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Abstract 

Wells drilled above and within the margins of upflow regions in most PNOC-EDC geothermal 
fields produced acid f lu id  during initial discharge tests. The acid wells commonly discharged SOrrich 
waters with varying amount of CI and dissolved cations. Watersporn very hot (>28OoC) reservoir contain 
excess CI concentrations, suggesting that their acidity is partly caused by HC1 Jrom, most likely, a 
volcanic source. In most wells, the dissociation of HSO; results to a sharp decline in pH as the fluids 
ascend. Boiling models also show that for reservoir waters with substantial amount of HCOr- pH 
increases as a result of boiling. This is due to exsolution of C02 into the steam phase. In general, except 
for the magmatic reservoir waters which have inherently low pH at depths, fluid pH at reservoir conditions 
is about 5.0 which is near-neutral at high temperature conditions p 2 5 0  ‘17). 

1.0 INTRODUCTION 

In various fields that are being explored, developed and exploited by PNOC-EDC (Fig. l), a 
number of wells produced acid fluids during initial flow tests, hours to few days from the start of fluid 
discharge. These wells are located above or w i h  the upflow+utflow margins of the geothermal systems. 
Most of them were drilled adjacent to volcanic features 
like domes such as in Mt. L a b  and Southern Negros; 
or within structures like craters and collapse such as in 
Mt. Apo, Leyte (Mahanagdong and Alto Peak) and 
Bacon-Manito. 

The occurrence of corrosive flluids in 
Philippine geothermal systems has been discussed and 
evaluated by several geochemists (Solis, 1988; Ruaya et 
al., 1991; Ramos-Candelaria, 1992; Salonga, 1995; 
PanlIa et al., 1995; PNOC-EDC, 1994-1995). Thls 
pper presents a synopsis of a large chemical database 
of selected wells from production fields (BGPF, SNGF), 
development fields (Alto Peak and Mahanagdong in 
Lqte; Mt. Apo in Mindanao) and an exploration area 
@It. Lab ,  southern Luzon). Wells drilled in Mt. 
Pinatubo in 1989 before it erupted in 1991 were also 
included to represent acid waters Gth active magmatic 
input (Ruaya et al., 1991). The collation of these 
chemical data is intended to: 1) characterise the fluid 
chemistry of acidic reservoir waters, 2) identlfy the 
chemical species contributing to the fluid acidity. and 
3) evaluate the effects of boiling on pH. 
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Fig. 1 Location map of PNOC-EDC geothermal 
project sites cited in this paper 



2.0 WATER CHEMISTRY 

Most of the wells discharged acid Cl-SO, type of water based on pH and relative concentration of 
C1, SO4 and HCG (Fig. 2). Some of them (i.e. MG-gD, PIN-3D, Ap-7D) which originate from very hot 
(>280°C) reservoir are characterised by excess c r  content, suggesting that their acidity is partly intrdced 
by HCl from, most likely, a volcanic source. The representative chemistry of water samples are shown in 
Table 1. Acid cl-So4 waters .with no excess C1 appear to have relatively higher amount of SO4 
(>lo00 m a g )  than those with excess C1 except PIN-2D. The acid S04-Cl waters show intermediate SO4 
levels (-800 mglkg). 

Laboratory pH (at 25OC) ranges from about 2.0 (AP-7D) to 5.0 (EL-ID). Although sigmficant 
variations are shown by Mg and Fe (Table l), they are considerably high compared to typical neutral pH 
fluids which normally contain less than 1.0 ppm of both species. Part of the Fe content is probably derived 
from casing corrosion. Generally, Na, K and Si@ are consistently high. Well PIN-3D waters contain 
exceptionally high concentrations of cations (Na, IC, Ca) which are apparently leached from the resemoir 
rocks. On the other hand, Well CN-2RD in Bacon-Manito shows the lowest Na, K and C1 but also high 
SO4, which typifies the acid S04-Cl waters. These fluids were derived from the oxidation of H2S at shallow, 
near-surface depths which migrates downwards into the reservoir, producing the ex-ensive near-surface acid ' 

alteration zones in the Cawayan sector of the Bacon-Manito geothermal field (Solis, 1988) 

Well AP-7D (Alto Peak) discharged steamdominated fluids with C1 concentration of only 2058 
mgkg which is lower than the C1 level in adjacent wells (Ap-2D, 3500 mglkg). Steam condensates 
apparently form during discharge of these wells, and dilute the upflowing C1 waters which also results to 
lower Na, K and C1 not reflective of their high-temperature source. 

c1 

so4 HCO3 

Fig. 2 CI-SO4-HC03 Ternary Plot 
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Table 1 Representative Discharge Water Chemistry 
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3.0 STEA&lCHEMETRY 

The amount of CO, in the steam discharges (Table 2) varies from about 86% vol (LG-ID) to as 
hgh as 98% vol (PIN-3D), while H2S ranges fiom 1.5% (PIN3D) to as much as 11.8% (KN-ID). Well 
AP-7D and PIN-3D yield very high level of H2S (>300 mmoles/100 moles steam), .suggesting relative 
proximity to or more direct communication with a degassing magmatic body. In general, magmatic fluids 
(AP-7DPIN-3D) and those originating from reservoirs with temperatures less than 3OOOC are associated 
with higher levels of CQ and H2S. 

