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ABSTRACT

Ashugany-Bakhrabad-Demia pipeline is operated by Gas l'ransmission Company Limited
{(GTCL) and it carries almost 40% ol the matural gas from North Eastern part to central
region i.e. Dhaka region of Bangladesh. The pipeline length is 130 km and diameter
vares from 30 inches to 20 inches. I'rom operational point of view if is very important to
study the flow bchavior and pressure profile as it supply zas to many Important
installations like power plants, lertiliver (actory and other mdustries. Multiphase flow
variables are key parameters for studying the flow pattern in terms of Two-Phase flow.
Before studying the two phase flow in this pipeline, measurement ol condensate {ur cach
Mevw rates at dillerent focations arc impormant.

The ohjective ol this work is to investignte multiphase flow in Ahuganj-Bakhrabad-
Demral ABLY) pipeline with the data provided by GTCL. In this thesis, theoretical amount
ol condensate pencrated was calculated by the Flash and Heat Balance method by
assuming that gas composilions were not changed significant]ly over a period of time.
Then the predicted condensate values were compared wilh the measured values given by
the G'1CL and found Flash method calculated the volume of condensate with 25% error.
A trend analysis was dooc and found that flash correlation predicts the measured trend
better than other correlation Then measured condensate values collected from GTCL
were used to caleulate the Two-Phase Now parameters. Here Laite] and Duckler shatilied
equilibrium made] fur horizontal and near horizental pipes was wsed. Flow patieris tor
dillerent pipc scpments were evaluated on the basis of Taite! and Duckler model
Stratified Flow pattern was found in every section ol the pipe. After establishing the Now
pattern. suitable pressure predicting correlations were identified [or Twe Phase and
Single phase flow [rom the hterature,

Pressure calculation by various methods (Marching Algorithm, Weymouth, Panhandle A,
Panhandle B and by Fekele Sullware) were done for each segments. Companison botween
caleutaled pressure and measured pressure data gave a elear idea about application of the
correlelions and limiting factors. Error analysis was done for different conrelation to find
a suitable correlation for a scement of the pipe. No single correlation found best for the
enter length of the pipe. Panbandic B was found the best performing pressure correlations
for Seyment-1. Scgment-2 where absolute average error values for all the corrclations
were bess than 5%.
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CHAPTER 1
INTRODUCTION

'| ransporting natural gas through pipeline is the casiest means lo transfer it from one location
to further distant locations. Pipelines carrying natural gas usually buried underground and
operate under higher pressure. Other means of transporting natural gas are liquefied form that
is known as LNG (Liquefied Natural Gas) and hydrate form where gas is allowed to mix with
water to form hydrate. Hydrate form is still under experimental stage. LNG and Hydrate
requires huge capital invesiment and moderate operating cost. In contrary, gas pipeline nceds

hupe initial cost but operating costis very low.

Since nalural gas field was discovered in 1962, at first natural gas was used in Chatlak
Cement Factory by transporting it through pipeline. Later on it was used in power generation
and [ertilizer production. In recent years it is used in industries, domestic households and
transport seclor. Bangladesh already has an established pipeline network and Ashugan;-
Bakhrabad-Demra (ABD) pipelinc is the part of main trunk linc, which operates at 1004 psig
pressure, JI mainly transports gas from northeastern part of Bangladesh to central and
southeaslern part of Bangladesh. At Bramnbara, this line divides into two paris. Onc part
goes 10 southeastern part 1.e Comilla and Chittagong and other part goes to central part i.e.
Dhuka, Gazipur and Narayanganj area. Total length of the ABD pipeline s almost 130 km
amd diamater varies from 30 to 20 inches. Most of the industries, power plant and Jertilizer
factory depend on this line. Any operation problems in this pipeline will severely affect the

power sector and the industries.

When operating parameters i.¢. flow rate, pressure and temperature changes or any operaling
condition change in the processing plants, liquid separate out from the gas slream because of
multi- component nature of natural gas and its associated phase behavior. The separated out
liguid might accumulate in ihe pipeline or carry over by the gas sircam. 11" the accumnlated
liquid amount gets higher, multiphasc flow mipht vecur in the pipeline or section of the
pipeline. This significant liquid volume {lowing simultanecusty with gas contributes o the
overall pressurc loss in pipelines. In such situatioms, the single- phasc equafions are
inapplicable for design of a pipcline and prediction of pressure losses. Two-phase flow in
pipes generally causes a sighificantly higher-pressure drop than the equivalent single-phase

flow, even though the total mass flow rates are the same. Gas Transmission Company

1 =-
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Limited (GTCL) somelime having complains about excessive condensate in pipeline gas
from her bulk customers likc power plants, fertilizer factorics and other industries, which
cause them to shutdown the plants. These require a complete understanding of the multiphasc
flow behavior in pipcline and detail study about multiphase flow parameters, [low regimes

and pressurc profiles for & pipeline or segments of the pipe.

1.1 Objeciives:

I'he objectives of the stdy are as follows:
a. Build sound knowledge about two phase llow parameters and different types of How.
b. ldentify possible condensate build-up and calculate build-np rate in ABD pipcline.
¢. Investigale the effect of condensate in gas flow in tenms of two phase flow
relationships and validate the two phase flow corrclations,
d. Investigate the cffect of pressure loss calculation by two phasc and single phasc

correlabions.

1.2 Mcthedology:

Daily production data of the dilferent gus [ields and average input to the Ashuganj Mciering
Station (AGMS) data were collected from the GTCL. This daily report contains the operation
variables like pressure, temperalure and gas (low rates. As natural gas is multi-component in
nature. one chromalographic test was done at Demra outlet point in the Petroleum and
Mineral Resource Fngineering (PMRE) luboratory. I therc is any condensale scparation-
taking place, this will have secn in the diflcrence of heavier components in chromatographic
results. Condensale production dala were collected from Tilas Gas Transmission and
Distribution Company Limiled (I'GTDCL). From flash calculation theovctical value of
condensate was caleulated and compared with the measured daia. As the amount of
condensate was determined, evaluating Two-Phase flow parameters checked its distribution
in gas phase — flow repime. I1' the flow regime sugecsts two-phase flow then “The Marching
Algorithm” caleulated pressure drop of the pipeline. ‘The single-phase cquations like
Weymouth. Panhendle A and Panhandle B also calculate pressure drop. If lemperature data
are available along the pipelive, a heat balance method could be a good check for condensate
caleulations. Later on a statistical analysis was carried out to find the best correlation for

pressure drop and condcnsalte calculation.



Ashuganj-Bakhrabad-Deinra {ABDﬁine was divided into 3 {threg)} segmenis for caleulation

purposcs. ‘Lable 1.1 gives them below.

Table 1.1: Description of ABD line,

No. of the | Name of the segment Transmission | Operating | Length, | Diameter,
segment Capacity, Maximum | km inch
MMSCFD Pressure,
Psig
1 Ashuganj Gas Metering 330 1000 40 30
Station {(AGMS) to Bangura
junction
2 Bangura junction to 425 LOG0 18.5 30
Bakhrabad
3 Bakhrabad to Demra 250 400 68.72 20

From the above table, it is clear thal; transmitted amount of gas exceeds the lransmission

capacity of the first two {2} segments, where transmitted amount of gas becomes onc-gighth

of the available capacily of pas in segment 3.

On the next page, Figure 1.1 shows the schematic view ol the ABD pipeline, where major

input and ourput were shown only. Pipeline was assumed straight line and undulation of

pipeline was ignored.
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Fig 1.1: The Schematic Diagram of Ashuganj Bakhrabad and Demnrs pipeline.



CHAPTER 2
LITERATURE REVIEW

The two-phase Mow occurs in a pipe when hwo phases flow thorough the pipe and the phases
tend to separate because of their difference in densiry and viscosily. Shear stresses at the pipe
wall would be different for cach phase. Expansion of highly compressible gas phase ocours as
it travels a long distance pipeline with decrcasing pressure. As a result gas and liquid phases
do not trave! at the same speed; less viscous gas phase tends to move faster than hiquid phase

causing a phenomenon known as slippage.

The basis for fiuid flow calculations in pipes is conscrvation of mass, momentum and energy.
Application of these principlies allows the caleulation of changes in pressurc and temperature
with distance. The hydrodynamic behavior of two-phase systems is radically differcnt from
that of single-phasc systems. Perhaps the most distinguishing aspect of multiphase [low is the
variation in the physical distribution of the phases in the flow conduit, & characlerisiic known
as flow pattern or flow regime. During multiphase flow through pipes, the {low pattern that
exists depends on the relative magnitude of the forces that act on the fuids. Buoyancy,
turbulence, inertia, and surface tension forces vary significanlly with flow rates, pipe
dimmeter, inclipation angle, and fluid properties of the phases. Thus two-phase system nol
only exhibit represcntative true pressurc loss, but also are subjecled to mass-generation-
induced forces and inter phase forces, all of which are completely absent in single-phase
systems. Other system variables needed W define a two-phase system are liquid holdup,
phasc velocity, phase thermo physical properties, and the relative spatial distribution of the

phases known as flow regime. m

Several different flow patterns may exist in a long pipeline if there are large pressure and
temperaiure chanpes. Fspecially important parameter in two-phasc flow is the vanation in
pressure gradient with flow pattern. Before caleulating the flow pattern, one should know
how much liquid is producing in the pipcline with specific condition or change in operation
varables. Once the mass generation of liquid is known, il would be readily easier to analye

{wo-phase flow corrclations. In the later sections, essential fluid parameters are discussed in

details.



2.1 Equilibrium Constant:

For a multi-component system, such as perroleumn [luids, the composition, pressure, and
temperature uniquely define the system phase behavior. The equilibrium consiant, K;, of a
component i is delined as the ratio of the mole fraction of the component in the gas phase, ¥,
to the mole fraction of the samc component in the liquid phase, x; and exprecssed

mathematically as follows:

Ki=" (2.1)

lor ideal sobulions at low pressures (typically below 75 psia), an idcal equilibrium constant
can be derived by combining Ruzoult’s law and Dalton’s law. This can be expressed

mathematically for a fixed temperature as

= (2.2)

P

i

K=

L

Wlhere I',,= vapor pressure of component i, psia, and P = tolal system pressure, psia.

The vapor pressurc of any pure hydrocarbon is a unique function of temperature. Eg. 2.2
assumes the liquid phase behaves as an ideal solution following Dalton’s law. For a real
solution Jike hydrocarbon mixture, the equilibrium constants are not only functions of
pressure and temperature but also of the composition of the hydrocarbon phases and
assumplions used in deriving the Eq. 2.2 become unrealistic. A hydrocarbon / liquid mixture
at any point in the pipe is in equilibrium with a vapor mixture a1 the local pressurc and
temperature. Thus the equilibrium constant or K valuc depend on all these parameters.

K=[(P,T, 2} (2.3
Where Z, is the i phasc composition.
These equilibrium constants depend on the fugacity of the cach component in the each of the
phascs. Bqual fupgacity of a component in each phase implics zero net mass lransfer of that
component between the phases, resulling thermodynamic equilibrium of the phases. Thus at
thermodynamic equilibrium, fugacity of every components in each phase arc cqual.

S g 2.4)

Where, T is the fugacity, v = vapor and L = liquid phase. From the definition of the fugacily,
fugacity has a unit of pressure. Introducing vapor pressurc to represent the cscaping tendency

of moleculcs from one phasc inlo the other can modify fugacity. Fugaeity coelMicicnt, the



ratio of fugacity to system pressure, of a mixiore is thcrmodynamically vapor/ liguid

cquilibriwn. The equilibriurn constant can be found with
K ===— (2.5)

The Equation of State (EOS) defines the fugaeity coefficients for each component in each

phase.
2.2 Flash Calculations:

The multi-component flash of a liquid may be visualized as a simple distillation process using
a single equilibrium stage. Flash calculations are based on simple overall and component
molal balunce. But multi component fash calculation is very different and morc complex
than the flash evaporation of single-compunent liquid because of its overall convergence
eriterion in determining the equilibriwm constant. For a multi-component liguid, calculating
the amounts of [Jashed vapor and residual liquid in equilibrium at a given temperature and
pressure roquires a trial-and-error ilerative solution techniques. Such a calculation 13
commonly referred to as equilibrium flash caleulation. It invelves solving the Ruchford-Rice

gqation.

¥ . . z,[K,-1)
f[;} = ZLy —x,)= Zm (2.6)

YWhere:

« 2 is the molc fraction of component { in the feed liquid {assumed to be known);
« fis the fraction of feed that is vaporized, V/F;

« K, is the equilibrium constant of compaonent .

The equilibrium constants X; arc in general functions of many parameters, though the

most important is arguably temperature; they arc defined as:
1= Kimy
Where:

« %, is the mole fraction of component { in liquid phase;



sy, is the mole fraction of component { in gas phase.

Once the Rachford-Rice equation has been solved for f, the compoesitions x, and ¥, can be

immaediately calculated as

<
1+ B{K; — 1)
W= I{i L.

Ty =

The equilibrium flash of multi-component liquids is very widely uscd in petroleum refineries,
petrochemical and chemical plants and natural gas processing plants. Ilash caleulation
resulted in the molar distribution of 4 component in each phases U Detailed ealeulation was

given in the Appendix A, AZ.

