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A GAS CORRECTION FOR THE SEPARATOR METHOD
USED IN GEOTHERMAL WELL TESTING

ARDI SUWANA

Pertamina EP — Divisi Panasbumi,Jakarta, Indonesia

SUMMARY - A geothermal well can te tested for its performance by using several methods, one of them is known as the
separator method. This method usee a pressure separator t0 separate the vapour and liquid phases of the geothermal fluid,
after which the flowrate of each phases are measured separately. The vapour phase of the geothermal fluid consirts not
only of steam but also of gases, The presence of these gases in steam, which ng have concentrations ranging from 0.05 to
20 or 30% by weight, is usually ignored ia the flowrate calculations, Later on this results coald cause some prodlens in
designing the power plant because the designing engineers need t0 have more precise data about the performzmce of the
well. 87 using the gas data obtained from chemical analysis of gas saaples taken during tbe period of well tetting, it is
now possible to rake correction for the separator method used in geothermal well testing.

1. INTRODUCTION

After drilling a geothermal well is completed, several
tests should be carried out in order to calculate the
performance of the well. The first test is usually
carried out by usisg the James lips pressure method,
which is simple and easy although the results are only
approximate. this test would give approximate results
about the xzss flow rate and the discharge enthalpy of
the well only at a particular condition. Following thie,
anotber test ahould be coaducted which is known as the
separator method and would give a mueh better reeult than
the test mentioned earlier. This test usually needs
several weeks to be completed and involves a number of
different measurements siaultaaeously and continuously as
well. Because of lirited data, usually the gas content in
stear is ignored during the calculations, since it is
sometires thought that the small amount of gas should
give only very little error to the results,

fowever, the design engiasers during the preparation of
the conceptual design of the power plant would like to
know precisely what kind of fluids and how the well
behave upon different conditions they are dealing with.
Very often the results from the mentioned separator
rethod’s tests do not fulfilled their regairerent because
the results do not dow precisely the distributions of
the components in that geothermal fluid. tometires they
even requested to repeat the test or to redo the
calcalatione from the test which are tire and money
consuming

By using the gas data from specific sasples taken during
the test, It is possible to make corrections to the test
results, which then give more accurate data to fulfill
the requirements of tke design engineers; preventing
unnecessary time and moey spending iz the future.

2. TER SEPARATOR METHOD

A geotherral fluid consist of three phases; the liquid
phase (major fraction) which is usually a solution of
winerals (and gases) in water, the vaposr phase which asy
have water vapoar (stear) and gases as ita components,
and the solid phase (minor fraction) which consists of
entrained particles from the reservoir. This fluid fam
the reservoir undermeath is brought to the surface eitker
naturally or by using sone artificial method. Duriag its
way t0 the surfsace, various physical changes occur in
relation to changes in physical condition it eagounters;
for example the liquid phase loses some of itS water due
to the flarhing, and the vapour phase gained soze more
gasee due to the exsolution process in the liquid phasgs.

A the surface this fluid is directed to a kind of
pressure vassel, known as a separator, where separatioa
of the phases is carried oat wadsr a aontrolled
condition. Tre vapour phase is directed t0 flow inside a
different pipe (the Steaa-Line) where flow neagurenents
are conducted, The liquid phase (aad also the solid
phase) is directed to another pipe (the ¥atesz-Liae} then
through another vessel which is known as the sileacer.
Tre silencer ia actually an atmospheric separator where
the high pressure liquid is introduced to an atmospheric
pressure condition, letting part of the liquid to flash
into vapoer and giving an opportunity to measure the flow
of the remaining liquid phase.

2.1 Vapour phase flow measuremeats

Tre flow rate of the vapour phase of the geothermal fluid
is calculated by using the differential pressure method;
that is to measure the pressure difference generated
between the upstreaw and downetrean sides of an orifice
plate installed iaside the steam line.



The basic equation for the vapour phase flow measurements
is taken from British Standard 1042 (Part 1: 1961 p, 17}
as follows :
W=CLEBa(lgypaP)s --- equation (1)
where : ¥ = Mass flow rate, 1b/s

C = Basic coefficient

Z = Correction factor, 2132y

&1 = Reynolds lumber correction factor

Zy : Pipe site correction factor

€ : Expansibility factor

B = Velocity approach factor, 1/(1-n2)0:!
» = Area ratio, (&/4) or (d/D)?

a = Cross-sectional area (downstream), ft?
A = Cross-sectional area (upstream),ftt

g¢ = Non dimensional factor, value equal to
acceleration of gravity, 32.1710 ft/s!
p = Fluid density at upstream
condition, Ib/ft!
«f = Differential press., 1bf/ft

Another equation, which is called the working equation,
wes derived from the basic equation according to the
types of orifice plate (square-edged)} and pressure
tappings (D and D/2) installed, and substitutiag values
which are constant such as g, and also by using units of
measurement which are more convenient to ke applied in
the field as follows :

Wt = 39.59172 C 2 €R dt (oP / wy)*-5 --- equation (2)

where : Wt = Vapour flow rate, tg/h
d = Orifice diameter, n
D = Pipe diameter, n
¢ = Differential press,, kgf/em
P = Upstrean press., Igf/cat abs
vy = Yapour phase specific volume, ca?/g

The values for the basic coefficient (C), the pipe size
correction factor (Zi1) , the Reynolds number correction
factor and the velocity approach factor (B) can ke taken
from the corresponding {raghs.

