | 1452532 | 1189381 0.207E 24649.15 02307 2743 90
14 g 272364 272364 | 1529066 1 12EG67.02 0.1821 2288.45 0.2042 2566.1%
15 o 2846.96 | 284806 | 16477.21 | 13630.25 0.1557 2176.75 0.1807 2462.99
16 0 257526 2975268 | 1772581 | 147E0.B5 0.1401 2066.57 0.1599 2358 63
17 ] 3118.92 3118.02 | 1501027 | 15851.3% 01229 1853 05 0.1415 224883
18 0 3268 53 3268.53 | 2064116 | 1727263 0.1078 1861.9% 0.1252 2182.53
14 4] 3421.85 3421.85 | 22016 51 1855466 00946 1758 0B 01108 2060.28
20 ] 3581.45 3581.45 | 23837.89 | 20246.44 0.0528 1678.43 0.0981 18B6.18
Total TK. In la¢ 30205, 74 33489 38




Table-6.1 4: Financial analysis (NPV,BCR) when investment is made for CP improvement.

Year | Investment | Operating | Total Total | Discount Factor Total Total
Cost Cosl Cost Benefit (@ 15% Discounted Cost Discounted
Benefit
1 53.21 261 06 314.27 259.43 1 314.27 259 43
2 0 310 48 31046 374.895 05656 269.98 326.06
3 0 366 48 366.48 B39.67 0.7561 27710 408.04
4 o 845.78 94578 | 3416682 0.86573 621.85 224847
5 1] 231.06 861.06 3750 95 0.5718 oGH.6Y 2144.75
g o 1035.44 1035.44 | 412571 04572 514.82 2051.30
7 D 1082.41 1082.41 | 4520.68 0.4323 467.93 1954.29
B 0 113533 1135.33 5002.26 0.3755 426.77 1880.35
g o 1186.85 1186.85 | 548413 0 3268 387 58 1792.78
10 o 1245.66 1246685 | 6038 61 0.2843 354.43 1716.78
11 1] 1294.78 129478 | 6504 38 0.2472 320.07 1607 .89
12 G 1893.04 1893.04 | 1365132 0.2149 408.81 2933.67
13 a 1956.96 1956.896 | 14525.32 {.1865 gETE 2714.78
14 0 200618 2006.18 | 15280.66 01825 326 00 248473
15 g 2078.7 20737 | 1847721 01413 293.72 2328.23
16 0 2154 2 21542 | 1772591 0.1229 264.75 2178 B1
17 o 224318 224316 | 1801027 0.1069 239.789 2003220
18 0 2332.32 233232 | 20541.18 {0825 216 67 1908.27
19 _D 2425.08 242508 | 22016.51 0 agna 185.54 1778.93
20 ] 2527.2 2527.2 | 23B37.89 0.0703 17766 1675 80
Total, Tk in lag 7008.59 38423.30
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Table-6.15:Financial analysis (IRR) when investment is made for CP improvement.

Year | Investment | Operating Motal Total Net NPV At Higher " NPV at Lower
Cost Cost Cost Benefit Bencfit Discount Rate of 14% Discount Rate of
13%
Erscownt NPV Digeount NPV
Factor Faclor
i 53.21 261,08 314 27 259,43 -54.84 1 =54 B4 1 -54 84 |

L_ 2 0 310 46 310 46 374.95 B4 45 0.8772 56,57 {0 885 57 07

| 3 0 J66 48 355,48 53967 173,19 0 76585 133 27 0.7831 135,63
4 _ Q@ 445.78 945 78 3416.692 2470912 Q675 1667 87 0B93 | 1712.50
5 g 8491.08 951.06 370,95 27558 BG 0.5821 163413 06133 16482 64