2.3 Condensate Caleulation by Ieat Balance Method.

In terms of coerpy balance, transfer of energy takes place in the system [rom gaseous to
liquid phase—through liquid as # wetting phase at the pipe wall to surroundings or vice versa.
Transfer of energy occurs in (he form of hest exchange or ol acecleration. In gas pipeline
encrgy transfer is considered in the form of hcat Gas mpelines are gencrally buried
underground and wrapped with thick poly vinyl chlonde (PVC) lape, which does nol give
total insulation to the pipe. During the low of gas in the pipeline, frictional loss causcs
pressure drop due to roughness of the pipe and of the gas-liquid interface, Though gas
viscosily is low but for a long pipe scetion, pressure drop term i3 quiet signilicant resulting
changes in physical propertics. As the pressure drops, temperalure also drops which causes
heavier gas molecules to condensc. As the gas is transterred through a long pipeline,
percentage of condensable molecules gets leaner il they present sicnificantly in the gas
stream. Chromatographic analysis of gas samples at two points of the pipeline supports this

and showed a noticeable change of molar percentage for the component above Butane {Ca+).

As the pipeline is not totally insulated and represcntative icmperaturc of the mpeline is
difficult to get. Morcover pipeline does not have the provigion to measure the temperature
focally; it is convenient to use theoretical temperalure for condensate calculation. Amount of

condensate (molar {low rate) was also caleutated with the help of the equation,



Q=Y nH=n¥Cp AT
Where,
= [Heat of Condensation, n = number of meles, H= Heat of Condensation, Cp= Specific

Heat at Constant Pressure 1.

2.4 Flow Pattern Calculation:

When amount of condensate is caleulated, it is essential 10 study the effect of condensate in
terms of two-phase flow. In two-phase [ow, liquid hold up and flow patlern are the most
important parameters. Flow pattern shows the distribution of the phases in the system. Many
empirdcal correlations have been developed o predict flow paltern considering physical
properties, geometrical variables and operational parameters. All design variahles like liquid
holdup, pressure gradicnt, heat and mass transter coellicicnt, residence lime distribution efe.
strongly depend on flow paltern. Most simplistic unified flow pattern approach proposed by
Shoham {1982} was followed. In early time, liquid hold up is calculated by the considering
no slippage berween phascs. The no slip approach did not recognize two phases rather than
consider iwo phases a single homogeneous phase. Later on introducing the superiicial
velocilies recognizes the slippage introduced in the hold up caleulation and relative phase
velocily. Among all the correlations, the Taitel and Dukler Bl model is morc applicable for
steady state, fully developed Newtonian flow in horizontal and slightly inclined pipes,
namely £10°. 1ransient, entrance and exit effects can cause deviation from the predichon.

Flow pattern prediction calculation was given in Appendix A, A3

2.5 Pressurc Caleulation:

Pressure calculation for single-phase flow is based on the conservation of the mass and
momentum. Similar concept is used to calculate the two-phase pressurc drop considering shp
velocity of the phases. As two phases are invalved, the pressure caleulations are more
complicated than single phase one. Liquid hold up term and flow patierns arc frequently used
to predict the pressure drop as correctly s one could. In early days, numerous [low patlerns
were used considering the no slip and slip. Now an acceptable st of flow paftern maps are
nsed which has been developed for vertical, horizontal and upward and downward inelination
angles. For horizontal pipe Duckler ct al., Beggs and Brill and Taite] and Duckler models are

extensively used. Tn this thesis, Taite] and Duckler model is used fo predict the [low paitern



boundary and pressure gradient. Pipeline is divided into several segments and Marching
Algorithm P! technique is used for pressure drop calenlation. In two-phase flow where slip
velocity does not occur ie. stratified flow any single phase models like Wevimouth,
Panhandle A, Panhandle B cte. can be used to calculate the pressure gradient %, [n two-phase
flow, equations beeome complex and numerical analysis techniques like Iteration/ Marching
Alporithm is useful. ITn commercial softwarc like 'ekete, Panhandle — B is used for pressurc

calculations.

Table 2.5.1: Assumptions of Various Pressurc Equations.

Mo, of Name of Assumptions
Pressure Equations  Pressare Equations
1 Marching a. Two-phase liguid [low with

Algorithni/ITteration compressible gas phase under
isothermal conditions,

b. Total pipeline was divided inlo 20
(twenly) scgmenits.

a. NWo mechanical work.

5 Wevmouth
b. Isothermal Steady —State flow.
¢, Constant Gas  Compressibility
Factor.
d. No undulation.
e. Neglipible kinetic cnergy change.
f Fully trbulent flow in pipe with
diameters around NPS 36,
3 Panhandle A a. Pipe diameter from NPS 6 to NPS
24,
b. Rcynolds number greater than
300.000 with partially turbulent
flow.
4 Panhondle B Long pipelines with dismeter

preater than NP& 24,

10



No. of Name of Assumptions
Pressure Equations  Pressore Equations

Iekete Sofiware a. Singlc phaze flow  using
( Piper) Panhandle D as govemning
cquation.

b. As necessary data for Sonargaon
and Gojana lake-off points were
absent, Now ratc and pressure at
these points were merged with
Dewanbag take-off point.

Weymouth Equation :

k]
Goo= 5.6353821 (=) ( u)
P’ff R DUTﬁ

Here, ¢, in MSCFL.

Panhandlc A Equation :

- T, oo B =P osee, 1 oaws 479
G = 32.6491 ( ) (=) )
.“:- 7 ‘rﬁ ?,y l“gi}D'RI:H
Here, qs in ft'/s.
Panhandle B Equation :
153
Que = 109, _}154{ w_- )ll’ﬂ(P P )ﬂﬁl{L)DJfg'd_m“_

Here. g in ft'fs.

Morc on pressure caleulation and basic assumptions are given in Appendix A, A4,

2.6 Statistical Analyses:

Any correlation that is presented in this study should be checked slatistically in order to

phiain a quantilative measuremcnt about the accuracy of the prediction. Some basic statistical

parameters used for correlation perfurmance evaluation are average percenlage rclative ermor

11



(APRE), average absolute percentage retative ceror {AAPRE) and siandard emor of cstimate
{SEL).

Averape Percentage Relative Error (APRE):

ADRE is a measure of the relative deviation of the proedicted values {rom the cxperimental

values in the percentage. The cquation is given as follows,

Hupred =¥ exp dx100} 1

- 1 -
APRE=(D)x ¥ [ e

‘The smaller the crror is the morc cvenly distributed the posilive and negative diffcrences

between predicled and experimental values.
Average Absolute Percentage Relative Error (AAPRE):

AAPRE is the absulutc measure of the relative deviation of the predicted values from the

experimental values in the percentage. The equation is given as follows,

EYorad — Yexp }:‘IEG}] |

AAPRE=(9)x T |[ g

Standard Error of Estimate (SEE}):

SEL is the square rool of the mean square errot, which is the variance of the true residuals. Tt

is expressed as

i
==

SEL = g=(——) % [T (Y pred — Y exp) /] "

Where,
V= numbcr of independent variables
n = numbcr of data points
n-v-1 = degree of frcedom in multiple regression
(Y pred — Yexp) = true residual

A small value of standard error of estimate indicales the small deviation.

12



Chapter 3

Calculations

In caleulabions daly gas production dala were used supplied by the (V'1'CL and Condensate
production data at Demiea city gate station were collected from Titas (zas Transmission and
Distribution Company Limited {TGTDCL). As A-B-D pipeline ts the main trunk line,
numerous intakes and of tskes are present in the system. In calculations pipeline network
was simplified with considening at miakes and off takes into few major points. Effects of
valves, strainer and peometry like elbow, undulation etc were ignored. As A-B-D pipeline
opetates at high pressure, properties of gas at in-situ condition were determined at the
operating pressure snd temperature. After that cquilibrium constant (K was determined and

with this equilibrium constant value vapor to feed ratio was determined.
3.1 Physical Properties Caleulations
The physical propertics arc the important parameters for different calculahions. For

conipressible Muids physical parameters are determined at operating pressure and

temperaturc. Different properties U arc given below: -
3.1.1 Gas Solubility / Solution {zas Ratio
Solution pas ratio is the function of the pressure, temperature, specific gravity ol oil and gas. Al-

Marhoun el al. presented the correlations as follows:

Rsz(aTEle,c'l"dp)e

Where,
vo= (ias speeific gravity, .= Condensale specific gravity
I =temperature. °R , P = pressurc, psia

a= 185843208, b=1.87784

¢=-3.1437, d=-1.32637

e=1.398441

So, R,=11.417
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3.1.2. Condensute and Gas Yiscosity

The viscosity of the crude oil with dissolved gas i an important paratneter in the pressure-
loss caleulation in pipes. Condensate viscosity of dead oil is calculated by empirical
correlations, Beal's corrclation for viscosity is used here.
At firat condensate APT gravity was caleulated fromn condensate specific gravity. Condensate
Specific Gravity, v, = 0.793 and

Condensate gravity, "APT = {E_:E 131.5) = 46.9363

From Beal Correlation,

o = {032+ (ZEEER (22

u
‘-QE-'GJ

Where a =10 04+ 221
y AT

So. dead oil viscosily = 3.257415605
Salurated Condensate viscosity was calculated from Beggs and Robinson Correlation,
Lo is found by,
bo=[10.715(Rs +100) " L w
Where, b = 5.44(Rs + 150) **¢
Ko =1.810101435

(Gas viscosity was caleulated by Lee et al. correlations

¥
- L
u, =10 4Kexp]:X[6:; J ]

(9.4 +0.02M )T"
(209+198,7)

b

Wherc K =

X =35+(986/T)+001M

¥Y¥=24-02X
ps 15 the gas density at the syslem pressure and temperature, lbm/N’; T= Reservoir

temperarure, °R and Mg = apparent gas molecular weight of the gas mixture.
3.1.3. Gas density

Gas density in Ibm/fY can be determined easily by combining the real pas law with the

delinition of specific gravity.
W
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3.1.4. Gas deviation factor

Pe=2.77, ';::[
=2.473043181 Th/R°
= 135847104 kg/ m®

Nalural gas is a real pas and it deviates from Ihe ideal pas. It is an important parameter for

calculating the pas density and pas fonmation volume factor, Standing correlations to

determine the pseudo-critical pressurc and temperature were used to calculate gas deviabon

factor. For gas condensate system

1.2 Flash Calculations

- 2
7. =187+330y, 715y,

z
P, =706-517y, -11.1y,

Basis Tor Mash calculation is overall and component molal balances. Suppose F is the munber

ol motes in the feed, L. is the number of moles in liquid phase and V is the number of moles

n the vapor phase

For i component,

For liquid phase

For vapor phasc

F=L+V
L ¥
£ F

zi [ = xilAyi¥

z, —x KN —

zF-yV 0T F
Ir: =
L X
F
zr
xr =
' V
1+ —i{K, -1
(&, -1)
err
Yo =
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From the defnition of the moele fractions

le = Z—V: =1
i=1

g(y,—;:r):ﬂ
> 0-x)=2 ‘Z’(K—‘;I}ﬂ‘(i]:u

= = (X, _1)F+1 d

Equilibnum constant K valucs depend on the phase and composition. Any convergence
solution is applicable to find the solution 'Y, More details arc given in Appendix A.

For Ashuganj section the V/F value is 0.95 and other values are given in resull seclion.
3.3 Heat Balance

Whenever gas lollows through a pipeline, it looses pressure duc to frictional and elevabion
effect wilh pipe wall. This loss in pressure causes tcmperature drop, which will initiatc
condensation of heavier molecules, As the pipelines are buried to ground, they exchanges
heat wilh the surmundings. Dut the gas Mows in a very high velocity which gives a little

relention time to reach equilibrium.

3.3.1 Condcnsate Caleulation by Heat Balance:

As gas pipeline iz not totally insulated and buried underground, heat is exchanging from
syslem to surroundings. Any temperature drop duc 1o pressure drop and other operational
reasons are compensated by the surroundings. As it 1s an instanlaneous process, measurement
ol local paramelers are difficult and the rate of heat transier {tom surroundings to the pipe
wall was not measured or unknown. With high velocily of pas, theoretically cquilibrium
value of the temperature can be uscd to calculale the total heat transferred. As the temperaturc
drops, some condensable heavicr molecules condense which liberate heal ol condensation
until the system becomes equilibrium. Therefore temperature of the gas in pipeline increased

shightly. Heat caleulation is given below for Segment 1 (AGMS-Bangura): -

Total heat taken by the gas stream Q =n Y'Cp A T, {(Pate 01.02.08)

[eat given by condensable components
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(3 = Numbcr of moles x Heat of Condensation
=% nll
= _39.5 Btw/lb
AT=(12.3374-12.8659) °C = - 0.5285 °C = 4594715 ¥
> Cp=13.2762 Btwlh.F
So, Cp Al =1305.32053 Btw/lb
And, n =0.02623803 1b mole/ b mole
Basis = 100 b mole
n=2.623803 1b mole
Molecular Weight, M = 110
Mass, m= (100 x 2.623803} |b
=262,3803 Ib

Density = 50 1b/ ft’
Volume, ¥V = ? = 5.772366557 f° = 163.4551.1

Similarly, for other 2 {two} scaments, amount of condensale is found. Total amount is the

surn of three. It is 659.0175 L1 ¥,
3.4 Flow Pattern Calculation

Onee ihe amount of condensate is [igured out, it is essential to know the flow patlem of the
fluid. Flow patlerns are grouped on the basis of flow ie. horizonial or vertical. As the
pipeline is almost horizontal with little undulations due to river crossing or terrain change,
flow patterns for horizontal 1low arc checked. In flow pattern calculations, it slarts from the
stratiﬁ;:d flosww and several flow criteria and boundary conditions are checked to find accurate

Now pattern, The flow pattern calculation is given below: -

From flash caleulation for segment 1{AGMS-Bangura), V/F is 0.95

Diameter = 28.874 in =0.7334 m Pressure= 819 psig=833.7 psia
Temperature=14.8184 “C=287.8184 'R

Flow=321.3 MMSCED = 55,7160176 m’/s

In-situ Flow=0.98177884 m*/s

In-situ Ligquid Flow, g = (0.01x0.98177884) m*/s =0.0098177884 m*/s
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Tn-situ Gas Flow, qg = (0.98177884-.0008177884) m*/s = 097196105 m'/s
Liquid Density, p, = 793 ka/m’ Gas Density, pg =131.34 kg/m’
Liquid viscosity, up = 1.754 ¢p Gas viscosity, 1 = 0.016 cp

1. Calculaie superficial velocitics and superficial Reynolds numbers:

A= 2d = 0422447 Vo= £ =0.02324 mss
s AT

Vig=32 =2300788 s Req, = R‘;—ﬁ =7.705941 (laminar {low)
Re 4= 13851.42 {turbulent Now)
2. Calculate the Lockharl- Martinelli parameter and the equilibrium liquid level in the
nipe:
X*=0.002758 And. X =0.052513 and lor horizontal pipe Y=0.