22 Liquid floe naasarensats

The flow of the remaining liquid, after allowing it to
flash into an atmospheric pressure condition at the
silencer, is measured by using a triangular weir in an
open channel. The result are then recalculated to the
condition in the water line.

The volumetric flow rate of the liquid in the open
channel is calculated according 10 the basic equation
(Bean #.8., 1911, p 117} :
q = (8/15) C (tan (0/2)} (2 ge BS)*-8  --- equation (3)
where 2 q : volumetric flow rate, n!/s

€ = flow coefficient

0 : angle of the weir, degrees
¢. = acceleration of gravity, 9,80665 /st
b = height of liquid above weir, »

8o the nass flow rate of the liguid in the weirbox (W, ¥?)
is:¥:=q9/w or
M - 1.92C (2 ¢ge B5)*-% /v kg/hr  --- equation (4)
where : vi = specific volume of liquid, cm?/¢g

e =90

g; = acceleration of gravity, 980.665 ca/s!

E = height of liquid above weir, cu

To calculate the flow of liquid in the water line (W ¥®),
the steam fraction at the silencer is first calaulated by
using this equation :

8P = (hi¥e - by ") / (By¥ - by ¥¥)

where : b ¥¢ = liquid enthalpy in the waterline
¥ = liquid enthalpy in the weirbox
be** = vapour enthalpy iz the weirbox

ad the result is used in the following equation :

hee - WY/ (1 -8R --- equation (5)
The uncorrected total flowrate of the well (W 2T) is the
sur of the vapour phase and the liquid phase flowrates :

W IO 2 5L o4 s

And the uncorrected discharge enthalpy (DB¢) is
calculated by using the results of those two flow
measurements as follows :

DB = [(W%% hy) + (W% bi)] / W™*T - equation (6)

3. GAS CORRECTION
3.1 Nethodology

dg can' be seen from equations above, some values like the
specific enthalpy (= h) and the specific voluae (=v) of
the vapour phase, are taken directly from a steam table
using measured pressure or temperatuze data. Since there
are two components in the vapour phase (stsss and gas) Eo
the total pressure in the steam line is the sus of
partial pressures of the steam and the gas and this nde
the values taken from the steam tables would be
incorrect.

In order 0 calculate the partial pressure of the gas, it
is necessary to know the concentration of the gaaes in
the vapour phase at a particular condition. 8o a sarpling
hole was drilled into the steam line, a few meters
upstream the orifice, where a ¥ebtre type sampling
separator could be installed and gas sarplee could ke



collected using vacwm flasks containing caustic soda
solution, Vet chemical analysis wes carried oat in the
field laboratory as soon as sampling were completed,

32 Correction procedure

- First calculate tbe role fraction (¢} and the weight
fraction (I;) of the gas by using the chemical data from
the field laboratory, Then calculate the partial pressure
of stear (PPy} which is equal to P {1 - Ng), and find the
values for the specific volume (v;] and the specific
enthalpy (bs} 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 {PPg¢} which
is equal to (P - PPy} then find the specific enthalpy of
the gas at the measured terperature and the corresponding
partial pressure of the gas fror tbe gas table, A this
point, for practical purposes, an assumption that the
gases in the vaponr phase cansists only of €0y hed to be
tade, although the analysis itself shows the
concentration of €0;, H:8 and the residual ges. This ig
not absolutely true but previous experiences show that
the major corponent (> 90%) of the gases iz geothermal
steam is C0.

- Calculate the specific volume of the vapour phase
(mixture gas and steam, v,4) for that particular
condition.

- Recalculste the mass flow rate for the vapour phase
(Weg®%) by substituting the new value of veg for vy into
equation (2) then recalculate the asgs flow rate for each
component as follows :

[ :'u “.-h’ and 'l:'r"g

- Finally recalculate the total mass flowrate and the
discharge enthalpy by usiag equations (5) aad (6):

Wet®T = [(Wy%F ¢ WedE ¢ Wy¥e)) and

DB = [(W¥% he) € (W*S he) 4 (W% bi)] / WeTot

3.3 Brxample of correction

This method for correcting mass flow rate and discharge
enthalpy data hed been applied to test results fros well
DNGOY in Dieng Field during a test period between April
and August 1989 (Suwana, 1989, 1980}, During this period,
the well was discharged at various well head pressures,
each preesure setting was held for a duration of 5 days,
while the separation pressure naa held constant at around
7.5 kg/cmt ¢. During each wellhead pressure setting, gas
sampling were carried out every second and fifth day and
at each sampling a minimum of two gas sarples were
collected which were analysed in the field laboratory ss
soon as sampling accomplished,

The following is an example of calculation for gas
correction by using data no.3 :

- mole fractioa (¥¢} of the gas = 0,0115

- weight fraction (I¢) of the gas = 0.0270

- partial pressure of stear (PP} = 8.1158 Ig/ca' a.

