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SILICA I N CERRO PRI ETO GEOTHERMAL FI ELD
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MEXI CALI, BAJA CALI FORNI A, MEXI CO

ABSTRACT

Wat er-steam mixtures from geothernal steps (3):
reservoirs carry gaseous and sol i ds
chemi cal species (carbon dioxide, hydrogen a) Honpbgeneous nucleation. Thi s is t he
sul fide, sodium and potassium carbonates, form ng of anmor phous silica by polyners
sodium and potassium chlorides, silica, that have been rai sed to a specific
etc.) Thei r di stribution and quantity size (higher than critical nucleum size).
are dependent from reservoir tenperatures Then, the particles wi ch have reached
and its geochenical structure. this size grow spontaneously and continously.

I'n |'i qui d-dom nant geot her mal b) Growing of the anorphous silica particles
resources operating in st eam brine with a size higher t han t he nucl eum
separation systems, the physical-chenical critical size. These particles are large
equilibriumis broken producing a critical enough to inmprove the silicic acid deposition
situation about silica behavior. Silica on the surface.
solubility falls rapidly formng coll oidal
solutions which are difficult to separate, c) Coagulation or floculation of coloidal
or else silica deposition is present ed particles to give a gel.
with a range of problems in systens
operation, brine energy uses, or reinjection d) Cenentation of the particles in t he
processes. gel by chem cal bondi ng and further

deposition of silica between the particles.
The obj ective of this  paper is

the silica problem analysis in Cerro VWhen t he silica concentration is
Prieto area at Geot her mal field in too hi gh (a supersaturation of 2.5 or
Mexi cal i, Baj a Cal i fornia, Mexi co. hi gher), t he homogeneous nucl eati on
velocity is i ncreased and a massi ve
deposition or scaling ocurrs. This is
| NTRCDUCTI ON the case of Cerro Prieto brine when
it is separated of the steam and further
Expl oi tation systens for geothermal it is flashed at atnospheric pressure.
plants classified as l'iquid dom nant,
present t wo probl ens whi ch need to When the brine exists in the super-
be solved prioritly. These are (2): saturation region, solids wll be dependent
of : supersaturation gr ade, salinity,
a) The high -solids concentration t enper at ur e, flow type, exi stence of
brine conduction. The solids are deposited nucl eating particles and pH. The latter
during t he cool i ng step required in is a very inmportant controler of this
the ener gy extraction processes. The deposition velocity (4).
pipes are plugged up and scaling appears
on the equi pnent surface There are environnental restrictions
to dispose this geothermal brine. Besides,
b) The reinjection processes are the reinjection is ‘required to i mprove
seriously limted by the high content t he life of the geothermal field. Bot h
of solids of the separated water. of these problens show that the control
of t he solids deposition will becone
Geot her mal fields such as Cerro very inmportant when the geothermal exploi-
Prieto, Wirakei and Niland, have deposits tation schemes are devel oped.
mai nly constituited by floculated coll oidal
anor phous silica (1,3). Thi s problem becones nore inportant
in the large geothernal proj ects wher e
It has been observed, in Cerro typi cal systens are considered. In these
Prieto Geothermal field, that the initial systems 10 Kg of steam are required
incrustation is in a vitreous form to generate 1 Kw and 20-40 kg of brine
and the anorphous silica is then deposited are disposed. Tr eat nent of this brine
on it. As a result, the occurrence to attenuate the effects on the surface
of this process wll be nmore frecuently equi prent and on the reinjection systens
observed in low pressure equi prent . involves extra costs and operation problens
And this problem will be acent uat ed to the generation process.
in pi pes t hat operate al low flows.
Therefore, the detachnent of incrustations The best solution would be to avoid
and sol i ds transportation to ot her supersaturation by sel ection of t he
parts of the systens, are caused by operation condi tions. Ther efore, t he
t he vi brations and t he tenperature supersaturation must remain cl ose to
changes. 1. This inposes design limtations wi ch
have not been accept ed to generate
The precipitation process has econom cally el ectrical energy (4,5).

been described according, to the follow ng



t he silica

the pH.  This
control ling t he
and flash separation

added to depress

Another way to sol ve
problem is to contro
must  remain hi gh by
separation conditions
or some acids could be
it artificially (2).

avoi d
met hods
obtain a

woul d
sol i ds
use,

Bot h sol utions at t enpt to
t he deposi tion. Al so, ot her
have been practiced ( 4) to
control ed precipitation, this
allow to dispose the geothermal
before their conduction or fina
for exanpl e: agi ng of the brine to
change the dissolved silica to coloida
( 7), ‘inhibition of adhesion to solids
surfaces (5) and renotion by coagulation
and setting.