& 0 1035.44 1035.44 4126 71 304027 05154 1605 09 3.5428 1677.40

7 0 1082.41 1082 41 452068 J438.27 0.4556 156648 04803 1651.40
5] 0 1135.33 113533 002 24 386693 0 3995 164523 04261 1643 83

g O 1185.85 188,85 5484 13 4257.28 03508 1500 63 {3762 1616,64
1) 8] 1246 68 1246 66 B038.61 4791 85 0.3075 1473.52 {3329 1565 24
11 0 1294 78 1284 78 6504 39 5209 61 02607 140503 02946 153475
12 _H_El 189304 1893.04 13651.32 1175828 023866 2782 01 0.2607 065,38
13 0 1956 86 1956, 56 14525 32 12668 38 02078 260518 02307 2859 62
T4 0 Z006.18 2006,18 15250 .66 1328448 01821 241810 G.2042 2712 65
15 0 20787 20787 18477.21 14308 &1 {.1587 £2859.44 0.1307 2801 81
16 a 21542 21542 17725891 15571 71 {1401 218160 01589 2485 82
17 0 224316 224316 18010 27 16767.11 01229 2060.68 0.1415 2372.05
18 o] 233232 233232 2054116 18208 54 1078 15962.91 01252 227875
19 ] 2425.06 2425.06 22018 31 15591.45 0 0946 185335 0.1108 217073
20 0 2527 2 2527.2 23837.88 2131069 0.0829 1766.66 0 0981 2080 68
Total 32473.91 35945 27
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CHAPTER VII

CONCLUSIONS AND RECOMMENDATIONS

The study shows that the existing corrosion contro] system is insufficient and not working
properly. The rectifier of the existing impressed current cathodic prolection system is
under sized and ground bed is almost consumed up. Thercfore corrusion in some places
have initiated, which is causing leakage and supply interruption. Disruption of supply due
to corrosion not only causes inconvenience to the customers but aiso affects the image of
the operating company. For the operating company operational safety and profilabiiity are
very important. Environmental considerations are also no Jess important. The gas emission

increases loss to the operating company.

An improved corrosion control system has been desiyned for reducing supply interruption,
money loss due to leakage caused by corrosion and accident. The improved system is a
gomposite one, which includes both impressed current system and sacn ficial anode system.
The impressed current system of corroston control has been adopted for the region where
sofl resistivity is high, pipes are of large dimmelers and areas are not flooded. The
sacrificial anode method has been used for congested town region where soil resislivity is

relatively low, pipes are of smaller diameters and areas are flooded very frequently.

Determination of current rcguirement s very imporiant for optimum design of cathodic
proteciion. There is a subsiantia} difference between current requirement of bare pipe and
coated pipe. Usage of coating has reduced current requicement to a mimimum value and has
made corrosion conlrol cost eflective. In this study current requirements have been
determined in various ways. Comparing output of each  method with others, curent

requirement was finajized,

For implementing the improved cathodic protection system an investment of Tk. 53.21 Lac

is required. Financial enalysis shows that BCR and IRR of the improved project are 5.19
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and 23.35 and respectively, Whercas BCR and IRR of the existing system are 4.003 and

23.23 respectively. Net present value of the improved system and existing system are Tk.
35941.31 Lac and Tk.27330.69 Lac. So the investment Is viabic.

Recommendations: For designing a more effective corrosion control syslem the following

factors are recommended:-

10.

.

12
13.

14,

Before desiyming the system field survey for current requirement and potential
survey must be conducted.

For corosion control system design, coating defects must be determined.
Horizontal and vertical resistivity of the scil should be measured at cerlam nterval.
Measurements of effective electrical resistance of coating on the pipeline should be
done.

Bell hole examinations for ¢vidence of cormsion activity should be done.

Use of recording instruments for study ol stray current or any other unslable
condition.

Acidity or alkalinity of the soil environment must be determined.

Determination of conditions suitable for anacrobic bactental corrosion is required.
Considerations of logistical and technological  adequacy and effectiveness of
existing re-active maintenance system should be done,

Intreduction of computerized maintenance system and execution of cost effective

pro-active maintcnance including safest and promptest customer service should be

done,
Evaluation -of socio-cullural awarcness level and launching of an awareness

program about gas safety and network damage should be conducted.
The leakape loss due to corrosion is required to quantify accurately.
The study can be performed for the whole gas distribution network of Bangladesh.

A more detail economic analysis should be conducied.
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