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ABSTRACT 
A trouble by smectite-amorphous silica 

precipitation happened at two production wells in the 
Onikobe Geothermal Power Station, northern part of 
Japan. It is considered that the reason of the down- 
hole scaling is caused by the mixing of two h d s  of 
fluids in a production well, base on the facts as 
follows. 

During the drilling, there were two lost 
circulation zones at shallow and deep. The 
precipitation occurred above the shallow feed zone. 
The pH of production fluid had changed radically 
from neutral to acid while the scaling trouble had 
occurred. According to the observation of cuttings 
and the analysis of alteration zoning of the vicinity 
wells, acidic altered minerals distribute at the shallow 
feed zone, whereas neutral alteration at the deeper. 
In addition to the facts above, our chemical modeling 
calculation, using SOLVEQ and CHILLER (Spycher 
and Reed, 1990), indicates that the mixing of the acid 
and the neutral fluids with some definite ratios would 
make a smectite supersaturated condition. 

INTRODUCTION 
EPDC’s OIllkobe Geothermal Power Station 

(GPS) started operation in March 1975 as the fourth 
geothermal power plant in Japan, and is now 
operating with a capacity of 12 500 kW. The 
location of the Onikobe GPS is shown in Fig.1. 
Unexpected troubles caused by clay mineral scaling 
happened in two production wells, well-128 and well- 
132. This paper reports our investigations on the 
production decline of well-128 using chemical 
modeling calculation, by that we estimate the cause 
of the trouble to be the mixing of different fluids in 
the well. 

The geology around the power station consists, 
in descending order, of the Katayama lacustrine 
deposit, the Ofukazawa andesite member of the 
Akazawa Formation, the Sannozawa Formation of 
Pleistocene, the Kanisawa Formation, a local member 

of “Green Tuff of Miocene, and Preetertiary 
granodiorite as the basement of the region. The 
granodiorite is confirmed at about 1 200 m . depth 
by some investigation wells. A tw -phase 
geothermal reservoir is formed in the 0 azawa 
andesite member made of andesite lava j d  tuff 
breccia shallower than 500 m in depth. The 
Sannozawa Formation made of altered daci ’c tuff 
breccia has low 
Kanisawa 
and the lower part mainly of greenish 

1 200m and a water-dominated 
is formed in this formation, 
hctures caused by a local 
temperature of about 

This formation distributes in the depth from 

( Fig.2) I 
production zone of th~ Onikobe GPS at pjesent. 

Fig1 
field 

The location of the Onikobe geothermal 
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Fig. 2 Geothermal system around the Onikobe GPS 

The chemical compositions of separated waters 
are shown in Table 1. There are two types of 
production fluids in the W o b e  GPS, one is acid 
fluid with the pH of about 3, and the other is neutral 
to weak alkaline fluid with the pH between 7 and 8. 
Acid fluid is characterized by the hgher 
concentration of Mg, Fe, Pb, Zn and C1 compared 
with the neutral to weal alkaline. These two types 
of fluids distribute in the the Onikobe geothermal 
reservoir. 

These geothennal structure and chemistry are 
reported by Klein et al. (1990) and Abe (1995). 

Table I Chemical compositions of separated 
water from production wells in the Onikobe GPS 

c u  
B r  
Mn 

Raaarkr 

127 128 129 130 131 132 133 134 135 I 
llMh 125% 1461m 150On IOOOn 1308 1ZM)II 145% la I 
4.9 -3.5 80 3.0 16 7.6 3.2 

125 36.2 21.3 17.5 524 23 39.4 13.9 20.4 
n d  n d  (83.1) n d  n d  52 n d  

1610 3350 3980 5030 4620 2600 4890 2270 4590 

~I;o,.cO, vdw in paratheses were calculated fran T-CQ*.pH 

b m l i w  date I 129 :h 13. 1993 
132 : JUW. ia 1990 
127. 128 . 130 . 131 . 133 . 134 . 135 : Jan.31. 1997 

HISTORY OF THE PRODUCTION WELL 
Well-128 is a directional production wdl, 

drilled in 1982 with a length of 1 255m. Productilqn 
casing was set to the depth of 705m, and the rest 5 0 

diameter, and 7 5/8 inch slotted pipes were inserE i d 
meters were dnlled by 10 5/8 inch drilling bits 

to the bottom. 

flow raie was recorded 48.5 th, with hot water1 f 
144 t/h (WHP was 4.6 k g / d  G). The separa d 
water showed pH 8.5. 
decline of the steam flow rate had been weak g il 
the sudden decline occurred in 1988. In order o 
investigate the down-hole conditions, the well wgs 
shut-in in March 1989, whenihe steam flow rate W ~ S  

only 15 t/h. 

1 k r  the first production test in July 1982, ste 

As shown in Fig.3, 

Fig.3 Well-I28 long-term variations of the steak 
flow rate I 
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PRESUMPTION ON THE CAUSE OF THE 
TROUBLE 

200- 

By means of the following investigations, it 
was presumed that the production trouble was caused 
by the smectite-amorphous silica precipitation given 
rise to by the mixing of different kinds of geothmnal 
fluids in the well. 

