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Abstract. Gas data of the Los Azufres geothermal field were
analyzed by using the FT-HSH2 method based on equilib-
rium of the Fischer-Tropsch reaction and on the combined
pyrite-hematite and pyrite-magnetite reactions. Reservoir
temperature and reservoir excess steam were estimated fc
initial and present conditions in some representative wells.
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This method was very useful in estimating reservoir temper-
atures in vapor producing wells. It was found that as the
well produces a smaller fraction of water, the reservoir tem-
perature estimation agrees qualitatively with results from the
cationic composition geothermometer. For wells dominated
by liquid it is seen that reservoir temperatures estimations
agree with well simulator temperatures. Results indicate a
decrease in reservoir temperatures in the south zone of the
field where intensive reinjection takes place.

1 Introduction

Gas equilibria in geothermal reservoirs is a useful tool to
estimate reservoir temperatures and reservoir excess stear ..
D’Amore and Truesdell (1985) proposed a grid method

named FT-HSH which is suitable to data with a relatively Fig. 1. Location of the Los Azufres geothermal field and location
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low content of non condensable gases. A method based offf Wells:

equilibria for the Fischer-Tropsch reaction and on the com-
bined expressions for pyrite-magnetite and pyrite-hematite
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(FT-HSH2) was developed (D'Amore, 1998). This considers2 1€ L0S Azufres geothermal field

more local oxidant conditions at reservoir implying the oc-
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currence of high concentration obB and relatively low con-
centration of K and NH in the fluid. FT-HSH2 method was

The Los Azufres geothermal field is an intensely fractured,
two-phase, volcanic hydrothermal system located in the

suitable to gas data from the Los Azufres and Los Humerog'0rthem portion of the Mexican Volcanic Axis, in the state
geothermal systems in order to understand the dynamics d?f Michoa@n at an average elevation of 2800 masl, (Fig. 1).

the reservoir at initial and present conditions (Arellano et al.,

1998; Barragn et al., 1999, 2000).
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At present it is the second in the country generating more
than 150 MWe (Sandoval, 2003). The field was divided in
two zones the north and the south with different character-
istics in producing fluids at starting conditions: wells of the
were steam dominated while wells in the north zone produce
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Fig. 2. FT-HSH2 grid for well AZ-17. Fig. 3. FT-HSH2 grid for well AZ-5.
two-phase fluids. The parameters FT and HSH2 are obtained from the gas com-

position according to Egs. (3) and (4), where concentrations
of gas species are taken in the total fluid.
3 Gas equilibria FT = 4log(Hz/H20) +10g(COp/H20) — log(CHa/H20)(3)
FT-HSH2 grid method (D’Amore, 1998) is based on equi-
librium of the Fischer-Tropsch reaction and another chem-
ical reaction for the HS-H,. The pyrite-hematite equilib-
rium was combined with the original pyrite-magnetite equi-
libriu*m (from FT-HSH) to obtain a equilibrium expression 4 Results
named HSH2. This method was fully described by D’Amore
(1998); Arellano et al., (1998); Siega et al., (1999); Baarag 4.1 AZ-17 south zone
etal., (1999; 2000a).

The FT-HSH2 grid is generated by the graphic solution of 19ure 2 shows the FT-HSH2 diagram for the steam well AZ-
Egs. (1) and (2): 17. In the diagram, the dark marks correspond to the initial

reference points proposed by Nieva et al. (1987) calculated
FT = logKer + 4log A + 10g Acoz — log Acta — 2log Ripo (1) by equilibrium of FT reaction for the measured reservoir

temperature. It is seen that the FT-HSH2 method overesti-
HSH2 = log Kysh2 + 3109 Axzs — 5/4 log A2 (2) mates the reservoir temperature for 1983-1988 data, which

probably indicates the source temperature of the steam. The
WhereKX is the equi”brium constant and the coefficient anomalous point with h|gh)}" value Corresponds to a sam-

HSH2 = 3log(H2S/H20) — 5/4 log(H2/H20) 4)

for every species is defined by: ple taken one week before the September 1985 earthquake.
ify=0:4 =y+@Q-y/BiandIfy <0: A =  For 1997-2000 data, a drop in temperature due to the drop
1/(Bi(1+y — yBi)) in reservoir pressure and an increase i Values were ob-