3
S IO 7. L S B U - 8
k| St L Y f B
102 .
O e o e S s o e e e ::;;/,, ' -
- .'l L .
O v, {PL-pglosing. . ,‘f, f s : =l
] (dp/dx) 7 '
~, ©b= pritise 27 { -
o=
1] ——]
¥
3/&
3 r —
LI, GAS .
e TURB. TURS. ]
———TURS. LAWK —
1 3
1o° et 0wt et 1o fo*  10%

Figure 3.1: Equilibrium Liguid Level in Stratified Flow.

From Figure 3.1. dimensienless liquid hold up factor 1s hy, = 0.05, and liquid hotdop
factor is hy, =0.030667.

1. Caleulate dimensionless (tilde) variables:

Cos (20, - 1) = 2.690566 = ¥ (1-(2R;, — 1)) =0.43589
§5 = Cos (201, — 1) = 2.690566 S.=T] - S =0.451034
Ag=0.770717 AL =0.014683

V[ = 5348929 Vi = 1.019052
D,=0.130219 D= 0.9860358
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4. Cheek stratificd to non-stratificd transition criterion:

The criteria Tor stratilied o non-sitatified low s

2 iVeonEn ’
NI

r [{1— ZRL): .Y.:.‘._r} 1

=G

— o ) BC
E x(pl"nﬂ}k(x’{dgcw‘é}

)

=0.382167
0.095045773 <1

So, Now is stable and stratified flow exists,
5. Check [or stratified smooth to stratificd-wavy ransition criterion:

The crilena lor stratified smooth to stratified wavy is
K 2 2/[(¥ {V1X 8)) x V]

Where s = 0.01 and

K=Fx~ (Re,y) = 1.060879

(N (V) x 8 x V] =2.683493

K > 2.683493

Annular {A) B  Dispersed Bubble (DB}

1000 | \ 0 1
T
K 100 ¢ Intermittent (i) 0.1 oOR
| Stratified Wavy A F
10 W e 0.01
T
o . ) \\\\
1 d.r"‘:'n L Syﬁyﬁ%d S';lpl?oth [35) M il t=ub D,DD1
0001 001 01 1 10 100 1000 10000

X

Figure 3.2; Generalized Flow Pattern Map for Horizontal Flow.

From Fipure 3.2, it s clear that the (low is stratified smooth.

3.5  Pressurc Calculation:

The frictional pressure gradient in the Two-phase flow strongly depends on fluid [low
pattern. In literature there are numbers of correfations and graphs developed with air water

system for 3 1o 6 inch pipes by two-phase flow researchers. Though the gas-condensate
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system is diffcrent from air-water system, same (low pattern maps were used to identify the
flow pattern. As the Mow paltern for the gas-condensate system always remains in the
stratified repion and condensale amount is very low compared with pipe size, a single phase
pressure correlations are used here for pressurefpressurc drop caleulations. But frem the two
phase flow side marching algerilhm techmiques used with the help of Two-phase flow
parameters. In this case, the pipeline is divided into several of sections and an ilerative
procedure is used to find the solution. In this thesis, results from simple exccl application are
used to compule the pressure data, Calculation steps are shown for the marching algonthm

below:-

3.5.1 Marching Algorithm Methad (Iteration) for scgment T (AGMS-Bangura):

Gas flow rate (from daily report) = 321.3 MMSCFD=105.3032733 fi'fs
Liquid flow rate = (0.01 x 105.3031733) i¥/s = 1053031733 ft'/s

Gas density (by calculation} =127 8384833 kg/ m’

Liquid density = 793 kg/ m’

P in= 777 psig = 791.7 psia

L=40km=131233.6 ft

Digmeler = 28.874 in=0.7334 ft

131 23K
4

AL =

=1312336 10

“olt-

Pyrad = 0.0002 psia/ 1t (piven)
Ave. T=51468 "R
P = {P in— P.grad x AL} = 529.2328084 psia

Avg P.=E27ER O _ 660 4664042 psia

Reynold's Number and all physical properties are determined in this ave. 'L and I'.
Re 5 = 12.49673 (laminar Now, ¢p=¢g=16, m=n=1)
Re gg=23900.75 (turbulent flow, ¢ =cg=0.040, m=n=0.2}
fu= 0,046 (Re g, )
M= 16(Re 5.)"

'{%?) $G= i fopavsg2

=33.940525 Psia/lt

24



( )5L——ﬁ pLv st
= 4.49063694
X=+ -Ef;{fi 1=0.363743
H=1-(1+X a.s) 0378
D =(1+ E = ) C 15 a constant which depends on [low.
=41.54839
(ii—p} P @7 x {-3";) SL
= 186.5787196 Psia‘ft
5 4= G x (0 x (55 = - 0.0004936 =

Where,
WLt
G = WG
An
_ WE
WL 2 G

eV _ { - 137K :
c£r E314x T%5 A pGx pGY

T" = 186.5787196 - (. DG{]4936

TL

Or, 'd—f = 186.48667 psia/fi
. ,-dp
Pin=Pi- (_E:_ Y, dI;

= 24472525 pyty
Compare,

B2 5180} -Pida(C) 1 icg
Pidt (0]

By iteration process, final P = 578.0518 Psia. Convergence criteria was mel if two

linal values were same numbcer or within convergence criteria.

352 Weymouth Equation for segment 1{AGMS-Bangura):

Gas Flow Rate, Q = 170 MMSCFD =1967.6 1t¥/s (Date: 03.02.08)
P\ =819 psig = 833.7 psia
Diameter, d = 30 inch=2.54 It
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yE =0L575595

L =089

I'emperature, T =14.9039°C =518.827 R
Pee = 14.7 psia

Length. I =40 kun = 1312336 41

Ty =520R

Area, A =4.90875 £

Velocity, v= %— = 400,833 {t/s

Re = {dvp)/n = 5416032658 (smooth pipe)
Friction Factor, [=0.0128 {from curve)

So. (Py* — P2 =13369.61127

Or, P> = 681686.08

Or, Py = 825,64 psia (imeasured value is 854.7 psia).

353 Panhandle A Equation for segpment 1{AGMS-Bangura):

Gas Flow Rate, Q = 294.95 MMSCID =3413.74 11%/s (Dale: 01.02.08)
Py =777 psig=791.7 psia

Diameter. d=30inch =254 [

v = 0.575595

Ly =088

Temperalure, T = 14,9030 °C = 518827 R

P =14.7 psia

Length, T. =40 km = 131233.6 it

I.=53201

W, =0.0110125 cp

Se, P> =717.1473 psia (measured value is 784.7 psia).

354 TI'anhandlc B Equation for sepment 1{AGMS-Bangura):

Gas Flow Rate, = 294.95 MMSCFI> =3413.74 ft*/s {Date: (1.02.08)
Py =777 psig=791.7 psia
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Diameter, d =30 inch = 2.54 i
e =10.575505

Za =088

Temperature, T = 14,9039 "C =518 827 R
P, =147 psia

Length, L =40 kin = 131233.4 1t

Tee =520R

e = 0.0110125 cp
Areq, A = 4.90875 n?

Velocity. v = -Q? = 757575 fi/s
r

Ro= 22 —10236301.72 (smooth pipe)
At

8o, Py = 789,473 psia (mcasured value is 784.7 psia).
3.6 Error Calculation:

Anerage FPercentape Relative Error (APRE). Absolute Average Percenlage Relative Error
(AAPRE) and Standard Eror of Estimate (SEE) werc caleulated for condensate calculation
and pressure calculation.

All these values are caleulated for Segmoent 1 {(Ashuganj- Bangura) by using Panhandle A
equation at 01.02.08.

1 ipead = ¥ exp dEi0G}
APRE = () x T | P08 e duitd

= 1348 %

(Ypred — Y axp Ialch

AAPRE= () x T | [{=E5 2 1l
= 17.64 %
SEE=o6=(—— x| T (Y pred - Yexp) 2 1%

n-o—1
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Chapter 4
Resufis and Discussion

4.1  Physical Properties Caleulation:

In Two Phase flow, physical properties at different Now conditions are very important
purameters for flow patiern and pressure drop calculations. As the pressurc varies along the
length of the pipeline, physical properties also change. Here condensate and pas physical

properties are given in the Table 4.1 tor segment 1 (AGMS-Bangura) al operating prossure

and temperature conditions,

Table 4.1: Physical properties for segment 1{AGMS-Bangura).

Dage Gas Solability, | Oil Viscosity, | Gas Density, (zas
(SCI/bbI) (ep) {Kg/m®*) Viscosity,
(e)
01.02.08 102.343 1.874 121.84 {.1564
{2.02.08 1039117 1.754 131.34 0.01593
03.02.08 109.6922 1.803 134.4060 0.01607
05.02.08 104.5982 1.874 130,1358 0.01577
06.02.08 105.209 1.9364 130.1172 0.01573
0702 % 1049385 1.92 128936 0.01573
08.02 .08 102.6985 1.933 127.957 0.0156
0e.02.08 105.7041 1,775 131.083 0.0124
10.02.08 1044752 1.8922 128.515 0.0158
11.02.08 103 7461 1.8975 127 873 0.011886
12.02.08 103.5722 I.§7485 128.904 0.0157
13.02.08 105.0785 1.879 130.189 0.015772
14.02.08 106.03108 1.87935 131.25 0.015834
15.02 08 16,3198 1.856143 131.3357 (.0158564
16.02.08 112.5922 1.7283 137.148 0.016302
17.02.08 106.9364 1.84443 131.905 0015898
18.02.08 107.3815 1.8347 132.32 0.01323
19.02.08 106,181 1.85999 131.2038 0.01584
20.02.08 106.645 1.81658 131.7511 0.0159098
| 21.02.08 10)4.692 1.8507 129.931 0.01571

Fluid physical properties for scgment 2 and Segment 3 are given in the Appendix B.
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4.2 Condensate Caleulations:

Condensate velume was calculated in this thesis by two methods i.e. by Nash caleulation and
heat balance mcthod, Condensate volume was calculated for the cntire pipe by these two

methods and caleulated values were compared with the measured values for the scpment 3.

4.2.1 Flash Method:

Flash calculation prediels how many moles are in gaseous phasc of tolal moles in {eed. The
number of moles of liquid is converted 1o the liguid volume by multiplying with liquid
specific molar volume. With the help of equations as stated earlier, flash calculation was

performed 1o difTerent sections of the pipe and results are piven below Table 4.2,

Tablc 4.2 Flash Calculation (¥/F) results.

Name of segment | V/F

Ashupang (.95
BKB 0.992
Demea .99

Once the ratio of vapor phase moles to lotal moles (V/F) 15 known then liquid moles are

calculated and Liguid volume is determined,

4.2.2 Heat Balance Method:

In heat balance method, the physies lics in condensation as follows. When pressure in gas
pipeline drops due to friction or elevation the {emperaiure alse drops. If temperature and
pressure drops, the equilibrium also changes to a new point. If equilibrium chimges the vapor
and liquid volume also changes. In ideal case, condensation process hiberates heat itself and
gas stream takes (he heat and reaches to equilibrium. As the underground gas pipe lines arc
not fully insulted i exchanpe heat with the surroundings. In Table 4.3, calcolated values of
condensate by (lash method and heat balance method were given {or segment 1 and scgment

2. As these two segments did nol have any mcasured condensate vales, comparison belween
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measured and calculated values could not be made. For segment 3 {Bakhrabad- Demra)

condensate dala were collected from the Tilas Gas Transmission and Distribution Company

Ltd.

Table 4.3: Caleulated condensate values by flash and heat balance method,

Date (as Flow Rate Flash Method Heat Balance
(MMSCFIN (Liter/day) {Liter/day)
Segment 1 | Segment 2 | Segment 1 | Segment2 | Scgment ] | Segment 2

01.02.08 Jt7.05 67.19 8870.473 2025.670 134.56 248.35
03.02.08 170 66.43 4528232 1722.935 134.157 229814
05.02.08 2958 67.72 7927.362 5385.867 163.517 245,929
06.02.08 323 9734 B2040. 085 2675675 134.564 554 457
07.02.08 317.05 67.1% 8259.186 1695.298 133.236 249.32
08.02.08 316.2 69.64 8382.438 1942.595 137.643 275878
09.02.08 277.1 0.4 71845.587 880.126 131.745 226.03
10.02 .08 309.4 70.63 8248.696 2878.317 139.155 261.06
11.02.08 3213 82.23 8608.961 2350.153 139.155 261.06
2.02.08 306 70.3 8334.460 1535.454 135.785 249108
13.02.08 3179 70.24 3486.160 2286.656 136.128 256.364
14.02.08 31703 70,22 2345 820 1927 3849 137.6 2657727
15.02.08 307.7 70,19 8220.761 1707.233 136.108 254.2

17.02.08 285.05 70.24 7214.176 2381.6G97 135.378 245.456
18.02.08 290.7 70.24 7566816 2165.434 135095 236.472
19.02 08 208.35 7023 7781.248 2147.093 136.635 250,325
20.02.08 2958 70.17 7963.638 1893.837 133.057 232.9

21.02.08 297.5 016 B076.363 2023374 137.5 246.19

Comparison of the calculaied condensate values were made with the measured values. All

these values are given in Tablc 4.4,
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Table 4.4: Comparivon of ¢alcnlated condensate values for Segment 3 (BKB-Demra).

