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A GAS CORRECTION FOR THE SEPARATOR METHOD

USED IN GEOTHERMAL WELL TESTING
SUWANA

Pertamina EP-Divisi Panasbumi,Jakarta, Indonesia

geothermal well can be tested for i t s performance by using several methods, one of them is known as
separator method. This method usee a pressure separator t o separate vapour and l i q u i d phases of the geothermal f l u i d ,
after wbich flowrate of each phases are measured separately. The vapour phase of the f l u i d consirts not
o n l y of steam but also of gases, The presence of these gases i n steam, which may have concentrations ranging from t o

or 30% by weight, is usually ignored the flowrate Later on this results coald cause some i n
designing the power plant because the designing engineers need t o have precise data about the of the
well. using the gas data obtained from chemical analysis of gas taken during tbe period of well t e t t ing , it is
now possible to rake correction for the separator method used i n geothermal well testing.

After dril l ing a geothermal well i s completed, several
tests should be carried out i n order t o calculate the
performance of well. The f i r s t t e s t i s usually
carried out by the James' l ips pressure method,
which i s simple and easy although the results are o n l y
approximate. this tes t would give approximate results
about flow rate the discbarge enthalpy of
the well only a t a particular condition. Following thie,
anotber test ahould be which is known as the
separator and would give a better reeult than
the tes t mentioned earlier. This needs
several weeks t o be completed and involves a number of
different measurements and continuously as
well. Because of lirited data, usually the gas content i n
stear i s ignored during the calculations, since it i s
sometires that the small amount o f gas should
give only very l i t t l e error to the

the design during the preparation of
the conceptual of the power plant would like to

precisely what k i n d o f fluids and how tbe well
behave upon different conditions they are dealing with.
Very often the results from t h e mentioned separator

tests do not their reqairerent because
results do no t show precisely the distributions of

the components that geothermal f l u i d . tometires they
even requested t o repeat the t e s t or t o redo the
calcalatione from tes t which are t i r e and money
consuming.
By using the gas data from specific taken during
the test, i t i s possible t o corrections t o the test
results, which then give more accurate data t o fulfill
the requirements of design engineers; preventing
unnecessary time and money spending the future .

geotherral f l u i d consist of three phases; the l i q u i d
phase (major fraction) which is usually a solution of

(and gases) i n water, the which
have water vapoar (s tear) and gases as ita
and the solid phase (minor fraction) which consists of
entrained from the reservoir. This fluid from

reservoir underneath i s brought to the surface eitker
naturally or by using artificial method.
way t o the physical occur
relation t o changes i n physical condition it
for the l iqu id phase loses some of its water due
to the flarhing, and the phase gained more

due to process i n the l iquid .
At surface this f luid i s directed t o a k i n d o f
pressure known a separator, where
of the phases i s carr ied oat a aontrolled
condition. The vapour phase is directed to flow inside a 
different pipe (the Steaa-Line) where flow
are The l i q u i d phase also the solid
phase) is directed t o another pipe (the then
through another vessel is as t h e sileacer.
The silencer i a actually an atmospheric where

high pressure l i q u i d i s introduced to an atmospheric
pressure condition, letting part of the l i q u i d t o flash
into and giving an opportunity t o measure the flow
of the remaining l i q u i d phase

The flow rate of of the geothermal f l u i d
is calculated by using the differential pressure method;
that is t o measure the pressure difference generated
between the and sides of an orifice
plate installed steam line.



basic equation for the vapour phase flow measurements
is taken from British Standard (Part 1: 1961
as follows :

equation (1)

where : f low rate,
C Basic coefficient

Correction factor,
Reynolds lumber correction factor
Pipe correction factor

factor
B Velocity approach factor,

Area ratio, or
a Cross-sectional area (downstream),
A Cross-sectional area (upstream)

