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Lecture — 35
Estimation of water content in natural gas

Welcome, when we talk of the natural gas purification or natural gas separation, we have
to take out the various types of impurities present and water is one of the main impurities
in natural gas, and for that we need to know the water content in the natural gas so that

we can design how to dehydrate the water.

So, today’s lecture, we will be concerning about the estimation of water content in

natural gas.
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What we shall learn

v In natural gas
+ Significance of water content
+ $pecification of water content
+ Factors affecting water content
« Estimation of water content
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In this, what we shall learn that what is the significance of water content in natural gas,
how to specify the water content, then what are the factors which affect the water content
and lastly, what are the various estimated methods to for the water content. Here, we will
be talking about only a few representative methods because there are exhaustive methods

depending on the various types of natural gases.
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Significance of water content in natural gas

v' Water in natural gas
+  Degrades the fuel (calorific) value of natural gas,

+ Dictates the formation of acids (with sour gases) and hydrates (with methane, ethane,
nitrogen, carbon dioxide etc.),

*+  Impacts the design of the dehydration system.
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So, first let us see the significance of water content in natural gas. Water in natural gas; it
has some bad effects that first, it degrades the fuel value of the natural gas that is the
natural gas with lots of water will be having less calorific value. So, we shall not be able
to derive much thermal energy, by burning this kind of natural gas with high amount of
water, then water also dictates the formation of some acid because when in natural gas
generally we have carbon dioxide and hydrogen sulfide which may react with water and

form weak acids which may corrode the pipelines and the equipment.

And water also forms hydrates with some of the gases like carbon dioxide, methane,
ethane, etcetera, it can form hydrates and these hydrates as we know that they are solid
particles and they may get deposited inside the pipelines or in the equipment and heat
exchangers. So, that they will either produce some lot generate pressure drop by they
will impede the flow of the gas or they can make skills on the heat surfaces so that the

heat transfer efficiency will also get reduced.

And that is how we will find that; it will affect the dehydration system so that is why we
have to understand the water content in the natural gas. Now there are various ways of

specifying the a water content.
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Specification of water content

v¥' Mass of water per unit volume of gas (mg/Sm? or Io/MMscf) - For gases
v' Parts per million by volume [ppmv] - For gases
v' Parts per million by mass [ppmw] - For liquids

+ Both ppmv and ppmw require molecular weight of hydrocarbon molecules for
conversion to other concentrations.

v' Dew point temperature [DPT] (temperature at which water will condense
out of hydrocarbon phase) - For gases and liguids

* No simple method to convert DPT to ppmv or ppmw.
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First is the in terms of mass of water per unit volume of the gas and this is given
generally in terms of milligram per standard meter cube or pounds for million standard
cubic feet and this is generally used for gases another way is pounds per million by
volume, it is also used for gases and then we have parts per million by mass ppmw that is
for liquids and both ppmv and ppmw required molecular weight of hydrocarbon

molecules for conversion to the other units.

And then lastly, we have the dew point temperature because when depending on the
amount of water in any gas, the gas will be having different dew points. So, dew point is
an indication of the water content and this is used for both gases and liquids and
generally there is no simple method to convert the dew point temperature that is DPT
into ppmv or ppmw. So, now, we shall see that how to do some kind of basic conversion

among these particular representations.
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Conversion of ppmv to mg/m?

¥ ppmv is same as ppm on molar basis
kmol species i

1 =10 ——
L kmol gas mixture

= kg
=100 x M ———
kmol of gas mixture

mg species |

t kmol of gas mixture

Where M; is Molecular weight of species i (in kg/kmol)

¥ Applying ideal gas law,

RT

V=n— m’

L - )
Rin m ,Tin Kand P in kPa]

M:P mg species

1ppmv

RT m? of gas mixture
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Now first we see that; how we can convert ppmv to milligram per meter cube. Now one

ppmv is defined like 10 to the power minus 6 kilomole of species i to kilomole of gas
mixture that is how much 1 ppmv means 1 part per million and million represents 10 to
the power 6. So, 1 kilomole of species i in 10 to the power 6 kilomole of the gaseous

mixture and that is how we are getting 10 to the power minus 6 in the numerator.

And then to convert the kilomole into the mass; what we do we multiply weight with the
molecular weight. So, we now get mi in milligram the species of the, of i that is
milligram means kg into 10 to the power minus 6 gives us 1 milligram. So, milligram of
species 1 per kilomole of the gas mixture and then we use for ideal gas flow, if we can
use we find that by using ideal gas we can write v equal to n RT by P and in this, we are

putting everything in terms of the si units.