Date (Gas Flow Measured Flash Methed Heat Balance
Rate (Liter/day) (Liter/day) Method (Liter/day)
(MMSCFD)
01.02.08 210.031 ROO 1362.529 554,457
03.02.08 14,72 1000 85.38 562.533
05.02.08 171,525 1400 1159.874 559.278
06.02.08 204.367 600 1336.343 554.457
07.02.08 223.091 14G0O 1426.297 608.2
08.62.08 208.314 2000 1282.264 547,809
{9.02.08 178.845 1800 1248.757 56511
10,0208 211,86 1200 1356.831 551.7
11.02.08 222.005 1200 1450.597 551.7
12.02.08 177.502 1200 1184.399 557416
13.02.08 189.595 1460 1224 985 553.08
14.02.08 201.237 1260 1278.065 551.211
15.02.08 201.7 2000 1307.681 554,78
17.02.08 169.953 2000 1114.556 593,067
18.02.08 157.045 2000 1071.447 560.034
19.02.08 165.559 2000 1090.956 605.174
20,02.08 167.084 1500 1140.162 560.876
21.02.08 198.811 2400 1318.668 596.5
3600 Total Condensate vs. Date
Y5)) - — e e
U
£ 0o -
j‘ ——heat
E L300 balance
£ 1000 -
s ——fash
S S meihodd
i — T T
FEEEEEEPEEEEE-EES R
2924285888828 :58¢2¢
S TELELEEEC UL LR ER
Date

Figure 4.1: Total Condensate (liter) vs. Date for Segment 3 (BKB-Demra).
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Measured values and calculated condensate values are shown in Figure 4.1, From the fipurc
4.1, condensate values from flash caleulations are changing from 1000 to 1400 liters where as
megsured condensale values vary from 8060 to 2300 liters. 1n heat batance method, calculated
values ol condensate is almost 300 w 400 liters and values are almost constant i.e no vadation
with the gas flow rates. Avcrage Percentage Relative Hrror (APRE), Absolule Percentape
Relative Error {AAPRFE) and Standard Leror of Estimate (SEE) were calculated for {lash and

heat balance method and presented in the Table 4.5.

Tabte 4.5: Condensate error calculation for Segment 3 (BKB-Demra).

Date Condensate, Liter APRE AAFRE
Mecasu Heat Flash method Flash, Heat
red Balance Lleat me¢thod | balance | Flash

halance method
01.02.08 | K00 554.457 1362529 -30.693 | 70.3162 | 30.6929 | 703162
03.02.08 | 10600 362,533 5.3 43747 | -91.462 | 437467 | 91 462
05.02.08 | 1400 559,278 1159.874 -00.052 | -17.152 | 60.0510 | 171518
06.02.08 | 600 554.457 1336.34 =7.5905 | 122,724 | 7.5905 | 122.724
07.02.08 | 1400 608.2 1426.297 -56.557 | 1.87837 | 56.5571 | 1.87837
080208 | 2000 | 547809 1282.263 -72.61 -35.887 | 72.6096 | 35.8868
09.02.08 | 1800 565.11 1248.756 -68.605 | -30.625 | 68605 [ 3{.6246
10.02.08 | 1200 551.7 1356.831 -54.025 | 13.0693 | 54.025 | 13.0693
11.02.08 { 1200 551.7 145().596 -54.025 | 20.883] 54.025 | 20.8831
12.02.08 | 1200 | 557.416 1184.398 -53.549 | -1.3001 | 335487 | 1.30009
13.02.08 | 1400 553.08 1224 985 -60.494 | -12.501 | 60,4943 § 12.5011
14.02.08 | 1200 551.211 1278.065 -54.066 | 6.50543 | 540058 | 6.50543
15.02.08 | 2000 554.78 1307.681 72261 | 3461a | 72261 | 346139
17.02.08 | 2000 | 593.067 1114.555 70347 | 442772 | 703467 | 44.2722
18.02.08 | 2000 560034 1071.446 -71.958 | 46428 | 719983 | 464277
19.02.08 | 2000 | 605.174 1090.956 -69.741 | -45452 | 697413 | 454522
20.02.08 | 1500 | 560.876 1140162 -62.608 | -23.980 | 62.6083 | 23.9892
ZL02.08 | 2400 59405 1318.668 75146 | -45.055 | 75,1458 | 45.0355

APRE AAPRR
-57.673 [ -10.74 | 57.673 | 36.895

SEE

164.949 | 97.623

‘The AAPRE and SEE values for heat balance and flash methods were 57.673% & 164.949
and 36.893 % & 92 623 respectively. APRE values by flash and heat balance methods were
presented in the Fig-4.2. lrom the sialistical pararneter amalysis, it was found thal llash

melhod predicted the condensate values more closely than heat balance methods for
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Segment-3. But this comparison was not done for Segments -1 & 2 due to

measured condensate data.
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Figure 4.2: APRE comparison for condensate (Calculated by Heat Balance and Flash
Method) vs. Date.

Trend analysis defines the change in ouiput with the change of any input parameter. Here
Trend analysiz was done for three values i.e. measured values, flash method and heat balance
methods with time. All calculated trend anelysis values were presented in Lthe Table 4.6, The
graph for trend analysis wes given in the Figure 4.3. From the Fig 4.3, trend analysis of
measured valies gave an almost ainusoidal curve wilth high amplitudes. The flash methed

frend elso illusiraled the same sinusoidal wave like shape but with low amplimde.

Table 4.6: Condensate Trend Analysis for Segment 3 (BKB-Demma).

Heat Flash | AMeasured/ | A Heat A Flash
Measured | balance Method A day balancef method/
Date Liter Liter Liter Aday A day
D1.02.08 800 554457 1362.53 0 0 0
03.02.08 1006 562.533 85.38 200 8.076 -1277.1
05.02.08 1400 559.278 1160 400 -3.255 1074.494
06.62.08 600 554 457 1336.4 -800 4521 176.4692
07.02.08 1400 6082 1426.3 800 53.743 89.95367
08.02.08 2000 547.800 128226 60D -60.391 -144.033
09.02.08 180G 565.11 1248.75 -200 17.301 -33.5071
10.02.08 1200 551.7 1356.83 -600 -13.41 108.0747
11.02.08 1200 551.7 1450.6 0 ] 03.76552
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Heat Flash A Measured/ A Hent A Flash
Measured | balance Mcthod A day balsnce/ method/
Date Liter Liter Liter Aday A day

12.02.08 1200 557.416 1184.4 0 5.716 -266.198
13.02.08 1400 553.08 1225 200 -4.336 40.58631
14.02.G8 1200 551.211 1278 =20 -1.869 53.07992
15.02.08 2000 354.78 1307.7 800 3.569 29.61631
17.02.08 20600 593.067 1114.5 0 38.287 -193.126
18.02.08 2000 560.034 1071.5 0 -33.033 -43,1091
19.02.08 2000 605.174 1091 0 43,14 19.50951
20102.08 1500 560.876 1144.1 =500 -44.298 49.20598
21.02.08 2400 596.5 1318.7 900 35.624 178.5058
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Fignre 4.3; Condensate Trend Analysis for Segment 3 (BKB-Demra).

From the trend analysis it can be seen that flash method is trying to flow the actual trend in
sormewhat extent. It shows that the flash meihod gave better result than heat balance method.
Sinusoidal wave in the measured trend sugpested two things- firstly, Change in flow
conditions and secondly the pipe was mo longer perfectly horizonta! rather it had some
undulations. Jo flash method, trend analysis’s amplitudes of the wave are very smail, this
happens due to (he change in the flow only because undulation of the pipe cannct be

considered in the fash ¢calculation.
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4.3 Flow Pattern Caleulation:

Al first, superficial velocities and superficial Reynolds numbers arc calculated. Then, the
Lockhart- Martinelli parameter (X) was calenlated. The cquilibrium liquid level by in the
pipe was found from the figure 3.1. Once, the cquilibrium liquid level, by was found, then
other parameters like, K or F was calculaled, With the parameters K and F and Figure 3.2,
flow patiem was cstablished for the all sections of the pipeline and results were presented in

Table 4.7. Detailed caleulation of flow pattern prediction was given in the appendix B.

Table 4,7: Flow Pattern Hesults.

Section Name Type of Flow Pattern
1 AGNMS-Bangura Stratified-smooth
2 Bangura-BKB Stratified-smooth
3 BKB-Demra Stratified-smooth

As the flow pattern in all segments were Stralified- smooth, so ffom the assumption of the
stratified flow we can say (hat at interface both liquid and gas phase has the same velocity.
Here all flow patterns tumed out as Stratified — smaooth because pipe diameter for every
scction was very large compared to amount of the liquid generated and pipeline was assumed
as perfectly honizontal one. In this reporl pipeline was considered horizontal because of

undulation data of the pipeline were nol found.

4.4 Pressure Caleulation:

All pressure values were caleulated by assuming single-phase fluid with Weymoulh,
Panhandlc A, Panhandle B and Fekete Sofiware (Piper, using Panhandle B) correlations. In
pressure calculations. Reynolds’s Number and all physical properiics arc determined in
averape temperature and pressure. Initial pressure was taken as the inlet pressure of pipe and
then outlet pressures were calculated by above mentioned comelations. At first a guess value
of outlet pressure was taken and fluid physical propertics were ealculated on the basis of the
average value of pressures. Then iteration was done until the converpence criterion was
achieved. If a converpence criterion met, final volue may become more representative and
that final value was reporied. In some cases, if’ bwo subsequent iterations gave same number,
it was also taken as [inal walue. In Marching algorithm pipeline has w be divided into

numerous segments where fluld properties do not change significantly within the seyments
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and ileration of pressure calculations for each segments were done. The Marching algorithm
technique yields better results with good computing knowledge and applications, In this
thesis, Microsofl Excel applicaion was used instead of the computer programming,

Here Piper software from Fekele Inc. also used for better results and understanding. A
schematic view of ABD pipeline network by piper is given in Figure 4.4. All calculated and
mensured pressure values were given in the following iables. Table 4.8 shows the predicted

values of pressure by different comelations and measured pressure values for the pipe

segment-1.
TR h vl - S '
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Figure 4.4; Piper Diagram of ABD Pipeline.
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Table 4.8: Pressure Calculation for Segment 1 (AGMS-Bangura), diameter 3)-inch.

Date Inlet Qutlet Presaures, (Psia)
Pressure | Measured | Panhandle A | Panhandie B | Weymouth | Iteration | Piper
(psia)
01.02.08 791.7 784.7 717.147 789.473 79505 - 1736
03.02.08 833.7 854.7 826.96 833.01 825.64 - 807.3
05.02.08 804.7 79%.37 787.65 802.83 825.64 - 790.9
06.02.08 800.7 7R4.7 780.487 798.471 779.14 341.00 | 7825
07.02.08 $00.7 789.7 781.18 798.55 758.8 582.78 | 782.6
08.02.08 T88.7 774.7 768.975 789.53 771.11 57406 | 771.6
09.02.08 816.7 834.7 801.838 815.087 758.81 583.411 | B07.2
10.02.08 800.7 789.7 782.055 798.65 794.65 57796 | 785.1
11.02,08 796.7 774.7 776.583 794 AR7 772.55 59600 | 779.0
12.02.08 797.7 704.7 779.367 795.69 766.14 578.05 | 7826
13.02.08 804.7 789.7 785.182 802.55 770.07 586.03 | 7875
14.02.08 812.7 789.7 701.427 808.58 775.10 589.95 | 793.6
15.02.08 8107 799.7 794.525 810.708 781.49 589,00 | 797.0
17.02.08 816.7 824.7 801.235 815018 835.32 584.76 | 8049
18.02.08 $19.7 809.7 £03.504 817.934 793.68 601,58 | 8076
19.02.08 311.7 804.7 794.5253 £09.823 795.49 585.60 | 7983
20.02.08 817.7 814.7 800.927 815.868 785.92 588.92 | 805.3
21.02.08 8127 804.7 787465 810836 792.56 58080 | B04.8
Pressure vs, Date for segment 1{AGMS-Bangura)
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Figure 4.5 (n): Pressure Equations va. Date for Segment 1 (AGMS-Bangurn).
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Figure 4.5 (a} shows all the predicted values wilh the measured values. As most of the
predicted and measured values lies into a small range in the graph, Figure 4.5 (b) was drawn
by excluding the worst predicting correlation, i.e. iteration method.