Non dimensional factor, value equal t o
acceleration of gravity, 32.1710

Fluid density at upstream
condition, 1 f

= Differential press.,

Another equation, which is called the working equation,
was derived from the basic equation according t o the
types of o r i f i ce plate (square-edged and pressure
tappings ( D and installed, and values
which are constant such as and also by using units of
measurement which are more convenient t o be applied i n

field as follows :

angle of weir, degrees
acceleration of gravity, 9,80665
height of l iqu id above weir,

the flow rate of the i n the
is : q VI or,

( 4 )

where : specific volume of liquid,
90'
acceleration of gravity, 980.665

E of l iqu id above weir,

To calculate the flow of l i qu id i n the water line
the steam fraction a t the silencer is f i r s t calaulated by

this equation :

where : l i qu id enthalpy in the waterline
l i q u i d enthalpy i n the weirbox
vapour enthalpy the weirbox

and the result is used i n the following equation :

(5)

The uncorrected total flowrate of the well i s tbe
of the vapour phase and the l iqu id phase flowrates :

equation

where : Vapour flow rate,
d Orifice diameter,

Pipe diameter,
Differential

, abs
phase specific volume,

The values for the basic coefficient ( C ) , the pipe
correction factor ) the Reynolds number correction
factor and the velocity approach factor ( B ) can be taken
from corresponding

2.2 Liquid floe

flow of the remaining l i q u i d , af ter allowing it t o
flash i n t o an atmospheric pressure condition a t the
silencer, i s measured by using a triangular weir i n an
open channelI The result are then recalculated t o tbe
condition i n the water line.

The volumetric f low ra te o f l i q u i d i n the open
is calculated according to the basic equation

(Bean 1911, p :

where : q volumetric flow rate,
flow coefficient

(3)

And the uncorrected discharge enthalpy i s
calculated b y u s i n g the resul t s of those two flow
measurements as follows :

3.

equation (6)

can' be seen from equations above, some values the
specific enthalpy h ) and the specific ( = v ) of
the vapour phase, are taken directly from a steam table
using measured pressure or data Since there
are two components i n vapour phase and EO

the to t a l pressure i n the steam l ine i s the of
partial pressures of steam and and this make
the values taken from steam tables would be
incorrect.

In order to calculate the partial pressure of the gas, it
is necessary t o know the concentration gaaes i n
the vapour phase a t a particular condition. sarpling
hole was dr i l l ed i n t o the steam l ine , a few meters

upstream the or i f i ce , where a sampling
separator could be installed and sarplee could be
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collected using vacuum flasks containing caustic soda
Vet analysis was carried o a t i n the

field laboratory as soon as sampling were completed,

3. Correction procedure

First calculate tbe role fraction and the weight
fraction of gas by using the chemical data from
the field laboratory, Then calculate the partial pressure
of stear which i s equal t o P and find the
values for the specific volume and the specific
enthalpy for the steam at the measured terperature
and the corresponding partial pressure of the stear from
the stear table ,

- Calculate the partial pressure of the gas which
i s equal t o ( P then f i n d the specific enthalpy of
the gas a t the measured terperature and the corresponding
partial of tbe gas fror tbe gas table, At
p o i n t , for practical purposes, an assumption that the
gases i n the vaponr phase only of had t o be

a1t h o u g h the analysis i t s e l f sbows
concentration of , and the residual This
not absolutely true b u t previous experiences show that
the corponent of the gases geothermal
steam i s

Calculate specific volume o f the vapour phase
(mixture gas and steam, f o r tha t pa r t i cu l a r
condition

the mass f low rate for the vapour phase
by substituting value of for i n t o

equation ( 2 ) then recalculate the flow rate for eacb
component follows :

Finally recalculate the total flowrate and
discharge enthalpy equations ( 5 ) aad ( 6 ) :

t t

t

3.3 of correction

This method for correcting mass flow rate and discharge
enthalpy data had been applied t o test results well

i n Field during a test period between April
and August 1989 (Suwana, 1989, During this period,
the well discharged well head pressures,
eacb preesure setting was held for a duration of 5 days,
while the separation pressure naa held constant a t around