- specific volure of stear {ve) = 244,14 cn? /g
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- specifia enthalpy of steam (he) = 2766.8 &J/k¢

- partial pressure of gas (PPg) = 0,0371 kg/cnt a.

- specific enthalpy of gas (hg) = 869.§ BJ/k¢

- specific volure of steantgas (veg) = 250911, ca? /g

- corrected vapour phase flow rate (WygS%) = 18334 kg/h
- steam flow rate (W, 8%} = 15892 kg/h

- gas flow rate (Wg*t) = 441 kg/h

- corrected total flow rate (We™®?} -26980 kg/h

- corrected discharge enthalpy (DB} = 1940 &J/kg

Tables 1, 2 and 3 show some data selected fror the
results of testing well DNG0§., Data about the physical
condition of the well with the rncorrected results is
presented in Table 1. The result of gas saapling and
chemical saalyzis is presented in Table 2, table 3 show
the results after gas correction had beea applied.

Table 1 : Uncorrected test resulfs

HU- Pl’l Pi" Pll p'i Tli "li "ﬂ. 'ITIT Dg.
S ksc g. ===-} ( *C} (--=- kg/h -=--- ) kd/ke
3 29,84 7.73 930 7.83 169.5 16661 10146 27098 1980
18 10,00 7.61 7.30 7.61 168.0 22597 10208 32805 2131
28 40.13 1.50 7.30 7.50 170.0 9360 13814 23204 1548
39 20,73 7.50 7.30 7.50 170.0 15986 15885 31851 1756
Table & : Gas data
No. P¥#»  RR§ C0; H:8 PR ¥
ksc ¢ (mmol/100 mol H20) (--- ¥ --)
3 1.3 56.2 1065 47.8 1.15 2.70
18 7.00 50,7 787 38.2 0.87 .03
28 7.20 54,7 1178 68,0 1.28 3.00
39 7.30 41.0 845 505 0.93 2.18
Table 3 : Corrected results
No. Wi¥b W0t WSt Werer DR,
(===mmees kg/h ~=---v-- | kifkg
3 10446 15892 441 26780 1940
18 10208 21822 452 32482 2099
28 13844 8887 275 23006 1515
39 15865 15399 342 31606 1721
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Figure 2 : Total flow rate vs Uellhead pressure
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Figure 3 : Digeharge Zathsipy va Vellhead pressure

Table 1 shows the differeacer between the twe
calculations. It shows that the mount of gas in the
vapoar phase rap have a rather direct inflnence to the
difference of the results from the two caleulstions.

Table 4 : Difference of results

............................

No. Xi Wit 'll" Differ. DB| DB Differ.

Y (-kg/b o) % (- RIKE ) 3
3197 16651 16334 317 1.90 1980 1840 40 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 2,18 15986 15741 215 1.53 1750 1721 29 1.66

To evaluate the influence of the gas content in the
vapour phase, a statistical test known as the regression
line method bad been carried oat. Values of weight
fraction of gas in vapour (= ;) were used &t independent
variables and the difference between the tno values of
the specific volume of the vapour phase, of the mags flow
rate calculations and of the discharge enthalpy
calculations were used as dependent variables. The
regression output for the correlation between the amount
of gas in vapour (X's) and the differences between the
three dependent variables (Y*s), both in percent (X), are
as follows :



I 2w Xgocwrer I, (B

------------------

Constant 0.1127  0,2515 0. Moo
Btd Brr of Y 0.0079  0.1169 0.0533
R Squared 0.9998 0.4901 0.9663
No. of Obsv. 42 12 42
Deg of Freedon 10 40 40

X Coefficient -1.4821  0.2983 0.7433
Std Err of Coef 0.0032  0.0481 0.0219

This statirtical results show that there is a good
correlation between the mount of gas ia the vapour phase
and the difference in the specific volure data, as is
expected. The correlation between that arount of gas in
vapour to the difference in the msse flow rate is
ingigaificant; this is understandable because the total
mass flow rate is also influenced by the liquid flow
rate, which wes not corrected,

But, It is also found from these reaults thst there is a
good correlation between tbe amount of gas in the vapour
phase and the difference in the discharge enthalpy data,
although it is still not clear wky the first and the
third regression linea do not have an intersection point
of (0,0) instead of (0,0,1L} ad (0,0.02) as shoan by the
regression celeulation,

5. CONCLUSIONS

It bas been dhown that 2 gas correction for the separator
method used in geotherral well testiag iS possible to be
carried out.

The zxaaplss taken from well DNGOY test results showed
that tbe differences between the uncorrected and the
corrected discharge esathalpy data is directly related to
the gas concentratioas in the vapour phase. For a gas
conceatration between 1.9 to 3.1 % by weight, the
corrected discharge enthalpies will ke 1.6 to 2.3 §
smaller than the uncorrected ones.

Although these corrections zees to be small, close to the
error in the mass flow rate and discharge enthalpy
calculations (about 1 ¥}, this method of gas correction
is worthwhile to be done, especially for wells wih
higher gas content.
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