When no one of the nmethods described
before are applied, t hen will be a
cleaning problem which is characterized
by (6):

Cleaning is nore frecuently needed
in sone geot her mal pl ants t han t he
cl eani ng required in a conventi ona
st eam power plant.

will be
The chenica
fluids changes
anot her, in
conposi tion
over time.
conditions

The cl eani ng
related to scale properties
conposition of geotherm
from geothernal field to
addi tion, t he chemi ca
of the fluid can change
Al so, t he t her rodynani c
will vary during scale formation.

operation

The silica scal es are not
hard, and the deposition rate of
is the controling cleaning factor.

very
t hem

Most el astoineric material s used
in anal ogous cl eani ng situations are
not suitable for geothernal condi tions
Mai nt enance operations on line are
conplicated with scale renpval problens.
These wast e materials shoul d not be
allowed to travel forward ot her pl ant
si zes.

SCOPE CE WORK
Sever al efforts have been realized
in order to inprove solutions to previously
descri bed problens. Some of them concern
to the brine physi cal -chem stry, ot her

refer to control scaling methods eval uation
about specific applications.

work, that is
pret ends to

The present

ri ght now,
the silica problem at
The st udy scope is:

classification, silica

silica uses

carry-
anal yse
Cerro Prieto
silica resources
i nventory, and

out

work is
area of
about well
t he | ast

the first part in t he
finishing in t he geot her ma
Cerro Prieto 1. I nformation
behavi or has been revi sed

five years

For the purpose of study ubication
Prieto | area was di vi ded in
rectangul ar sections (Figure 1).

aver age resevoir tenperature
(558 °F) was found in the down section
to the East, and it corresponded to
t he aver age deeper wel |'s (6530 ft),
and higher silica brine average concentra-
tions (630 ppm).

Cerro
four
Hi ghest

19 wel
pipelines to

are i ntegrated
doubl e steam

t hr ough

t he flashing
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pl ant. Wast e brine from this pl ant
is delivered to the evaporation pond

Bri ne from the ot her wel |'s is
fl ashed to at nospheric pressure, t hen
it is discharged through channels forward
t he main colector. Waste water in the
mai n colector is conducted to the station
punpi ng sunp, and it is punping into

the evaporation pond.

According to the wel | i nformation

revised, Silica aver age production
was esti mat ed. As a result, nearly

113 571 tons of
have been depositated on
field land in the last five

1) .

silica
t he
years

(as Si O2)
geot her mal
(Tabl e

. TABLE .
silica productions

el

tons
tons
tons
tons
tons

1983 24
1984 22
1985 23
1986 21
1987 21

885
806
121
432
357
Silica production, as is
depends of the silica geothermal fluid
concentration and its extraction mass
rate. According to t he results, 19
wel |'s have a clear silica production
decreasing tendency in t he course of
time

| ogi cal

concentration
I ocalization
Si x wel |'s
di sm nution,

i ncreasing

Mor eover, silica fluid
is subor di nat ed to wel
and reservoir tenperature
showed a silica concentration
and only two wells had an
t endency.

Geot her mal
mass ratio (V/L)

fluid vapor/liquid
seens to be only function
of bottom well pressure and separation
pressure. The last one vary in a narrower
range. Six wells were having decreasing
V/IL values, and tw shown a increasing
tendence

v/ L hi gher val ues wer e det ect ed
in 13 wells. Sone of them are considered
as probl emati cal wel | s. General ly,
t hey have hi gher head pressure and
hi gher silica concentration

Geothermal fluid mass rate dismnution
wasobserved in 19 wells. It was noticed al so
t hat when t he v/ L val ues i ncrease
the geothermal fluid nmass rate decrease
Vel | representative behavi or is shown
in Figures Il to VI.

Field brine and solid
and anal ysed. Solid
deposits near from the wel | channel s
wer e havi ng silica concentration from
53% to 90% (74% avg.) A silica concentration

sanpl es of
deposits were taken

of 550 ppm was detected in the punp
station sunp, and 1065 ppm (avg.) of
silica were reported in well channels.

Next, the study wll be conduct ed
to silica products devel opnent . Four
kind of products are interesting us:
Silicates, ceram cs, concrete agregates
and silica gels. The goal is to obtain
val uabl e subproducts in order to conpensate
the brine treatment costs.
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