During each wellhead pressure setting, gas
sampling were carried out every second and f i f t h day and
at each sampling a minimum o f two sarples were
collected which were analysed i n the f ie ld laboratory
soon as sampling accomplished,

The f o l l o w i n g is an example of calculation for gas
correction using data :

mole fractioa of the gas 0,0115
fraction of gas

partial pressure of stear 8.1158
- specific volure of stear

specifia enthalpy of steam 2766.8
partial pressure of gas 0,0371
specific enthalpy of
specific volure of 250,911,
corrected vapour phase flow rate
steam flow rate 15892
gas flow rate
corrected total flow rate :26980
corrected discharge enthalpy 1940

Tables 1, 2 and 3 some data selected fror the
results of testing well Data about the physical
condition of the well with the rncorrected results i s
presented i n Table The result of gas and
chemical i s presented i n Table table 3
the results after gas correction had applied.

----e ----I---------.--

3 9.30 169.5 16661 10146
18 7 . 6 1 7.61 10208 32805 2131
28 1.50 9360 13814 23204 1548
39 7 .50 15986 15885 31851

Table : Gas data

----

It found that the results of
flow rate rre the
fror tbe original calculation. made the
corrected total flow rate enthalpy

before. 1, 3
difference of fror two
data (A tbe average values on

lines
using
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, 1 : Vapoar flow rate Uellhead Pressure

I I I I I I

Figure : Total flow rate Uellhead pressure

Figure 3 : Vellhead pressure

Table 1 sbows di f fe reacer between the
calculations. I t shows that the m o u n t of i n the
vapoar phase rap have a rather direct inflnence t o the
difference of the results from the two

Table 4 : Difference of results
-----------------

No. Xi Differ.
(- - - ( - - - )

3 1.97 16651 16334 317 1.90 1980 2.02
18 2.03 22597 22274 323 1.13 2131 2099 32 1.50
28 3.00 9360 9162 198 2.11 1548 1515 33 2.13
39 15986 215 1.53 1750 29

To evaluate the influence o f the gas content i n the
vapour phase, a statistical test known regression
line method bad been carried oat. Values o f weight
fraction of gas i n vapour were used independent
variables and difference between tbe tno values of
the specific volume of the vapour phase, of the flow
rate ca lcu la t ions and of the discharge enthalpy
calculations were used as dependent variables. The
regression o u t p u t for correlation between the amount
of gas i n vapour (X's) and the differences between tbe
three dependent variables (Y's), both i n percent ( X ) , are
as follows :
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DB
--------

Constant 0,2515 0. moo
Btd Brr of Y 0.1169 0.0533

0.9998 0.9663
No. of 42
Deg. of 10 40
X Coefficient
Std Err of Coef

--------

This s t a t i r t i c a l resu l t s show that there i s a good
correlation between mount of gas the vapour phase
and the difference the specific volure data, as is
expected. The correlation between that arount of gas i n
vapour t o the difference i n the flow ra te i s

this i s understandable because the total
mass f l o w rate i s also influenced by l i q u i d f low
rate, was not corrected,

it is also found from reaults there i s a

good correlation between tbe of gas i n vapour
phase and the difference i n the enthalpy data,
although i t i s s t i l l no t clear the f i r s t and the
third regression linea do not have an intersection point
of instead of and shown by the
regression

5.

It been shown that gas correction for the separator
method used in geotherral well is t o be
carried o u t .

taken well tes t results showed
that tbe differences between the uncorrected and the
corrected data is directly related t o
the gas concentratioas i n the vapour phase. For a gas
conceatration between 1 . 9 t o 3.1 weight, the
corrected enthalpies will be t o 2 .3
smaller than the uncorrected ones

these t o be close t o the
error i n the mass flow rate and discharge enthalpy
calculations (about 1 this of correction
i s worthwhile t o be done, for wells with
higher content
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