, I I ! j  

Caliper loegine 
In order to understand the down-hole situation 

of the production well, X-Y caliper logging was 
executed in March, 1989. 

The caliper probe could reach down only to h e  
depth of 605 m in the production casing with an inner 
diameter of 279.4 mm. The maximum recorded 
reduction of the diameter reached to some 80 mm. 
The reduction of the diameter was observed fiom 
605111 to 200m in depth, decreasing upward, as shown 
in Fig.4 . 

yam m IW  0 IW 2tx yX)mm 
I 

s a l e  

lu i t  of calipr lag 

strainer p i p  dia 

Fig. 4 Caliper logging of well-128 

Table 2 
silica and smectite scales 

Chemical compositions of amorphous 

Temperature loggings 
Static temperature loggings were executed in 

September of 1989. The temperature profiles 
indicated a possible fluid flow between the 700 m 
and 1 200 m feed zones. On the contrary, the 
temperature profiles recorded before didn’t shdw thi. 
downhole fluid flow. I 

Preckitation condition and analvsis of the scble 
Scale samples were collected from 299111 to 

650m in depths during the well clean-out idMay, 
1989. The scale were reddish brown in col 
glassy with the naked eye. Under the micr 
observation, the scale consists of the 
semitransparent part and the clear transparerl part, 
and the latter had a tendency containing small o aque 

X-ray diffraction method with o ented 
specimen and EPMA analysis were carried d t for 
the scale samples. According to Ishii and T I daka 

minerals scattered. 

(1994), the X-ray &%action results between non- 

that the shift of the base lattice spacing was 
treated and ethylene glycol treated specimens 

triakis-oktahedral smectite with PO 
EPMA analysis indicated that the main 
the brown part were Si, Mn, Mg, 
there were little ditlerences of the 
components from depik to depth. 
elements of the clear part were as same 
the brown part, Si and Mn were richer th 
part, and poorer in Mg. The EPM 
analysis identified the opaque miner 
minerals, Cu-Fe-S minerals and Cu-Sb-S 
Typical EPMA results of the scale are s h o h  in 
Table 2. 

Altho 

The scale was 
amorphous silica and a very small 

etc. Ishi and Todaka (1994) 
into two types as follows by 

Type 1 : Boundary of 

sulfides and sulfosalts, i.e. sphalerite and tetr 

silica is irregular. 
Type 2 : Boundary of smectite and amodhous 
silica is sharp. I 

According to the microscopic texture, i 
considered that Type 1 was the 

Type 2 was the docking of the perfectly 
smectite and the amorphous silica, and/or 

smectitization replacing amorphous silica, and1 that 

crystallization fiom geothermal fluids. 
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Chemical characteristics of peotherrnal fluids and 
distribution of altered minerals 

The pH of the separated water had been stable 
at around 8 from the beginning of production in 1982 
to 1989. In the period &om 1990 to 1994, the pH 
changed radically between 8 and 6.5. After 1994, 
the quality has shifted gradually to the acid sphere 
with the pH of 3.5 at present in 1997. On the other 
hand, the Cl’s radical change between 2000 and 3000 
mgA started in 1989 and continued during the period 
of the pH’s radical change, and it increased slowly to 
3700 - 3800 mg/l at present while the pH decreased. 
The silica concentration has been stable at around 
700 mg/l fiom the production start. The change of 
the quality is shown in Fig.5. 

From the view point of the hydrothermal 
alteration, the main feed zone below 1100 m in depth 
is in the neutral altered zone characterized by 
wairakite and chlorite. This coincides with the pH 
value of the initial period of the production. On the 
contrary, acidic altered minerals i.e. kaolinite and 
pyrophyllite etc. are distributed m the shallow 
depth of about 700 m, where the acid fluid was 
probably reserved but there was little inflow at the 
beginning of the production. The rocks in the 
shallow feed zone had been strongly altered and 
weakened, and it was considered that the acid fluid 
started to feed in and increased its flow rate gradually 
after the operation, decreasing the pH. The pH of 
3.5 at present is probably the-value of the stage when 
there is little inflow of the neutral to alkaline fluid 
from the deep feed zone because of scale ftagment 
settlement by the well clean-out. 

Fk.5 The chemical components hhistory 
separated water from the well-128 

INVESTIGATION OF SMECTITE SCALING 
BY CHEMICAL MODELING CALCULATION 

It was presumed that the mixing of different 
fluids had caused the smectite-amorphous silica 
precipitation. In addition to the above, we tried to 
examine saturation conditions of some minerals, 
using a chemical equilibrium simulator SOLVEQ and 
CHILLER (Spycher and Reed, 1990). 

ApDkation of a chemical modeline calculation to 
geothermal field 

Chemical composition of geothermal fluid 
would change by flashing, temperature decline, land 
scaling while the fluid flows up in the produc)tion 

calculate speciations of aqueous species 
wcll. Chemical equilibrium simulator is 

reservoir conditions. Chiba (1985 
applied this method to geothermal 
data of Takinoue and Hatchobaru 

mixing, and water-rock interaction, 
mineral saturation conditions. 
modeling calculation is a useful 

(1995) applied, using the data of Takinoue and 
GPS. This method can simulate flashing, 

scale precipitation. 