So, these are if we put all these units temperature in Kelvin pressure in kilopascal and
universal gas constant in kilo joule per kilomole per Kelvin, then we get that 1 ppmv is
equal to this particular thing molecular weight into pressure divided by R into T and this
is the milligram species per cubic meter of the gas mixture. So, that is how we can

convert ppmv to milligram per meter cube.
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Conversion of ppmw to mg/m?

e kg species i e kg species i
pprw = kg liquid mixture ppmw = kg gas mixture
L mg species i =M mg species {

- Pavg m? liquid mixture V8 kmol gas mixture
Where pq,g is in kg/m?.
_ PMayg  mgspecies i
~ RT mPof gas mixture
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Next we come to ppmw to milligram per meter cube, in this, first we see that if you are
using liquid, then we have this 10 to the power minus 6 kilogram of species i per kg of
liquid mixture because for liquids, we are talking in terms of mass not in terms of mole.
So, we have then what we do that we if we divide by the average density, then what we
find that we are getting milligram of the species i per cubic meter of the liquid mixture
and in this case, the density is given in terms of kg per meter cube, this ppmw may also
be used for gas, in that case we, if we put this kgs, then what we do that it is very simple
that we are simply having the molecular weight to convert this gas mixture into kilomole
and we get by the ideal gas law we put PM by RT to get milligram species per meter
cube of the gas mixture. So, this is how we are doing this inter conversions of the various

units.
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Factors aHechlng the water content o’ natural

gas

v’ Water content of natural gas drops with

* Anincreasein
0 Molecular weight and
o Salinity.

* Adecrease in
0 Temperature,
0 Pressure
o Amount of liquefied acid gases (H,S or CO,) which significantly reduce the

solubility of water in natural gas.
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Then the various factors which affect the water content in the natural gas are like this that
when we the water content will drop with an increase in the molecular weight and in
increase in the salinity that is the presence of the salts, and it can decrease also with a
decrease in the temperature decrease in the pressure and a decrease in the amount of the

liquefied acid gases which significantly reduce the solubility of water in natural gas.
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Now, here we have the various charts and analytical models to estimate the water content

in natural gas, first let us look into the charts.
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Charts

v Are used because they are
» Simple
* Easier to estimate the water content than analytical methods
v'Do not find wide use because of
* Lack of accurate data
* Difficulty in interpolation.
1. McKetta-Wehe pressure-temperature correlation chart
2. Wichert water content ratio chart

3. Campbell chart -
4, Rohinson chart
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Now, we have various types of charts in the literature because there are so many varieties
of natural gas and people are still working all over the world to get generate such kinds
of charts for different types of natural gas, here, we have just taken named a few of them,
first, let us see that a charts are used for there because as simple and easy to estimate the
water content, then an analytical methods because we do not need to solve any equation

we have chart and we can read out the values.

On the other hand, they have some drawbacks that we cannot have one particular chart
which will represent all sorts of natural gases and also, it is very difficult to interpolate
the chart charts and these charts are not much useful when we talk of any kind of
theoretical analysis through coding and modeling. So, these are some drawbacks, but for
quick estimation we can use these charts and here we I have given a few of the charts
which are available in the literature and one of them the popular one is the McKetta
Wehe pressure temperature correlation chart I we shall be talking about only this

particular chart.
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v s the most popular of the charts.

v (Can estimate water content for methane
content as low as 0.70 mole fraction.

v Gas gravity should never be used to
account for the presence of H,S, CO, and
hydrocarbons.

v' Hydrate line is approximate and should not
be used to estimate gas hydrate content.

v Composition dependency of water content
cannot be obtained.
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So, let us see how this particular chart looks like that it is among the most popular of the
charts it can estimate the water content for methane content as low as 0.70 mole fraction.
So, for this small amount of mole fraction also, it can give the water content and gas
gravity is not used to in the presence of the H 2 S and CO 2 and other hydrocarbons and
in this chart, we shall see that there is a hydrate line, which tells us that whether there

will be hydrate formation or not due to the water.

So, this graph is just indicative it should not be used to know the exactly the hydrate
content, it can just tell us the demarcation that or the point below which the hydrate
reformed and this composition dependency of on the on the water content cannot be
ascertained from this kind of a chart. So, here is a typical chart of this proposed way
McKetta and Wehe, we find that on the y axis, we have the water content on the x axis,
we have temperatures and all these lines represent the various pressures and here, we
have some correction factors for the salinity for the gas relative density and here we find

that by the red line it is the position where the hydrate may be formed.