Pressure vs, Date for segment 1{AGMS-Bangura}
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Figure 4.5 {(b): Pressure Equations vs. Date for Segment I (AGMS-Bangura} except
Iterntion Method,

From figure 4.5 (b), Panhandle B and Piper gave the best pressure prediction. Next best
cormrelations were Weymonth and Panhandle-A correlations. Panhandle B gave good results
as it worked well with diameter grester than NPS (Nominal Pipe Size) 24. Panhandie A also
gave good resulls because it worked well with Reynolds number greater than 300,000 (for
example, Re = 10236301.72 for 01.02.08). Iteration method of pressure prediction was the
most erroneous and unrealistic. Error analysis of different correlations for this section also
supports Lhe above sialement. The Error analysis was presented in the Table 4.9.

Table 4.9 Error calculation for Segment 1 (AGMS-Banpgura).

Date Weymonth | Panhandie A | Panhandie B | [teration Piper
01.02.08 1.31898 -8.6088 0.60826 -100 -1.4146
03.02.08 -3.4 ~3.2456 -2.5377 100 -5.5458
05.02.08 -3.6779 -1.4662 (43284 -100 -1.05%6
06.02.08 -1.7312 -0.5369 1.75494 -56.5439 -0.2804
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Date Weyvmouth | Panhandle A | Panhandle B | Iteration Piper
07.02.08 -3.9129 -1.0789 1.12068 -26.2024 -(.8991
(8.02.08 2.57519 -0.739 1.91429 -25.9068 -0L.4002
(9.02.08 -7.4458 -3.937 -2.3497 -30.1053 -3.2946
10.02.08 -2.9834 -0.9681 1.13334 -26.813 -().5825
11.02.08 -0.6067 0.24306 2.55415 -23.055 0.35505
12.02.08 -2.4663 ~1.9294 0.12458 -27.2619 -1.5226
13.02.08 -1.0384 0.5T4 1.6272 -25.7899 -0.2786
14.02.08 -0.5572 0.21869 2.39078 -25.2935 .49386
15.02.08 443417 -0.6471 1.37652 -26.3474 -.3376
17.02.08 -3.5407 -2.8453 -1.174 -29.0942 -2.400%
18.02.08 -2.9369 -.7632 1.01692 -25.7033 -0.2594
19.02.08 -1.5086 -1.2644 (63663 -27.2275 -.7953
20.02.08 -4.4016 -1.6906 0.14337 -27.7133 -1.1538
21.02.08 -4.1737 -2.1418 0.76252 -27.824 3.01243

APRE -1.76996 -1.77636 0.640865 -28.72543 -1.06464
AAPRE 2.697554 1.827667 1.314358 28.72543 1.182563
SEE 4.121626 3.353812 1.931591 33,99654 2.343014

Errors from different comrelations were presented in Table 4.9 and it is clear that, Panhandle
A and B equation and Piper gave less error i.e - 1,776, 0,641 and -1.064%.
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Figure 4.6; APRE for Varions Preasure Equations for Segment Y AGMS-Bangura).

From Figure 4.6, it is clear that, pressure calculated by Piper, Panhandle A, Panhandle B and
Weymouth method gave good results but Panhandle B correlations gave the best result with
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errar 0.64%. This is because of Panhandle D correlation developed for long pipeline and
Nominal Pipe Size (NPS) over 24 inches, Panhandle A correlation was slightly under
prediciing and found the second best performing correlation for this sepment with AAPRE
1.82% and SEL 3.33. Panhandle A works well where Reynolds number greater than 300,000
and partiaily tuebulent flow occurs. In this seclion il gave quitc satisfactory results due to
Reyneolds number (for example, Re = 326,266,663.8 for 01.02.08). Other best performing
corrclations are Piper and Weymouth with AAPRE values 1.18 % and 2.69 %and SLL values
2.34 and 4.12 respectively. lteration method (Marching Algorithm) for two-phase flow gave
unsatisfactory results because of limilation of handling the iteration method by Microsoll-

Facel. A better result could be found if a computer program was used,
Similar calculation was done for Segment 2 {Bangura-BKB). Table- 4.10 shows the all
predicied pressure values wilh measured pressure values lor scgment 2. Predicted pressure

values with different correlations and measured values were shown in the Figure 4.7.

Table 4.10 Pressurc calvulation for Segment 2 (Bangura-BKDB), diameter 30 inchcs.

Inlet Qutlet Pressures, (psia})
Lressure Measured | Fanhandle A | Panhandle B | W th | Lterati P
Date (psia) e EyYmou eration | Piper
01.02.08 784.70 7527 784.344 T84.663 8142 0 735.88
03.02.08 854.7 8467 854,143 854.64 8347 0 -
05.02.08 799,70 767.7 799.09 854.645 800 0 158.17
060208 784.70 748.7 783,88 184.62 784.7 4112 | 145.04
07.02.08 789.70 753.7 748.948 789.62 790 439.74 | 747.38
(08.02.08 774,70 745.7 773.862 774,62 T14.7 433.2 | 734.15
03 02.0 834 70 802.7 833.924 §34.62 334.7 435 775.78
10.02.08 789.70 755.7 TEE.B8 789.62 790 43585 | 749.19
11.02.08 77470 7407 773.866 774.62 774.7 450.576 | 741.39
[ 12.02.08 794.70 764.7 793.893 794.62 745 435.035 | 746.96
13.02.08 789.70 7547 THB KR3 789.62 T90 442,55 | 750.88
14.02.08 78970 753.7 748 884 789.62 790 44534 | 810.20
15.02.08 799,70 7727 708.8952 799.622 800 443 448 | 762.73
17.02.08 824.70 790.7 8239185 824.62 525 43243 | 7730
18.02.08 809.70 780.7 BU8.9041 809.623 810 44993 | 774.98
19.02.08 804.70 775.7 803,899 R04.622 EOS 43978 | 764.38
20.02.08 81470 785.7 813.91 $14.62 815 441 815 | 772.07
21.02.08 B04.70 7737 803.9 804.622 805 435.08 | 771.3
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Pressure vs. Date for Segment 2 (Bangura-BKB)
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Figure 4.7 {a): Pressure Equations va. Date for Segment 2 (Bangura-BKB).

Figure 4.7 (b} wes derived from Figure 4.7 {(a) by excluding (he iteralion method.
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Figure 4.7 (b): Pressure Equations vs. Date for Segment 2 {Bangura-BKB} except
Iteration Method.
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Irom fgure 4.7 (b) showed that piper correlation closely follows the mcasured values,

Panthandle A, Panhandle B and Weymouth correlulion {ollowed the measured values with

little over predicion,

Tahle 4.11 APRL comparison for Segment 2 (Banpura-BKB).

Date Panhandle A | Panhandle B | Iteration ; Weymoaouth Piper
(1.02.08 4.204065 4.246446 -100 -7.55343 -2.23462
3.02.08 (.522% 058138 -100 -0.5835 - 10
(15.02.08 4.088837 11.32539 -100 -4.0375 -1.24137
06.02.08 4.698811 4.797649 -45.0781 -4.58774 -0.48885
07.02.08 4676662 4765822 -41.6558 -4.50454 -0.83853
08.021.08 3.776586 11.92437 -41.906% -3.74338 -1.54885%
(19.02.08 3.880872 -1.6295 458079 -3.83371 -3.35368
10.02.08 4.390631 2.503639 -42.325 -4.34177 -0.86145
11.02.08 4.477656 7.2796 -35.1689 -4.3888 0.093155
12.002.08 3817576 3. 258794 -43.1104 -3.81132 -2, 31586
13.02.08 4.525349 4.627004 -41.3635 44068355 -0.50616
| 14.02.08 4.66817 6.092875 -40.9128 -4.594%4 7.496351
13.02.08 3.390087 3.484146 -42.6106 -3.4125 -1.2864
17.02.08 4201164 4. 28987 -45.3105 -4.15758 -2.14873
18.02.08 3.612668 3.704752 -42.3684 -3.61728 -0.73268
19.02.08 3.635297 3.728503 -43.3054 -3.63975 -1.45933
20.02.08 3.550429 3.680794 -43.768 -3.59509 -1.73476
21.02.08 3.903332 3.9%664 -45.7663 -3.6882 -0.3102
APRE 4.122 4.8622 -42.83 -4.28 -6.675
AAPRE 4.484 4.122 42.83 5.054 7.568
SEE 5.318 4.8 42.2 5.748 31.6

An error analysis was done for all these comelations and different statistical parameters were
calculated. From the error analysis (Table 4.11 and fipure 4.8). it is clear that, pressure
calculated by Piper , Panhandle A, Panhandle I3 and Weymouth methods gave good resulls
From the statistical analvsis best-performing correlations were Panhandle A and B with
AAPRF 4484 %.and 4.122%. Next best cormelations were Weymouth and Piper with
AAPRE 5.054% and 7.568%.Error values were presented in Figure 4.8, From cvaluating the
SEE valucs, Panhandle B was the best comrelation in this scgment of the pipe though the
differcnee in SEL value with Panhandle A was very less.
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AFPRE for Segment 2 {Banpgura-BRB)
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Figure 4.8: APRE for Various Pressure Equations for Segment 2 {(Bangura-BKB),

lieration method (Marching Algorithm) for two-phase flow gave unsaisfaclory results in this
segment because of limit@tion of handling the iteration method.

Again, pressure values were predicted with the correlations for Segment -3 (BKB-Demrm)
where gas flow rale is comparatively lower than other segments and diameter glso changes to
20 inches. The calculated values by different pressure correlations are shown in the Table
4,12,

Tabie 4.12; Calculated Pressures for Segment 3 (BKB-Demra) Diameter 20 inch.

Inlet Outlet Pressurey, psix |

Pressure | Measured | Panhandie A | Panhandle B | Weymouth | Tieration | Piper
Date (psia)
01.02.08 752.7 474.7 670.741 740.19 685.44 0 468
031.02.08 849.7 274.7 848.47 849.607 31.87 0 4
05.02.08 767.7 514.7 £78.848 758.97 650 ¢ 609
06.02.08 748.7 474.7 627.775 736.785 568.4 334.097 | 532
07.02.08 753.7 494.7 610.113 739.61 534 332088 | 479
08.02.08 143.7 524.7 619.361 733.27 556.2 327.162 | 499.5
09.02.08 802.7 614.7 717.18 794.17 680 325435 | 6285
10.02.09 755.7 504.7 627.009 743.024 562 328.527 | 513
11.02.09 740.7 474.7 595.462 726.503 518 341 474.7
12.02.09 764.7 484.7 675.714 755.87 637 328.073 | 587
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Inlet Outlet Pressures, psia |

Pressure | Measured | Panhandle A | Panhandie B | Weymouth | Iteration | Piper
Date (psin) |
14.02.08 753.7 484.7 637.423 742222 581.23 336.32 353
15.02.08 72,7 374.7 £59.256 761.457 603 334.42 560
17.02.08 TH.7 3147 T12.0065 782.874 679 321,85 634
18.02.08 780.7 574.7 712.2841 773.92 685 337.85 | 656.3
19.G2.08 1757 539.7 699,33 768.124 667.75 439 6284
20.02.08 785.7 574.7 09,0456 778.084 671.2 343.7 637
21.02.08 7737 584.7 663.67 762,788 611.47 328.247 | 582

All calculated vajues and measured pressure values were presented in the Figure 4.9 (a).From the
figures, it is clear that, eration Method shows the most deviation from measured values. So,
another graph, Figure 4.9 (b) was plotied without these twp methods.

I'ressure vs. Date for segment 3 (BKB-Demira)
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Figure 4.9 (a): Pressure Equations vs, Date for Segment 3 (BKB-Demma).
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Figure 4.9 (b): Presaure Equations vs. Date for Segment 3 (BKB-Demra) except
Iteration Method.

From the figures it is seen that piper comelation flows the measured pressure values very
closely. Next better performing correlations are Piper, Weymoulh and Panhandle A. Error
calculations were performed for this segment and it was represented on Table 4.13 and Figure

4.10.

Table 4,13: APRE comparison for Segment 3 (BKB-Demra).

Date Panhandle A | Panhandle B | Kieration | Weymonth Fiper
01.02.08 41.2979 35.928 -100 44.3944 -1.4114
03.02.08 208 871 209.285 ~100 -88.398 -100
(5.02.08 31.892 47,4587 -100 26.2872 18.3214
06.02.08 32.2467 23.2107 -29.6019 19.7388 12.0708
07.02.08 23.3299 49.5068 -32.871 7.94421 -3.1736
08.02.08 18.041 39.7503 -37.648 6.00343 -4.8027
09.02.08 16.6715 29,1964 -47.058 10.623] 2.245
10.02.08 24.234 47,2209 -34.906 11.3533 204082
11.02.08 254396 33.0447 -28.165 912155 0
12.02.08 3G 4087 33,9439 -32.314 31.4215 21.1058
13.02.08 43.3292 $3.73035 -26.377 32.9008 24.9175
14.02.08 31.5088 53.1302 -30.613 19.9154 14.0012
15.02.08 14.7131 32.4964 -41.81 5.27232 -2.5579
17.02.08 23.8919 360.2231 -43,649 18.14R6 10.3184
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Date | Panhandle A | Papbandle B | lteration | Weymouth Piper
18.02.08 23.9402 34.665 -41.213 19.1926 14,1987
19.02.08 24.9473 37.2385 -21.565 19.305 12.2744
20.02.68 23.3766 35.3896 -40.195 17.8354 10.8404
21.02.08 13.5061 30.458 -43.861 4.57842 -0.4618

APRE 38.861 56.816 -55.45 12.68 1.765
AAPRE 38.861 56.816 55.45 23.084 14.99
SEE 30.263 41.30118 378 18.3 13.65

From the emor analysis, Piper correlation gave the smallest AAPRE (14.99%%) and next
smaller AAPRE values were given by the Weymouth (23.084%) end Panhandle A (38.861%)
correlations. Piper correlation also showed small SEE which was almost 13.65%, where
Weymouth showed 18.3% and Panhandle gave 30.263%. It was found thai Panhandle A and
Iteration predicted pressure betier than Panhandle B correlation. Panhandle B gave the worst
pressure prediction here. When Panhandle B was vsed in the piper software it became the
best performing correlations where it showed best iteration critetions were met. Figure 4.10

shows the error analysis for segment 3.