Where ‘y" is the reservoir excess steam afigis the dis-  tained. Those effects are due to exploitation.
tribution coefficient for every gas as a function of tempera-

ture (D’Amore, 1992). The expressions for the equilibrium 4.2 AZ-5 north zone

constants (log Krand log Kysy2) are functions of absolute

temperatureX) and are given by: Figure 3 shows the FT-HSH2 grid for well AZ-5. This well
produces two-phase fluids with an average steam fraction
logKpr = —4.33—(8048/ T) + 4.635log T) at separating conditions of 0.73. In the figure, the points
corresponding to 1985-1987 indicate reservoir temperatures
log KqsH2 = 7.609— (6087/T) — 0.4121logT) lower than the reference temperature of 3D@obtained by

CCG) and lowery values than that calculated for the refer-
log P20 = 5.51— (2048/T) ence. As an explanation it could be stated that in the past,
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there was a steam “cap” in the field that was not at full equi- rollo de un modelo &sico actualizado del yacimiento de Los
librium with the reservoir liquid phase. With exploitation, it ~ Humeros, Puebla. Report for the CorbisiFederal de Electri-
seems that equilibrium was attained, since data for 1998— cidad, 450 p., 1998.

2000 indicate an average reservoir temperature of@8g Barragin,R.R. M, Arellano, V. M., Nieva, D., Portugal, E., Giarc
while 284 C is the value obtained by TCCG, geothermome- A Aragon, A., Torres, 1., and Tovar, R.. Gedauica de gases
ter (Nieva and Nieva, 1987) which is based on the liquid 96! 63mpo ge@rmico de Los Humeros, Pue., @co). Geoter-

hase composition. Reservoir steam values range betwe mia, Rev. Mex. de Geoendeg 15, (3), 183-193, 1999.
85and 5(yp ’ g eIg;]arrag'am, R. R. M., Portugal, M. E., and Arag, A.: Estudio
. 0.

isotbpico de fluidos de pozos productores y de reiny@tdel
campo gedirmico de Los Azufres, Michoaa. Report for the
Comisbn Federal de Electricidad, 144 p., 2000.

Barragan, R. R. M., Arellano, V. M., Nieva, D., Portugal, E., Gac
A., Aragon, A., Tovar, R., and Torres, I.: Gas geochemistry of the
Los Humeros geothermal field,84ico. Proc. World Geothermal

5 Conclusions

Two representative wells were studied using the FT-HSH2

method. For the south zone where reinjection is important, Congress (2000), Kyushu-Tohoku, Japan, 2527-2532, 2000a.
the well AZ-17 ,ShOYV?q a decr_e_ase of about@Sn tem- D’'Amore, F. and Truesdell, A. H.: Calculation of reservoir tem-
perature regardlng initial condltlor?s. In well AZ-5 (north yeratures and steam fraction from gas compositions. Geoth. Res.
zone) reservoir temperatures provided by FT-HSH2 method coun. Trans., 9, part 1, 305-310, 1985.
are close to TCCG estimations which indicates fluid equi-D’Amore, F.: Time evolution of chemical and physical parameters
librium at present time. For other wells such as the AZ-9 of the reservoir fluid in Ahuachapan geothermal field (El Sal-
(north zone) FT-HSH2 temperatures approach the values ob- vador). Report for the IAEA, 210 p., 1998.
tained by WELFLO well simulator then for those wells the Nieva, D., Verma, M., Santoyo, E., Barag R. M., Portugal, E.,
last equilibrium for the gas phase occurs in the entrance of ©Ortiz, J., and Quijano, L.: Chemical and isotopic evidence of
the well. This method was very useful in studying data from steam upflow and partial condensation in Los Azufres reservoir.
dry steam wells where no liquid phase is available to esti- Proc. Twelfth Workshop on Geothermal Reservoir Engineering,
te reservoir temperatures. It was noticed that as the well Stanford Univ,, 253259, 1987. i ;
ma ) P . : . Riieva, D. and Nieva, R.: Developments in geothermal energy in
have a high steam fraction FT-HSH2 method provides better \jexico-Part Twelve. A cationic geothermometer for prospecting

estimations. of geothermal resources. Heat Recovery Systems & CHP, 7, 243—
258, 1987.
Siega, F. L., Salonga, N. D., and D’Amore, F.: Gas equilibria con-
References trolling H5S in different Philippine geothermal fields. Proc. 20th
; ; . Annual PNOC-EDC Geothermal Conference, Manila, Philip-
Arellano, G. V. M., Gar@, A., Barragn, R. M., Izquierdo, G., pines, 29-35, 1999.

Aragon, A., Nieva, D., Portugal, E., and Torres, I. S.: Desar-