So, it is just a qualitative indication that above which there could be hydrate formation,
but it should not be used to find out the amount of hydrate in the natural gas after this we

come to some analytical techniques.
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* Accurate * Non-robust

* Quick * Not available for every
* Convenient type of natural gas

+ Easy to program * Not unique for any

given natural gas.
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And these analytical models have the advantage that, they are quite accurate and they are

quick, they are very convenient and easy to program.

On the other hand, they are not robust in the sense that they are not universally
applicable there are various analytical models already reported and are being developed
and these are not available for all type of natural gases because different depending on
the type of natural gas the source of natural gas the compositions will change. So, we
may not be able to use one particular model for all kinds of natural gases then they are

not unique even for any given natural gas.
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Types of analytical models

v Simplified thermodynamic models.

v Empirical / semi-empirical correlations
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Despite them, they are finding quite amount of applications and again, we have different
types of models with the 2 broad classifications. One was simplified thermodynamic

models and some are empirical or semi empirical correlations.
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Thermodynamic models

v' Accurate 3
v Applicable to

* Liquid-vapor,

* Hydrate-vapor,

* |ce-vapor and

* Liquid-hydrate-vapor regions.
v Difficult to solve.

vy
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So, first let us see again thermodynamic model, they are quite accurate and they are
applicable to all kinds of phase combinations like a liquid vapor, hydrate vapor, ice vapor
and liquid hydrate vapor region, there is a possibility of ice formation in natural gas

depending on the temperature and pressure due to the water content.
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Phase equilibrium in water-hydrocarbon systems

v Basis
+ At vapour-liquid equilibrium, the fugacity of a component is same in both vapour and
liquid phases.
v' Mole fraction of water in gas phase in equilibrium with liquid water (y5) is given by
LB (e -)
W=, P P RT

73.649 - 7258.2
peat = 1U'6exp<ﬁf 7307317 + 41653 10"’?2)
. 18015 62.368
I =
WE— = M=

Dy=1+4V,  py=exp(BP +CP?)

AV, = —1.0001 x 1072 + 1.33391 x 10~*[18(T - 273.15) + 32] + 5.50654 x 10~"[1.8(T - 273.15) + 32

Where D, is formation volume factor vl is specific volume of water in m? /K mol
AV, is the volume change due to temperature Py i density of water in kg/m?
Tis temperature in kelvin Band Care temperature-dependent coefficients

'~ NPTEL ONLINE Prof Pavitra Sandilya
Cryogenic Engineering Centre

IITKHARAGPUR CERTIFICATION COURSES

But these thermodynamic models are difficult to solve. So, here we put one of the
models in which the basis is this at the vapor liquid equilibrium the fugacity of a
component is same in both the vapor and the liquid phases. So, with this these a
thermodynamic condition. So, when we are equating the fugacity of a component in both
the liquid and the vapor phases, we get this kind of an equation and then we find that
these are the various parameter that is the this w is the water these, this is the vapor
pressure of water and this is given by this particular equation and we see that this
changes for the temperature, then we have the fugacity of water and we have this partial

volume of water in the liquid.

So, this is given by this expression and in this, we need the density of water which is
given by this and in this, we have another Dw, this is given in terms of some delta Vw
which is given by this particular expression and we find that this is a function of the
temperature and then we have the rtho w that is a function of pressure and this B and C

are some temperature dependent functions.

So, ultimately what we find this Vw is a function of both temperature and pressure and
here we have temperature T and pressure P. So, here the various notations are there that
Dw is some formation volume factor and delta Vw is the change in the volume due to
temperature. So, by using if we know these all these parameter values, then we can find

out the mole fraction of water in the natural gas.



(Refer Slide Time: 13:18)

‘PPR e QRSSO BN

Phase equilibrium in water-hydrocarbon systems

v Atlow pressure, ice-gas equilibrium is attained.

v Inthis case, v}, and PS™ are replaced by v}, and P as given below

v, = [19.655 +0.0022364(T - 273.15)] x 1073

o
7600

1RSSR 1 51,0557191 log T — 00977 T+ 7.0358 x 1075 T2 - 985115496

Where A = -
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Now, if there is a ice formation in that case we have this water in the ice. So, this is given
by this particular expression and is a function of the temperature and here, we find the
vapor pressure of the ice is given by this expression and in this expression, there is a
parameter a which is given in terms of temperature. So, what we what we see that in this
way, we are able to estimate the amount of water both in the ice phase if it is formed and

also in the vapor phase.