Method of calculation 
We calculated saturation conditions by 4 ‘ g 

two types of different fluids; the acid fluid of pW 3.0 
using the data of well-130 as a representative and1 the 
neutral fluid of pH 7.8 using the data of well-134 ti a 
representative. 

I 

t 
These data are shown in Table 3.’ 

calculation 

Chemical 
c o w s  I cion 

of aquaous phase 

in discharge 

Won condensab I e 
ws c m w s i t i o n  
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Fig.6 shows the flow of the calculation. At 
first, the speciations of pre-flashed fluid are 
calculated fi-om chemical compositions and flow 
rates of separated hot water, steam and non 
condensable gas. And next, both fluids are mixed 
and speciations are calculated in an equilibrium 
condition under the reservoir temperature (250c). 
Consequently, possibility of scaling can be analyzed. 
We changed the mixing ratio of each fluid every IO%, 
to calculate saturation conditions of some minerals 
including smectite. The definition of saturation 
index is as follows. 

S.I. = log(Q/K) 
S.I. : saturation index 
Q : activity product 
K : solubility product 

kll B 

SOLW 

temperature tmrature 

Aquaus spxiatim Aquears speciatim 1 
calculatim of d N h t l m  Of 

urdim s t e r  1 s t e r  

Fig.6 Flowchart of the fluid-fluid miring 
calculation 

Calculation results 
Saturation indices of smectite, quartz, galena, 

sphalerite and tetrahednte which are common scales 
at the Omkobe GPS and pH were calculated in each 
mixing ratio. The results are shown in Fig.7. The 
outline of the results is given as follows. 

The case of 100% neutralfluid, no mixing 
In this case, the fluid is supersaturated with 

respect to tetrahedrite, saturated with respect to 
quartz, but is undersaturated with respect to 
minerals. 
The case of the mixing ratios (acid fluid : ndhtral 

fluid) = (10%:90%) - (60%:40%) 

other 
I 

Among these ratios, these fluids 
supersaturated wih respect to smectite. 
takes the maximum S.I. when the mixing 
20%:80%. They are also 
respect to sphalerite, tetrahedrite and galena. 
The case of the mixing ratios (acidfluid : neqtral 

fluid) = (70%:30%) - (90%:10%) 
Among these ratios, these fluids are 

undersaturated with respect to smectite. S.1. of 
galena, sphalerite, and tetrahedrite seem to decdease 
as acid fluid ratio increases. 
The case of 100% acidfluid, no mixing 

In this case, the fluid is still supersa 
with respect to galena, tetrahedrite, T: 
undersaturated with respect to the other mineral$ 

As there is no measured thermodynamic d$\a of 
the smectite in the Onikobe geothermal field, we bsed 
the values referred to Tardy and Garrels (1974)l and 
Kristmannsdottir (1983) in this calculation. 

I 

I 

6 
5 %  

I 
4 I 

1OO:O 80:20 60:40 40:60 20:80 1OO:O 

4 It1 30 111 34 mixing ratio (X) 

Fig.7 The relationship about S I ,  p H  and m ing 
ratio of acidfluid and neutralfluid at 250 “c 

~ 
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Discussion 
According to the chemical modeling calculation 

mentioned above, the fluids neither in acid nor 
neutral are undersaturated with respect to smectite. 
#en the acid fluid mixing ratios are between 10% 
and 60% mixed fluids are supersaturated with respect 
to smectite, showing a peak of S.I. when the acid 
fluid mixing ratio is 20%. This calculation indicates 
that smectite has a possibility of scaling under pH 
conditions of 5 to 6 caused by the mixing of different 
fluids. In these pH conditions, mixed fluids are also 
supersaturated with respect to other minerals i.e. 
sphalerite and tetrahedrite etc., and this mineral 
assemblage coincides with the results of microscope 
observation and EPMA analysis. 

W e n  the acid fluid mixing ratio is over 70% 
and pH is less than 5 ,  mixed fluids are undersaturated 
with respect to smectite, suggesting the possibility of 
scaling is low. This result coincides with the 
present situation, that the fluid is acid (pH is about 
3.5) and there is no scaling trouble. 

Although the chemical modeling calculation was 
executed under not a flow condition in a production 
well but an equilibrium condition in the reservoir, the 
calculation results on the saturation conditions of the 
smectite scale are concordant with the production 
history, the water characteristics history, and the 
scaling trouble period of well- 128, respectively. 

COUNTERMEASURE 
The alteration zoning of the W o b e  geothermal 

field has been revealed with considerable precision, 
and it has become possible to predxt chemical 
characteristics of the geothermal fluids. Based on 
the experiences of these production troubles, we have 
been applying revised casing designs to protect the 
mixing of different fluids in the recent make-up 
wells. 
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