APRE for Segment 3 (BRKI-Demra)

=& Paniandl: 8
e et IS EUFIRY
==y nwania

" [f—=—Piper

—— Panlsudl= A

Figure 4.10: APRE for Various Pressure Equations for Segment 3 (BKB-Demra),
From the Figure 4,10, it can be seen that emor values by all correlations were high in

Segment 3 compared to other sections. This is because of numerous off takes were existed in
this segment for different customers and for simplification of the calculalions, ali of them
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were ignored. A betler result could be found if a pipeline network analysis were done

particularty for this scgment.

From above analysis it was clear that no single correlation turned cut to be the best for all
segments which suggesied that alt correlations have different limiting factors. For instance in
literature it was clmmed that Panhandle B works well for the long pipe line and large
diameter (NPS 15 over 24) with high Reynolds number. Panhandle A works well for large
diameier pipelines with high Aow rates. Weymouth eguation predicts pressure well for
smaller diameler pipelines where diameler is less than 15 inch. According (o ihe Tierature,
Weymouth corrclation should not be the best performing correlation lor Segment 3 where
NPS is greater than 5 inches. This was due o the smuplification of the calculahons by

omitling the off takes. Ln other seclions, literature claims also proved as vahd.

In general all correlations gave some errors this is because of the underlying assumptions to
formulate the correlations with. The basic assumptions are no mechanical work, steady state
MNow, isothermal flow, negligible kinetic energy change, constanl gas compressibilily and
horizontal pipeline. In reality none of them can be achieved due {0 operational and design

constraints.

43



Chapter 3

Conclusion

In this thesis two approaches were used 1o predict the hiquid / condensate volume i.c. Flash
method and Heat balance method, All predieted valucs were compared with measured values.
As measured condensate/ liquid values were available only for segment 3. a dircet
comparison only made here. For nstance, gas flow rale at 210 MMSCFD in segment 3,
measured condensate value was 800 liters, predicted values were 1362 and 554 liters by flash
and hent balance method respectively. This study showed that {lash method predicted the
condensate volume with a 36% crror. This large error was mamly contributed by two things

i.e. Now rate changc and pipeling undulations.

A trend analysis was done for all measured and calculated values. Flash method was found
the best trend [ollowing correlations. [n measured trend it showed high amplitudes and (lash
method gave low amplitudes. This suggested thal a terrainian slug occurs. 1L happens duc to
condensale accumulation in the lower section of the pipeline and builds a backpressure. As
the back pressure builds vver a eritical value it pushes Jiguid column to the furward section

and thus variation in measurcd condensate amount occurred.

Here iwo phase flow parameters werc calculated and flow patiern was estimated for
horicontal and slightly inclined pipe by Taitel and Duckler's equilibrium stratified flow
model. Here Taitel and Duckler flow pattern map and transition criterion were used. All cases
Mow pattern fell into Stratified fow region. From literature, Taitel and Duckler model works
well for smmall diameter pipe with low pressure condilions was reported. But this system has
large diameter with high pressure and found no flow transition enterion were met which
suggested that more condensate required to make the transition eriterion be met. Taitel and
Duckier model used air — water system to develop the flow pattern map but not gas

condensate flow pallern maps are available in the literature nowadays.

As 1low patiern fell in the stratified region, cquilibrium exists in gas condensate interface. As
gas (low rate was very high comparcd to liguid generation/ separation rate, gingle phase
pressure comrelations can give the best resull. In this thesis, scveral single phase pressure
prediction correlations like Panhundle B, Panhandle A and Weymouth were used and they

predicted the pressure. Panhandle B was found the best predicting corrclalion {fur Scgment 1
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and Segment 2 with an AAPRE 1.93% and 4.8%. In Segment 3, it is hard (o make a decision
which correlation predicts very well because the case was simplified which did not match
with real scenario. But from the calculation point of view Panhandle B with piper soflware
and Weymouth found best performing correlation with 13% and 18% crror respectively. Two
phase Tlow pressure equation i.e. Marching Algorithm performance was found unsatisliactory

due to computational constraints.
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CHAPTER 6
FUTURE RECONMMENDATIONS

‘T'aitel and Duckler flow paltemn [or equilibrium stratificd fAow wus used here with air water
system. Taitel- Duckler model is to be modified for gas—condensate system for large diameler

and high pressure systeim.

Single phasc pressure correlations have a delinite working boundary, such as Panhandle A
and B work well for hominal pipe size 24 and above. On the other hand Weymouth equation
works well for the smaller diameter ic. up to 13 inch. For pipe size in between 15 {o 24 inch
these correlations should be tuned or moedified by [feld data. If possible modify the

correlations or dillerent correlations could be developed.

Condensale data were available only for Segment-3. Condensate data for other segments
would enhance the chance to analyse the different condensate predicting method’s
performance more confidently. More over a computational knowledge would greatly help to
estimate the condensatc and pressure values precisely and help to pin down the error in

smaller margin.
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Appendix A

Theory

A.l Equilibrium Constant:

lhe Wilson correlation can be used to estimate K valucs initially. Wilson proposed this

simplificd thermodynamic expression o estimate K values,
K~(5) exp [3.37 (1+ oi) {1- (22} (A.LD)

Where Py; = cntical pressure of component i, psia; P = system pressure, psia; T., = critical
lemperature of component i, "R, T = system temperature, *R; and w; = acentric faclor of°

component 1.
‘The following is a step-by-step procedure to caleulate equilibrinm constants.

1. 'Lhc input data required for this calculation are the system pressure, p, temperature, T,
and the overall system composition. Z;, for each component.

2. On the basis ol Eq. A 1.1, K;™ values lor each component are estimated.

3. (n the basis of assumed K, ® values from Eg. A.1.1 and the known z, values, flash
calculations are performed by using Tg. A28,

4, With appropriate EQS’s, the composition of the liquid and gas phases cbtained from
flash calculation can be used to determine the fugacity coellicients of cach component
in each phase, © L ; and ®Y ;.

5. Find K; * from

R S
K¢=8=22 (A.1.2)

6. Compare the equilibrium constants in step 2 with the calenlaied valucs in step 3 using
the 1otlowing convergence crileria:
YK K1Y 107t
7. If the convergence criterion in step 6 is satisfied for all components, the values of
equilibrivm constants are used lo caleulate phase transitions required in determining
phase physical properiies. Otherwise, these calculated values are used as the new

guesscs, and steps 3through 6 are repeated until convergence is achieved.
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A2 Flash Calculations:

Some importani variables are required in the malerial balance:
F = number of moles of foed,
.= number of moles of liquid
V =number of moles of vapor,
Z;=mole fraction of component I in foed,
X1 = mole fraction of component I in liquid phase,
Yi=mole fraction ol component [ in vapor phase, and

N = {atal number of components in the feed.

The overall material balancc is

F=L+V (A2.1)
Individual component balances are

Zli=xiL+wyV {A.2.2)
Eq. A.2.1 may be rewritten as

Ly ¥

o= 1- - (A.2.3)

_ . . . L. _T1+ T2
Liquid Phase. Selving Bq. A.2.2 for xi, and replacing v; and = with T =( 5 Jand A2.3,
respectively results in
. fevily  frtealdi B
Xi=zF—y 7 = SR - BT (A2.4)

1=

*rl 1

On further simplifcation,

Xi= ———— A25
" BHE-0 (A.2.5)

T1

¥apor Phase. Similarly, solving Eq. A.2.2 for v and vsing Te—( ; TE) and A.2.3 gives

Yi=ziF-xif= T (A.2.6)

v
Eq. A.2.6 can be simiplilied as

. =2t
¥Yi=——p——— AT
fL={z)(Hi-1) ( )

Solution Procedure. [t {s important to note that the solulions for x; and y; bascd on egs. A.2.5

and A.2.7, respectively, require the detennination of the ; value. To solve for E, Egs. A2.5

and A.2.7 are combined by usc of this definition of mole fraclions,

45



YAi=Yvi=1.0
Or,
Zlvi-xi)=0
Therefore, combining Egs. A.2.5 and A.2.7 give
Y(yi-xi}=%

{{:«:-:-{ :j}f‘;i - ﬂ:;) =0 (A-2.8)
it is ofien called the Rachford and Rice equation, which is implieit in V/F. To selve it, K
valugs must be known. As K values arc phasc-composition dependent and phase
compositions arc unknown in (lash calculations, this ilmposes a second level of impliciiness in
Lg. A.2.8, Therefore, solution of Eq. A.2.8 is computer intensive.
The procedure requires that these varables be known:

. Number of components, 1.

Maole fraction of each component in the leed mixture, z,.

Equilibrium constant lor cach component, K;.

B

A first puess for the mole ratwo, T}, where the subsecript j refers o the ileration step

counl.

. - V.. . ¥ .
Given at first guess, for insiance 0.5 for (=)j, an improved value of (F) can be estimated from

¥ T o V..

(G = ) = (BQE G (A.2.9)
Where the denvative, I {%), is obtained by differentiating Ey. A.2.8 with respect
to -,

iy =y T A.2.10

TG =2 - nGie o7 (A.2.10)
Convergence is achieved when

ABS{((Dj+] - Qi) <1.0x10-6 (A2.11)

Once convergence is obtained for <, the composilion of cach phase can be determined lrom

T1.& T2

Eq. A.2.5 and either Ty=(

Jor A2

The previous procedure requires values for K at the pressure, temperature, and composition of

each phase.
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A3 Flow Pattern Prediction:

The starting point of the model is cquilibrium stratified flow. Assuming stratified flow to
oceur, the Nlow variables; including the equilibrium liquid level i the pipe for a given set of
Now conditions (for example, pipe diameter, inclination angle and physical properties of the
phases) are determined. A stability analysis is then performed to determine whether or not the
flow conliguration is stable. If the flow is stable- stratified flow occurs. If the fow in
unstable. a change to non-stratified Nlow occurs, and the resulting fow pattern 1s determined.
I'his requires stability analysis. In this model a simplificd Kelvin-Helmholtz stability analysis
is applicd. Taitel and Dukler extended this analysis to ihe case of a stationary finite wave on
the gas-liquid interface in a pipe fow,

Extensive studies on two-phase flow partem transitions have been conducted since the carly
1950°s. Most of the initia! work has been focused on horizontal or vertical Now. Inclined
flow studies have been initiated i the 19705, leading to a complete understanding of Now
pattern transitions in the entire range of inclination angle. namely, from -90" to 90°.

The most common approach for two-phase flow pattern determination has been visual
obscrvation of the flow in a transparent pipe, Usually the data have becn mapped on a iwo
Jimensional plot and the boundares berween the dilferent Now patterns have been
determined. In the initial studies, no physical basis has been suggested for ihe selection of
mapping coordinates. Therefore, these empirical maps are relisble only in the narrow range
of conditions under the data have been acquired, and extension for other flow conditions is
uncertain, Also, different flow pattern classifications and defimitions have been suguested by
the various investigators, resulling a poor agreement between their proposed maps.

Since visual observations are often subjective and difficult, especially at high [ow rates,
effints have been devoted to developing flow pattern detection technigues, which are
objective and can also be used in opague pipes. Many such devices have been suggested,
including hot wire anemometry, x-ray, pressure (ransducers and conduciance probes, All
efforts Jone in this approach have resulted in panial swecess, since no single technique is able
Lo distinguish between all the llow patterns under different (low conditions confidently.
Beginning at the mid 1970, analytical modcels for flow pallern prediction, based on the
physical phenomens, have been reported. The main advantage of these moedels is that they
can be extrapolated with more confidence to conditions lor which no data are available. Also,
they provide physical insight and increase the understanding of the flow lmsition

phenomena.
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Equilibrinm Stratified Flow

Equilibrium stratified [low configuration is shown schematically in Iipure A3.1. The
pipeline is inclined at § inclination angle from the horizontal, and the gas and the liquid
average velocities are v and v, respectively. Also shown is a cross sectional area of the pipe
with the peomelrical parameters. ‘The arca for low and welted perimeter of the gas and liquid
phases arc Ag and Sg. and Ap and g, respectively. The interface length is Si, and the liquid

tevel {under cquilibrium conditions) is hy..

The objcetive of this parl of the model is to delermine the cqnilibrium level in the pipe, by,
for a given set of flow conditions, namely the gas and liquid flow rates, pipe diameter and
inclination angle and the physical properties of the phascs. Applying momentum balances on
the gas carries this out and the liquid phases in a differential control volume with a axial

length of AL, as shown in the I'igure A 3.1

Figure A.3.2 is an expansion of the conirol volnme, where the two phases are shown
separated from each other, and the forces acting on each of the phases are indicated. For
steady-state flow, neglecting the rate of change of momentum across the control volnme, the

momentum halances are reduced to force balances.