So, these expressions may be used please understand that these expressions need not be
memorized, you can refer to the various references given in this lecture to look into these
expressions and find out the various values. Now we go to some empirical or semi

empirical correlations.
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Empirical or semi-empirical correlations

v' Obtained by regression of experimental data.
v Simple, convenient and accurate within specified conditions.

v’ Less accurate in the presence of heavy hydrocarbons.
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In this, first we see that this these empirical or semi empirical relations are obtained by
regression of the experimental data, they were quite simple and very convenient and very
accurate within the specified conditions because outside the specified conditions, they
may not be giving good results because they have the regression is valid only within

some specified range, but there less accurate in presence of heavy hydrocarbons.

So, but still they are quite popular. Now in this, we have now some analytical methods

for this.

(Refer Slide Time: 15:01)
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Analytical methods for sweet natural gas

v' Obtained by regression of
+ Chart data, or

+ Experimental data
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So, we find first for the sweet natural gas sweet natural gas means we have almost no
sulfur content in it. So, again for the sweet natural gas there are some expressions which
have been obtained by regressing the chart data the chart data, we have shown already

McKetta Wehe is one of them and then we have some experimental data.
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Ning et al. method

v' Based on the McKetta-Wehe chart
v' Water content for sweet natural gas is found as
W0, sweet = (714.855 + 11T + 369.673 d — 1.42 Td) x (1 - 0.02247 §) X exp(ag + a,T + a;T%)

Y My
Where d = ¥ —2
28.966

S: Mole fraction of brine in water,

M; and y;are the molecular mass and mole fraction of component i in gas.
v The coefficients can be estimated from this table
v This correlation is valid for 0.1 MPa< P < 100 Mpa

Reference :Ning, Y.N., Zhang, H., Zhou, G., 2000. Mathematical simulation and program for water content chart
of natural gas. Chem.Eng. Oil Gas 29, 75-77
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So, let us see that what kind of chart data like Ning et al proposed one correlation, they
use the McKetta Wehe chart and this is a reference from which this has been taken and in
this we find that the water content is given by this particular expression which is a

function of temperature and this D factor is there which is given by this expression.

And here we have 1 S, this S is the mole fraction of the brine in water; that means this
particular expression is able to also make the correction for the salinity and D is taking
care of the specific gravity. Now there various correlations are there this a 0, a 1, a 2,

etcetera and these parameters may be obtained from this particular table.
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Coefficients for Ning et al. Method
g i

P/MPa [0 ay @ P/MPa g a a

0.1 -30.0672 01634 ~17452% 104 S -268976 01232 -1.1618x 1074
0.2 275786 01435 ~14%7x 10 6 =25.1163 01128 ~1.0264 % 1074
03 -27.8357 01425 -14216x 10 8 =260%41 01172 -10912x 1074
04 =739 01383 -1.3668% 104 10 -254407 01133 ~1.0425 % 1074
05 -26.2146 01209 ~12643% 1074 15 -226263 0.0973 —BA41%x 10°°
06 -25.7438 01261 —11875 % 10 20 -221364 0.0946 —8.1751 % 1078
08 -7.0AR 01334 -1,2884 x 107 30 -204434 0.0851 -7.0353x 10°°
10 -26.2406 01268 -1.1991 % 104 40 =21.1259 0.0881 ~74510% 10~5
15 -26.12% 01237 -1.1534x 104 S0 -202527 0,084 —690% x 10-%
2 -245786 01133 -1.0108 % 104 60 -191174 00773 —6.1641 % 107
2 - 24,7653 01128 -10113x 104 708k -205002 0.0845 -7.151x 10°8
4 -247175 01120 =1.0085 x 104 100 =204974 0.0838 =7.04% x 1075
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So, for various pressures, these have been listed out here. So, the pressure is from 0.1

MPa, 200 MPa that is about 1 bar 2000 bar.