An assessment of the probable origm of the gases is shown in Figure 3. The gases, apparently. are 
of diversed origins. For example, the very high amount of C02 and the sigdicant concentration of CHI in 
CN-2D were probably partly derived from the sediments underlying the Pocdol Volcanics in the Bacon- 
Manit0 geothermal field The magmatic gases fiom Mt. Pinatubo (Ruaya et.al., 1991), on the other hand 
contain very low Cb, very hgh CQ and substantial N2. The very low concentration of CH, and of the 
other gases in Mt. Apo wells 0, however, is more likely due to prolonged interaction of the gases with 
the rocks and the water within a large structural depression known as the Sandawa Collapse. 

, 

The concentration of C02 and H2S are correlated with source temperature in Figure 4. Generally, 
wells with higher temperatures discharged steam with lower CQ/H2S ratios and waters with relatively 
lower pH. This implies that, at lower temperatures, more CQ are dlssolved than H2S. Except in a degassed 
region like the Sandawa collapse in Mt. Apo, H2S appears to be more concentrated in the hotter part of the 
geothermal reservoir. 
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Table 2 Representative Steam Discharge Chemistry 
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Fig. 4 pH, C02, H2S vs. Temperature 

4.0 FLUID ACIDITY 

The pH and concentrations of the different chemical species at reservoir condtions were calculated 
using the speciation s o h a r e  WATCH 2.1 (Amorsson. 1990). Dissolved sulfur species and other 
constituents that may be contributing to fluid aci&t\. are presented in Table 3. Only wells APdD 
and PIN-3D showed inherently low pH of less than 3.5. For all the other wells. the reservoir pH does not 
vary much, being close to approximately 5.0. Laboratory pH, however, varies sigmfkantly. The changes in 
pH with temperature were evaluated through boiling models using WATCH 2.1. The changes in pH nith 
temperature are shown in Figure 4. Three general trends were observed. 

4 

The first trend shows increase in pH up to about 6.0 until 100°C before it drops to 3.8-4.8 upon 
conductive cooling down to 25OC. T h s  was exhibited by by wells KN-3, BL-ID and PN-22D. In these 
wells, the HC03- reservoir concentration is almost of the same level with HS04 and SCM". The increase in 
pH can be attributed to the exsolution of CO, from the liquid during boiling. The secohd trend is a 
continuous and sharp decline of pH wlth decreasing temperature. This is exhibited by wells where HCQ- is 
relatively lower than SO4" and HSOi and SO4" is most dominant. The beha\iour of pH in wells LG-lD, 
CN-2D KN-2D and MG-15D appears to be intermediate between the first and the second trends. The thrd  
trend is a very gradual decline of inherently low pH in wells M-7D and PIN3D. In these wells, HSOi is 
the most dominant specie. and excess C1 may be substantial enough to affect the fluid pH (Table 3). 
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Table 3 Reservoir Concentrations of Selected Chemical Species 
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Fig. 5 Change in pH with Temperature 
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5.0 SUMMARY 

Acid Cl-SO4 fluids with excess C1 are associated to reservoirs wth temperatures exceedmg 280OC. 
They are characterised by lower amount of SO, (<600 mgkg) compared to those with no excess C1 
(SO2-1000 mgkg) whch, on the other hand originate from reservoirs with temperatures of 24O0-28O"C. 
The latter, however, can be associated with hgher CO, and/or CQ/H2S ratios. Acid SO,-Cl waters in 
PNOC wells are characterised by low C1 (<lo00 m a g ) ,  low Na and K, and SO4 of about 800-900 mgkg. 

At reservoir condtions, pH is generally near-neutral (5  to 6) except for magmatic fluids (pHx3.5). 
In contrast. laboratory pH shows sigmficant range from 2.26 to 4.91. Boiling models showed contrasting 
trends of change in pH with temperature. Increase in pH is edubited by wells whch have substantial 
concentration of HCQ. The rise in pH is apparently due to the exsolution of C02 from the liquid phase 
dunng boiling. For wells with HSO, and SO, as the dominant species, pH continuously drops. At 
temperatures lower than I O O T ,  pH declines due to increased dissociation of HS04 whxh outweighs the 
effect of the loss of C02 in the water. 

. 
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