The momentum {foree) balances for the liquid and gas phases are given, respectively. by

-Ay g’E]L—TWLSL‘l' 15 —prALesind =10 (A3.1)

wrerfirial lenglls

Figure A.3.1: Equilibrium Stratified Mow.
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a
-AG 26— e So— 1 81~ pe Ag g sind =0 (A3.2)

Eliminating the pressure gradient from Eq. A.3.1 and Eq. A.3.2, (he cambined momentum

equation for the two phases is obtained, as lollows,
TwG {—) Tl ( J 5 {( J+(;;)} (pr-po) gsind =0 (A.3.3})

The combined momentum eguation is an implicit equation for hy,, the liguid level in the pipe.
Tt combines all the lorces that act on the liquid and gas phases, which in tumns delermine the
location of the liquid level in the pipe. In order lo solve the equation for by, it is necessary to -
determine the different geometrical and [orce variables in the equation. The calculation of the
forces in the equation is carried out wtilizing single-phase flow method based on (he hydraulic
diameter concepl, The respective hydraulic diameters of the liquid and gas phases are given
by

d=(and  dg=(

AG
S0 # 81

) (A.3.4)

The Reynolds numbcers and ihe friction factors (for a smooth pipe) of cach of the phases are,

;r atrG pl.m

el

L =CL ( and f[;_, g i: (HESJI

Where ¢ =cq= 16 and m=m =1 for laminar flow, |, = e¢;= 0046 and m = n = 0.2 for
lurbulent Aow.,

The wall shear stresses corresponding to cach phase are

) and Twg= fG(pG;ﬂ:) (A.3.6)

Tw, = IL(
The interfacial shear siress is given. by definition, as

= f {PELE (A3.T)

In this model it is assumed that f; = {5, namely, a smooth interfacce cxits. In addition the
intcrface veiocity is neplectad, ., vg == v, With those approximations the interfacial shear
simess 15 equal 1o the gas-phase wall shear siress.

Substilution of Eg. A.3.4 ibrough Eg. A.3.7 inlo Eq. A.3.3 enables the delenmination of the
liquid level in the pipe. However, the hinal solution for by, is presented in a dimensionless
forn. All the vanables ¢an be wntlen in non-dimensional form hy

areg and vy and vy for the liquid and gas vclocities, respectively. The dimensionless

variables are desipnated by a tilde(~), as follows,

§]—- h= = A= Z = v vo (A.3.8)

vEG

53



L WG

-~ R\-
irl\ ™ P+ 4P

- plc

-,
- rl
ILL b3 \\,
- plz
e
ST
P+ AP
s
WL

Figure A.3.2: Equilibrium Stratified Flow Gas and Liguid Momentum Balances.

Rearranging Eq. A.3.3 viclds

{pL- pG) gzing

EE) -EDHD ) + (N + {5 0 (a3.3Y

_':.1.4" AE‘

Substituting the dimensionless parameters into Eq. (A.3.3) results in the dimensionless form

of the combined momenturm cquation, namely,

X d)™ v 2(—}]—[@{«&(}'" o {(E) (—)+[—)}]+4}* 0 (A.3.9)

Two dimensiontcss groups emerged fom the analysis, namely, X, the Lockhart and

Mariintlli parameter and Y, an inclination angle parameler, given by

] Ll"'.i Ll:t pLeSEs

}( =-n{———73
X= :
i&ﬁ}{pﬁ ?SE d _m{pﬁ :'SE 3
_ (-spsdust (A3.10)
[~ dp/dL15G
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- ffel = o0 g il

WTE,. - phuig aG wEG-
SR (BT 2R

_ HpL- pG)e=inf)
f=dpfaLisc (A311)

All the dimensionless variables in Egq. A.3.9 arc umque lunctions of the dimensionless liquid

level,
i _BL e .
=7 - Thus it is proved that

b = (X, Y) (A312)

The functional relationships between the tilde dimensionless variables and by are given below
in Eq. A.3.13 (refer to Figure A.3.3), as follows,

A =025 —cos™ (2h- 1+ (2R, - Y {1 = (2R,.- 1)7Y)

A= 0.25cos! (2R - 1) - 2Ry~ 13 Y {1 = 2R - 1]

S1=1T-cos" (2hy- 1)

Se=cos” (2h - 1)

S§=+{1-(2h - 1Y

w.= (Ap FAL)

va= (Ap/Ag) (A.3.13)

Figure A.3.3: Geometrical parameters for stratified {low.
A plot of i as a function of X and Y is given in Figure 4. This is an cxample of similarity
analysis through basic equaticns. The dimensionless groups conirolling the phenomena have

been obtained based on the proposed model. The generalized chart should be applicable to all
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flow conditions, for horizontal and slighily inclined flow, subject to modcl assumptions,
‘There are four possible solutions, depending upon the gas and liquid phases being in laminar
and” or mrbuleni flow, X and Y can be determined from the inlet Aow conditions. Then
depending upon the flow condibions of the gas and liquid phases the liquid level can be
determined from the char. The solulion can be alwo obtained by solving either Eq. A.3.3 or

Eq. A.3.9,
A4 Pressure Calenlation;

Many pipeline equations have been developed from the basic mechanical cnergy

balance (Eq.A.3.13):
dp + (ﬁ) dv? + (f;}pdz +pdle =0 (A4.1)

Assuming horizontal, steady-state, adiabatic, isuthernmal flow of gas, with
negligible kinetic-energy change, Eq. A.4.1 beeomes:

dp+pdl,=0
Frictional loases for a length AL of pipe are given by (Eq. A4.1):

pdle = (;25) dL

Substituting lor [rictional losses:

fot _
dp+ (G 4L =0

Tuhstituti ity p= 21

Substituting for gas density p 5t
. IT 4

and gas velocity v = qs { -p—:f) ()

it 15 obtained that
_ . £ oM. 16gee’ s T pec”

-dp = ) (o) e

or,

i s A42

I{1']{1]? BRI e ecTect '[ dL ( }

Here T is constant (or, independent of tength} since isothermal flow is assumed. Otherwise,
an average lemperature, Ty, is commonly used instead of T in the previous relationship. The
two types of averages uscd are the anthmetic average,

T =(TLET (A.4.3)

bat
[n
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And the log-mean average.

_ fmn-712)
av - ;ﬂ?ﬂ._} {A.4.4}

In practice, buth these averages are quite close since temperature T, and T; are used as
absolute temperatures. UFsing an averagc temperature is praclically cxpedient, because an
analytical description of the variation of temperature along the pipeline length is rather
diflicult and introduces some complexity. The gas compressibility factor, 2, is made
independent of lemperaiure and pressure by using an average compressibilily factor, Z.,, for
simplicity. Integrating over the pipe length from 0 to L. and pressure py (al L = 0, at the

upstreant} to pa {at L = L, at the downstream cnd), Eq. A.4.2 becomes:

{p1™ - w7y _ (B (2R5T) Tee™ qrc ypZac T
- { 2 } [{ (RI—I:‘:) .P“:r} { di }

T

1. Rge
ot Use _(15.95-!4 ) fp

w?, K1’ - p2?ydh
lc”‘) {vEZavTIL) } {A"LS)

any consistent set of units can be used in Eq. A.4.1. In common units, with gsc i MCSFD, p
inpsia, Tin °R, d in inch, I. in fi, and with R = 10.732 psia A%/ Ib mole °R and g, = 32.17 Tbm
f/blsec”, Bg. A.4.5 hecomes:

( kS ) 2 7 §10.737 1363 (3z7) .[_E_.}s }
_ - q = ) e :':‘ -
ssooxtt B T {Eﬂ%ﬁa&_‘h
=5.6353821 (2eyript =pT 3% g5
o G363 Gae ¢ ey | (A.4.6)

where qs: = gas flow rate measurcd al standard condilions, MSCFD
Pse = pressure at standard conditions, psia
T, = temperature al standard conditions, “R
p1 = upsirearn pressure, psia
% = downstrean pressure, psia
d = diameter of the pipe, ft
Yp = gas gravity {air = 1 basis)
T = flowing temperature, "R
7.4 = Averape gas compressibility faclor
= Moody (riction factor
L. = Length of the pipe, fi
Lq. A.4.6, Attributed to Weymouth, is the general equation for steady state isothermal (low

of gas through a honzontal pipe.
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Appendix B

TABLLES

Table B.1: (a) Physical Properties for segment 2 ( Banpura-BKB).

Date Oil viscosity, | Gas Gas viscosity,
op Density, cp
Kp/m’

01.02.08 2.132 92.966 (.01309
03.02.08 21745 BE.2720 0.01346
05.02.08 2.1592 93.5017 (L0137
06.02.08 2.2142 93.3 0.01366
07.02.08 2.1838 94.102 0.0129
(18.02.08 2.2161 92 818 0.0137
19.02.08 2.0729 93.482 0.0137
10.02.08 2.07366 92.60% 0.0137
11.02.08 2.14263 096.1305 0.01383
12.02.08 2.1643 93.173 0.01308

3.02.08 2.16975 04,3813 0.013746
14.02.08 21664 85,2327 (L.013777
15.02.08 2.1364 9486534 3.0137798
17.02.08 2135128 G4.1328 0.013747
18.02.08 2.10604 96.8229 001358
19.02.08 2.1558 04.4832 0.01375
20.02.08 2.10787 094.6766 0.01379
21.02.08 2.13615 93.43 0.013718

Table B.1: (b) Physical Praoperties for segment 3 (BKI3-Demra).

Date (il viscosity, | Gas Density, | (Gas viscosity,
ep Kg/m® cp

01.02.08 2.52 71.288 (.01254
03.02.08 2,527 62.7 (.01228
(05.02.08 2.51423 70.4389 0012564
06.02.08 2.6076 71.384 0.0125711
(07.02.08 26385 71.8148 0.012553
(08.02.08 274 71.07 0.0124
()9.02.08 2.373 69,9446 (0.012623
10.02.08 2.64 71.09 0.0125
11.02.08 2.608 73.554 {.01265
12.02.08 2.5446 70.6466 0.012556
13.02.08 26113 72.18956 (.01258
14.02.08 2.6445 72.3164 {(1L.01257
15.02.08 256088 7214438 (.0126044
17.02.08 2,52 70.10837 0.01255
18.02.08 2.43777 72,7427 0.01269
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Date il viscosity, | Gas Density, | Gas viscosity,
cp I\Cga’m3 cp

15.02.08 2.25824 95,1453 0.01371

2002 (8 2. 1852 04,6761 0.01374

21.02.08 2.532356 70.759 0.01256

Table B.2: {a) Ashuganj Condensate calculation (L/F =.007)

Gas

Flow

Rate Gas Liqg. Ligquid

{MSC | Ib Mole | Liguid Liquid Yolume | Volume
Date FI)) /day lb Mole | Mass {ft}) (liter)
01.02.08 | 321300 | 992907 | 6950.35 ] 243903.546 548 155.2
03.02.08 | 170000 | 3017369 | 351215 | 173781.591 2.77 78.4
05.02.08 | 293800 | 8749884 | 612492 | 303061.004 4.83 136.7
06,0208 | 323000 | 9565243 | 6695.67 ] 331301.77 5.28 149.5
070208 | 317050 | 938904.1 | 657233 | 325198.843 5.18 146.7
05.02.08 { 316200 | 938503.1 | 6569.52 | 325059.939 5.18 146.7
09.02.08 | 277100 | 8178311 | 572481 | 283263.993 4.51 127.8
10.02.08 | 309400 | 21624%.6 641374 | 3173522212 5.05 143.2
11.02.08 1 321300 | 951490 | 666043 | 329558.077 5.25 148.7
12.02.08 1 306000 | S06180.9 | 6343.26 | 313864835 3 141.6
130208 | 317900 | 24036a1.1 G582.52 | 325703.493 52 146.9
14.02.08 { 317050 | §36791.8 655754 | 324467.237 517 146.4
15.02.08 | 307700 | 909165.3 | 6364.15 | 314898.408 5018 142.1
17.02.08 | 283050 844885 | 5914.19 | 252634.376 4.66 132
18.02.08 { 290700 | 8677197 | o074.038 1 300543.413 4.79 135.6
19.02.08 | 298350 | 8815387 | 6170.77 | 305329759 4.86 137.8
20.02.08 | 295800 | §73022.1 611115 | 302379.968 4.82 136.4
210208 | 207500 | 8800171 | 6160.12 | 304802.734 4.85 137.5

Tahle B.2: (b) Ashuganj C'ondensate calenlation (Z factor caleulation).