So, from this table, we can get these values of the various parameters and then we can
estimate the water content in sweet natural gas and this correlation is valid for this 1 bar
2000 bar. Now we come to another type of expression which have been obtained from
the experimental data here, we have an method given by Zhu et al and we find that this is

applicable within this temperature range and within this pressure range.
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‘PP P QHL L BN

Zhu et al. method

v’ Is valid for
v 22315<T <413.15K
* 0.1<P<100Mpa

- (T - 273.45)) .
Wi,0sweet = 101325 Z o T Z bj (T -273.15)/
j=0

Jj=0

v' The coefficients can be obtained from this table

Reference:Zhu, L., Li, L., Zhu, J., Qin, L. and Fan, J., 2015. Analytical methods to calculate water
content in natural gas. Chemical Engineering Research and Design, 93, pp.148-162.
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And here is the expression for the water content in the sweet natural gas and if you go
into the literature and on this in these papers, you will find the validity of these particular
correlations and their mutual comparisons also. So, here we find again we have many
parameters aj and bj which may be obtained from this particular table given by the

authors.
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Coefficients of Zhu et al. correlation

by ] L y 0y s 7 (]
46595 LA LI 0T 20ANTR 10t L0 15675 x10 1990M6x 100 10300k 10+
b

A67551x 100 460019 6T 10 480100 QMTONI0  2003x 106 A7RRXL0% 23Rk

b

-
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So, using these a and b values, we can get the water content in sweet natural gas and this

is the reference.
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Bukacek Method

sat
Wit,0,sweet = 76190042 F% +16.016 B — 1713.26/T + 6.69449

B3 = By exp lTL (~7.858231 + 1.839917™5 — 11.78117° + 22,67050% - 15,9393t + 1.77751617%)

Feil=ly e ile=—
oW b

Where P,, and T,.,, are critical pressure and critical temperature of water respectively.
Applicable in the range of :
288.15< T < 511.15K
0.1 <P <69 MPa.
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Now, there is another method Bukacek, this is also quite popular method and here we
have these in this method, we have this various expressions and here, we are generally
not using any kind of parameters, they are coming basically from the reduced
temperature with respect to the critical temperature of water. So, this tau is defined as 1
minus T r w that is a reduced temperature with respect to the critical temperature of
water and we are using the only the critical temperature of temperature pressure of water

and water.

So, this is again the range of validity for temperature pressure for this Bukacek method.

Now after learning about the sweet natural gas, we go to the sour natural gas.

(Refer Slide Time: 18:37)
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Analytical methods for sour natural gas

v" Maddox’s component contribution model

v’ Correlations corrected by equivalent mole fraction: Robinson’s H,S model

v' Correlations incorporating acid gas effect on the physical properties

* Based on the calculation of phase equilibrium in water-hydrocarbon-
acid gas system

* Do not require the estimation of the water content in sweet natural
gas in advance.

* Most commonly used :Wang et al. method
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We have to see that what kind how these things are again modified. So, first, we have

again, | have given only a few popular methods, first, we use the Maddox’s component

contribution method.
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Maddox’s component contribution model

v' Assumes water content in sour natural gas as the sum of the contributions by
sweet natural gas, H,S and CO,.
v' Thus the water content is given by
Wy, 050ur = Whicsweet + Yeo,Weo, + Yh,sWh,s
Where subscripts ‘HC' and ‘sour’ refer to hydrocarbons and sour natural gas respectively.
All Wy, o in meg/sm®, pressure in MPa, and temperature in K.
v’ Also,
log Wykc = o + a; log P + a;(log P)?
Where NHC stands for H,S and CO,. b
V' The coefficients can be obtained from this table
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In this method, we have we it is assumed that the water content in the sour natural gas as
the total contribution due to the presence of the H 2 S and the CO 2, these the acid gases

are present.

And then what we do that the water content is given by this expression in this HC
represents the hydrocarbons and we have the CO2 and the H2S and in this the WH20O,
this the water content is given in terms of milligram per standard meter cube a pressure is
given in terms of the Mega Pascal and temperature in give in terms of the Kelvin
whenever you are using any kind of correlation, you have to understand that you have to

stick to the kind of units the correlation has been developed with.

So, and this is the for the long hydrocarbon thing that this is the expression which is

given in terms of the pressure.
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Coefficients for Maddox Model

TK €0y TK Hs8
iy a1 (1}] (]} n 5}

1998167 220797 -1058120906  0.3427 2998167 2314489 -0,678582201 03004
109278 2496936 -1036484877 03103 3109278 1504338 -0.70420576 0.3046
1275944 2930297 -0990489109  0.2400 3275044 2890856 -0.79%408896 03319
442611 318733 -0924518418 02139 442611 3241253 -0.896948037 03646

= = = = 377544 3773303 - 1.030222461 042382

- - - - 409278 4277016 -1.255345485 04897

-
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And from this table, we can get the values of these various parameters which are there in

the particular correlation a 0, a 1, a 2 for both carbon dioxide and H2S for various types
of temperatures. Now after this, the method we have another method which is the
Robinson’s H2S model because why this H2S1, this call because in this case, the total

carbon dioxide and H2S are given in terms of H2S ok.

(Refer Slide Time: 20:19)
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Robinson’s H,S model

v' Robinson discovered that saturated water content of C0, was 0.75 times
equivalence to saturated water content of H,S under the same conditions.

v' Equivalent mole fraction of H,S is given by

Vs = Vs +0755co,
v' Wichert proposed the following equation to estimate the water content of sour
natural gas
WH;O.SOUF =3 W, 0,5weet
v' F depends on temperature, pressure and equivalent H,S mole fraction.
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So, and Robinson said that the saturated water content of CO2 is about 0.75 times of the

content of the H2S under the same condition with this, what is these the equivalent H2S



mole fraction he proposed as the actual H2S mole fraction plus 0.75 of Y CO2 and then
he took the Wichert proposed this kind of an expression Wichert is another chart when
proposed in this sour natural gas content is given by the sweet natural gas content
multiplied by some factor F and this F depends on the temperature pressure and the

equivalent H2S mole fraction.

(Refer Slide Time: 21:16)
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Robinson’s H,S model

v Mohammadi F-factor

_ equi | _ W TP P
F=1 +yHZS [ 0.03185Tﬂ 0'01538Tnp0 +0.0272 "

Ty and Py are reference temperature (273.15 K) and reference pressure (0.0101MPa)
respectively.

v Itis applicable for 310< T < 420 K and 0.5 < P < 35 MPa
v To be used with McKetta-Wehe chart or modified ideal model.
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Now, with this Mohammadi gave this expression for the F in terms of the equivalent H2S
mole fraction and the some temperature pressure and T O P 0 are the reference
temperatures given by this value 273 K that is about 0 degree centigrade and reference
pressure is 0.01 Mega Pascal; that is about 0.1 bar and this is applicable for this
temperature and this pressure ranges and this use the McKetta Wehe chart or the

modified ideal model.

Now, lastly we this particular correlations are there that which are affected by the gas and
they are based on some calculation of the water hydrocarbon acid gas system and they do
not require the estimation of water content in sweet natural gas in advance. So, this is a
another one, in this, we have another correlation in this in this kind of correlations we do
not need to know the sweet natural gas water content as was required in case of Maddox

and in Robinson, here we go to Wang method.



(Refer Slide Time: 22:30)
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Wang et al. method

psat iy g
Water content in sour natural gas(mg/Sm®), Wi, 0 sour = 761900.42,,( WsourlYsal=Yig0-Ycoy)

'Fvsv‘jstour(1')’salt'yH20‘YC02)

1
Rt =R /() (1-7 ]
F(T,) = 7.21275 + a[0.745 - T,]2 + b[0.745 — T.J¢

. T
Where T, is the reduced temperature of water =
<

T, is the critical temperature of water (647.3 K)
P, is the critical pressure of water (22.12 MPa)
IfT<T, a=433 b=-185c=5,else d=3.981, h=1.05¢=3.
Psat v is the saturated vapor pressure of the water in the sour natural gas

YH,0, Yco,and Vel are mole fraction of H, 0, CO;and salt in the natural gas respectively
Reference :Wang, .Q., 1994, The simple method of calculating water contéht in natural gas. Chem. Eng. Oil Gas 23, 192-193

NPTEL ONLINE Prof Pavitra Sandilya
Cryogenic Engineering Centre

IITKHARAGPUR CERTIFICATION COURSES

And in this, we find that this is the type of correlations which is given in terms of the salt
content the co two content and we have also H20 here and; that means, we have to have
a iterative solution and here we have the expression for the Pw sat in terms of the critical
pressure and this is the function f T r, which is there in this and this is given in terms of
the reduced temperature and this critical temperature and pressure of water are given like

this.

So, with this, we can use this particular expression to find out the sour the water content
in the sour natural gas and these are range of applicability and whatever expressions with
this in this a b and ¢ are there. So, these are given by these values and if t is less than T c,
we have one set of a, b, ¢ and if it is more than T ¢, then we have another set of a, b, ¢
and this particular reference is there which gives this particular expression. Now after
this, we find that we have taken all the relationships which are necessary to know the
water content for the sweet and sour natural gas. So, we have broadly looked into the two

methods one is based on the chart and another based on some analytical models.
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And these are the references from which you can consult for further detail.

Thank you.