5.G. Gas = 0.57595, P, = 680.1564, T.= 345.9474

P P

Date phig psia | T("E) i P, T, Z

01.02.08 777 | 791.7 | 513.6] 1.163997 | 1.48461% | 0.85
03.02.08 R10| 833.7| 513.6| 1.225748 | 1484619 | 0.8
05.02.08 7901 8047 | 51361 118311 | 1484619 | 0D.B&S
05.02.08 786 | 800.7 | 513.6 | 1.177220 | 1.484619 | 0.887
07.02.08 786 | 800.7 | 513.6 | 1177229 | 1.484619 | (.887
08.02.08 774 | 7887 | 513.6 | 1159586 | 1.484619F 0.885
(39.02.08 802 | 816.7| 513.6] 1.200753 | 1484619 (.89
10.02.08 780 | 800.7| 313.611.177229 | 1.484619 ; 0.887
11.02.08 7821 796.7| 513.6 1 1.171348 | 1.48461% ) 0.887
12,02.08 783 797.7| 5136 1.172819 | 1.484619 | 0.887
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P P
Date psig psia. ' T('F) | P, T, Z
13.62.08 790 | 8047 513.6| 1.18311 | 1.484619 | (.88%
14.02.08 796 | R10.7| 5136 | 1.i91932 | 1.484619 ] 0.889
15.02.08 JOB | 8127 513.6| 1.194872 | 1.484619 | 0.889
17.02.08 802 | Bl6.7 | 513.6| 1.200753 | 1.484619 .88
18.02.08 805 | 8197 513.6 | 1.205164 | 1.484615 0.88
19.02.08 797 | BILT| 513.6|1.193402 | 1.484619 | (.889
20.02.08 803 | BI7.7| 513.6| 1.202224 | 1484619 (.89
21.02.08 7901 8047 513.6) 118311 | 1484619 [ 0.888
Table B.2: {¢) Condensate calculation using C,, (Date: 01/02/2008).
MW, MW of Heat of >nll
Plage {1b/lh- Mix condensation
Compoesition | Mole% | mol) (n*MW) _j (Btuw/Lb) (13tuflb)
AGMS i-butane 0.10567 58 6.12886 -157.67 ~16.66
n-butane {(.08757 58 5.07906 -165.79 -14.52
i-pentane 0.03639 72 2.62008 -153,72 -5.59
n-penlans {0.0189 86 1.6254 -144.08 -2.72
130 0 -136.12 {}
15.4534 -39.5
Meghna- i-butane (.13 58 7.54 -157.68 -20.5
ghat n-butanc 0.05 58 2.9 -165.79 -8.29
1-pentane 0.04 72 2.88 -147.26 -5.89
n-pentane 0.01 72 0.72 -153.72 -1.54
hexane 0.02 86 1.72 -144.08 -2.88
heptane+ 0.04 100 4 -136.12 -5.44
19.76 -14.5413
Demra i-butane (0.157 58 9.106 -157.6735545 | -24.7547
n-hutane {1082 58 4.756 -165.7896114 | -13.5047
Domra i-pentans 0.044 72 3,168 -147.2595261 { -6.47941
n-pentang (0.028 72 2.016 -153.723109 | 4.30424
hexanc {(.047 86 4.042 -144.0793744 | -6.77173
heptane+ 0.047 100 4.7 -136.12684340 | -6.39795
27.788 -62.3028

Table B.2: (d) Ashuganj Condensate calculation using C, (Dafe:

Basis: 1110 mol.

01/02/2048) contd.

I, total
Ibmole/ | m, density, | volume, | condensate,
AT, "C | CPAT Ibmole | Ib mole | mass (Ib) | Ibift’ Litre Litre
-005285 | 150532 | D262 | -2.624 40,5467 8.473 135.5
0.4410 | 1508.496 | -0.0295 | -2.5527 58.345 6.42 257.344
-0.625 | 1244995 | -0.05 | -5.00426 | 139058 7.1455 | 551.073 043,925
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Table B.2: {e) Condensate calculstion by V/F method:

Date AGMS, BKB, Dcmra, Total Total
Litre Litre Litre (calculated) {mcasured}
(1.02.08 1552 206.35 105.973 467.5247 5040
Table I3.3: (a) ¥lash calewlation for Demra { K calculation).
a=(log I~ oy =
P, L167)(T. - | (377*T | exp K=K,
Name TR | TR atm Ty) h*a}" cale. | 7; A
methane | 343.68 | 201.534 | 45.3% 0.00344 0.702 | 0.58 | 90,537 | 529
ethane | 550.14 | 332.826 | 48.08 0.00236 -0.662 | -0.04 | 2,153 3.02
propane | 666.24 | 416.544 | 4192 0.001824 | -0.674 { -0.41 | 0.453 1.8
1-butane | 735.18 | 471.012 | 3746 (0.00134 -0.69 §-0.61] 0.157 1.33
n-butane | ¥65.78 | 491.388 36 0001419 -0.701 | -0.68 | 0.082 1.19
pentanc | B46.06 | 542382 | 33.25 0.001168 | -0.728 | -0.83 | 0.072 {194
hexane | 972.96 | 357.178 | 27.04 0.00064 -0.847 | -0.66 1 0.047 (.91
heptanc | 1024.2 | 616.002 | 24.57 | 0.000547 | -0.855 1 -0.70 | 0.047 {179
Tahble B.3: (b) Flash ealculation for Demra (K caleulation) contd.
let
{(»/)=0.99
name fiv/D) 1" 7 (viT) {v/f)i cale. x; cale. y;
methane 78.92717 -34.5296 | 2.218675 | 18.39911 | 57.32627
cthane 1.4765065 -0.55418 0731201 | 2.207766
__propane 0.203334 -0.09127 0.2517 (1.455033
1-hutane 0.039023 -0.0097 (.118367 | 0.1573%
n-bulane 0.013345 -0.00217 0.06G878% | 0.082133
pentans -0.00429 -3.00026 0.076248 | 0.071957
hexane -0.00444 -0.00042 0.051397 | 0.046956
heptane -0.011%2 -0,00303 diff 0.058806 | 0.046881
1228675 | 'x=19.75 | Fy=100.4

Table B.3: {¢) Flash calculation for Demra { K ealeunlation, contd.}

Fugacity
name 7 f @, v OL new k=k,C | (C/K;A)-1)
methanc | 0.286 £.975 | 8.05E-05 | 0.000426 | 52897285 | 493038E-32
cthane 0.279 6.650 | 0.003385 | 0.01022 | 3.01936843 |  4.93038E-32
propane 0.276 6.516 | 0.016092 | 0.0250091 | 1.80784285 | 4.93038E-32
i-butane 0.274 6.428 | 0.045895 | 0.061025 | 1.32967660 0
n-hutane 0.282 6.787 | 0.092858 | 0.110872 | 1.19399559 0
pentanc 0.27 6.256 | 0.097695 | 0.092197 | 0.94371918 0
hexane (.266 6.088 | 01457 | 0.13311 | 0.91358795 1.232603-32
heplane 0.261 5885 | 0.141061 | 0.112456 | 0.79721645 1.23265-32

| 3 =1.7256E-31
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Table B.4: (a) Pressure calculation using Weymouth Equation. (Date: 02/02/2008)
8.0, =0.57595, Z,, = 0.889, P.. = 14.7 pyia, Ty,= 520 R, smooth pipe is considered,

Seg FZ!
me Qg, Py,psia | psia
ot | mmsef | Py, | Dia., L, f(from | (calcul | (meas
d psigl in | T,°C | km Re curve) | ated) | wred) | APRE
1 | 29495 | 805 | 30 | 14903 | 40 | 9396816.6 | 00128 | 795.0 | 814.7 | 247
2 70.06 | 800 1 30 | 1o4d72 | 18.5 | 2234579 0.01 8142 | 78707 | 3.254
3 116871 | 7730 20 | 16472 | 64 | 8071898.5} 0.012 685.4 | 539.7 | 21.26

Table B.4: (b) Pressure calculation using Panhandle A Equation. (Date: 01/02/2008)
8.G. =0.57595, Z,, = L8489, P,. =14.7 psia, T,= 520 R, Gas viscosity = 0.0110125 cp.

P, psia
p2,psia {from
sc, P, | Dia, {calcula daily
Segment | mmyefd | psig | inch | T,°C | L, km ted) report) | APRE
1 3213 T 30 14,9039 4] 1007 44 7847 221096
2 70.08 T 0 16.4723 18.5 T46.673 T52.7 S5.09244
3 210031 | 738 20 16,4723 a4 269941 474.7 70.935

Table B.4: {c) Pressure calculation using Panhandle B Equation. (Date: 01/02/2008)
8.G. =0.57595, Z.. =0 889, P';. = 14.7 psia, Ty= 520 R, Gas viscosity = 00111125 cp
Smodoth pipe is considered for Re calculation.

Seg | Qi Py,psia | Pa, psia
men | mmsel | Py, | Dia. | T, L, {calcula | (mcasur
t d psig | inch | "C | km Re ted) ed) APRE
1 3213 | 777 30 149 | 40 | 102363017 | 791.7 784.7 0.884
2 FN.08 | TH) 30 164 | 185 | 2232679.81 7847 7527 1.12E-10
3 210,03
I FELS 20 1 164 | 64 | 10037071.2 752.7 474.7 4.25

Noe: This equation gave close result to Daily Production Report.
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Table I3.4: (d) Pressure calculation using iteration, (Date: 01/402/2008)
V4 and ¥V, calculation for segment 1 (Diameter = 28,874 inch)
O = 1.05303 m'/s, w, insitu = 835.054957 kgfs, Gas Density = 1278384823 kgfms,
Liquid Density = 793 kg/m?, Pin = 777 psig, Pipe Length, L = 131233.6 ft,

AL=L/n=131233.0/1 ft = 131233.6 {t, Flow = 321.3 MMSCID

Gas Mow, lig. Flow,
P insitu Wy, insitu insitu
No psia P yva, Psis {m3/fs) (ke/s) {m3/s) V.m/s gg,mI/fs | Vg, m/s
f 52923 660.46 232 296 55 {.0232 0.04027 2.29 3.987
2 0000125 | 0.0160063 | 1.25E-06 | 2.17L-06 | 0.00012 | 0.0002]
3 | 389.06 690.38 2,212 283,705 | 0.022152 | (0.03852 2.197 3.814
4 | 2293795 | 11468373.9 | 0.0001336 | 0.01707 134E-06 | 2321E-06 | 0.000132 | 0.00022%
3 | 575503 | 683.6015 2.24125 286,518 | 0.022412 0.0389 221884 3.852
6 | 2327112 | 116359579 | 0.0001317 | 0.01684 1.32E-06 | 2.28E-06 | 0.00013 | 0.00022¢
7 578.6 685.15 2.2362 285.87 (.022362 | 0.03882 2214 3.8433
& 12319429 | 11597542.4 | 0.000132 0.0169 1.32E-06 | 2.29E-06 | 0.00013 | 0.000227
9 5710 684.8 22374 286.016 | 0.022373 | 0.03884 | 2.214954 3.845
02321162 | 116062064 | 0.000132 0.01688 1.A2E-06 | 2.29E-(6 | 0.00013 | 0.00022¢
Table B.4: {¢) Pressure calculation using iteration, (Date: 01/02/2008}) contd.
(dp/dt)q , [dpf’dl)sg and dp/dl ¢ ealculation for segment 1
QL =1.05303 m .I"h, W) msltu = §35.054957 kg/s, Gas Density = 127.8384833 l{g.l"m
Liguid Density = 793 kg.l’m
Ite
ra
tio {dpsdl),
n | Rew, | Reg F (dp/dD f, e X Hy @2 | dp/di
_psia/ft psia/ft psia/
1 | 12496 | 23900 1.28 4.49 0.00612 | 3394 | 0.3637 0.13 41.55 | 186.5
2 | 00006 129 23721 | D.00024 | 124028 | 0.0002 | 110027 | 02418 | 637 | D.00]
3 | 11.955 | 22865 1.33% | 429606 | 0.00617 | 31.339 | 0.37024 | 0.1314 | 407 | 1748
4 (00007 ] 1.376 | 22233 | 0.00025 | 11.625 | 0.0002 | 110021 | 02418 | 6.37 | 0.001
5 | 12073 [ 23091 1.325 | 433866 | 0.00616 | 31.901 | 0.36878 | 0.131 40.9 | 177.4
6 | 0.0007 7 1.356 | 22556 | 0.00025 | 11.794 | 0.0002 | 1.10021 | 0.2418 | 637 | 0.001
7| 12,046 | 23040 1.328 | 4.32885 | 0.006! 31.77 | 0.36911 0.131 40,84 1 176.8
& | 0.0007 | 1.36] 22482 | 0.00025 | 11755 | 0.0002 ] 1.10021 | 0.2418 | 637 | 0.001
9 112052 23051 1327 | 433106 | 0.0061 31.8 | 0.36904 | 0.131 40.85 | 176.%
10 | 0.0007 | 1.306 22499 | 0.00025 | 11.763 | 0.0002 | 1.10021 | 02418 , 637 | 0.001
11| 12,496 | 23500 1.28 | 449063 | 4.0061 3394 | 0.36374 0.13 41.54 | 186.5
o
0
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Figure C.}: Chromatographic Gas Analysis of AGMS.
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AES-Meghnaghat Power Plant Gas Analysis
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Fipure €.2: Chromatographic Gas Analysis of AES-Mcghnaghat Power Plant.
(1t is taken as BKB chromatographic gas analysis)
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Figure C.3: Chromatographic Gas Analysis of Demra CGS.
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RPGCL Condznsate Analysis

RPGECL_Condangals Analyaia

Sampling Localan Ashugang Songe Tamk
Sginphng date 1067112008 Anelysis date 2 02000
Gampred by RPCCL
Temg . N

Componensis  WL%  Mole%

Ethane 010 L
Prafann 048 114
|-Blgtanes i3] 1457
n-Butane T E1 1.H

I-Partaria 155 M
n-Pentang oas 1ad
Cyclopaniang 201 511
nCy&IEOMArs £78 2ad
M-E-Pantana 401 344
Benaona 244 L]
Cyrle Hexans 173 & 4
NG Srsomars % 14 B 66

M-iCr-Hevang L2 10 BB
Taoluang Las 1082

11 g 10PN S T4z TE3
Ethyiborzemns 10 13
eyl [-3:L.] oo
o2y 201 2 il
cg G 11 518
1d 1013 TT4
Gi1 fld 408
i 1] 427 2.73
C13 343 205
L} 213 1.7
L& 283 1.35
cin 0 1.0
Tatal 100 L)
1A Mushahed Ulliah
Scmor Expeimental Doginecr
PMRE Departngol Fhone- 9517523, Faw 8513048
BUET. Dhaka 1000 Email mushahedEpmne buct 4

Figure C.4: Chromatographic Condensate Analysis of RPGCL.
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Figure C.5: Gas Transmission Network of Bangladesh.
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