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THE MEXI CAN EXPERI ENCE W TH MODULAR POMER PLANTS: GENERATI ON AND BRI NE DI SPOSAL

GERARDO HI RI ART L.
Gerencia de Proyectos Geoternvel éctricos
Comi si 6n Federal de Electricidad
ABSTRACT of the separated water is how to handle it to avoid
scaling with the silica and corrosion.

Several years of operating well head power plants ) ]
at Los Azufres have shown that this plants are a The nethod we use now is different than what we thought
very practical and reliable tool to find the best at the begi_nning. The experience was gai ned dealing
design of the reinjection system - The article descri- with only 5 MN It is not too much of a problemto
bes the arrangenent for hot and cold reinjection stop a unit for a test or to change a piece of equip-
used for three of those plants in northern Los Azufres. ment in the injection system In what follows in
Several recommendations extracted from the mexican this article we present the results of this experience
experience are presented with special enphasis on in handling the brine for reinjection.
the practical aspects for handling the separated

brine avoiding precipitation and silica scaling.
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the operation of the well head power plants
indicated in tables, showing the anount of water

of

reinjected every year.

In
it
of

I'n

whose

in

Up

1 we present
accunul at ed since August

I'n

AZ-
ordered.

k
La

The
than the econonical

fol

a)

b)

c)

in Los Azufres and the others

| NTRODUCTI ON

several places (Hiriart, 1983, 1985; Al onso 1987)
has been discussed the advantages and di sadvant ages
smal |, back pressure power plants in geothernics.

5 MN each
present ed

Mexico since 1982 we have 5 units of
technical characteristics have been
publications (Plauchi and Manzur, 1987).
the result has been quite good, in table
sone statistics of the energy production
1982.

ot her
t oday

Danuary 1987 a sixth unit was conmisioned at well
18. Meanwhile ten nore 5 MN power plants where
The idea is to install sone of them perhaps
in Los Hurmeros and
Pri maver a.

ot her
in the

result in Mexico from using this

has been quite

pl ants,
i npor t ant
| owi ng aspects.

W have been able to detect at a proper tine the
variations in production of she wells we planned
to connect to a nore efficient central power plant.
In some cases like wells AZ-19, AZ-28 and AzZ-9
the changes show to be quite big. Q her than
decay in the production of steam of the wells
like the ones already nentioned, the changes in
production of water, gas contents in the steam
chem cal conposition of the brine, etc... are
of extreme inportance before investing in a central
power plant. It is quite different the reliability
of the results obtained from short term well tests
than those obtained having one or nore years a
wel | under production.

W have been able to detect the real capacity
of the inyection wells keeping the injection flow
for years. To detect the problenms in the well

such as changes in perneability, corrosion of

the liner pipes, etc...

i nportant experience gained with
head power plants regarding the disposal

Perhaps the npst
smal | wel |

installed
In Fig.

the 5 wunits
is inportant.

Taking back the statistics of
at Los Azufres the followng

1 it is shown the location of every unit and the injec-
tion wells.

In table 2 we present an average steam consunption
and water production of every unit, for year. Thi s
has been taken from Table 1 reducing these values
to steam and water extraction based on the typical
curves of the turbines and of every well.

From the sane table 1 one can construct table 3 of
Plant Factor as done in Otega (1987), that is a conpa-
risson of the energy realy produced per wunit wth
the nmaximum energy that would have been generated,

5 MNduring 8760 hours (Il.year).
N

to notice from this table 3 that

It is inportant in
sone wells this factor is |ow because the production
of the well is not enough,to produce the 5 MN

ORIG NAL DESIGN OF THE REI NJECTI ON SYSTEM

In figure 1 are shown the three production wells (AZ-
5,13 and 19) that. wll produce separated water and
well Az-15, the one to be used as injection well.
The problemwas to design a system for hot reinjection,
that is, keeping under pressure the whole system and
avoi ding loosing heat (Mra, 1983). We call "hot"
injection a temperature 15 or 20°"C less than the 175°C
that corresponds to the water inside the separator,
and cold injection to the one when the brine is firstly

«flashed to atnospheric pressure and then allowed to
cool down to sonething |ess than 60"C.
The three production wells and the one for injection

are shown schematicaly in figure 2 to see the differen-
ce in hight and in Fig. 3 it is presented their relati-

ve horizontal position, the distance from the produc-
tion wells to the AZ-15 is of five kiloneters. As
noticed there, well AZ-13 is 165 m higher than the
injection well. AZ-5 is 135 m and AZ-19 only 75 m
That is, one has enough pressure head to keep the
pi pes under pressure on there way to the injection
wel | .

To procede with the design of the system several

points nust be taken into account
during operation. Sone of them are:

to avoid problenms

a) The posibility to control the water level in every

separator. It should be noticedthat if one puts
a valve right after the separator, flashing wll
occur innediatly down steam of the valve and conse-

To avoid that,
where enough

quently scale wll form there.
the valve nust be put in a place



Hiriart L.

head is available to avoid flashing.

b) Since in some places the three injection lines
nust be integrated into only one, before arriving
to the injection well, care nust be taken to avoid
problens of water level control when one or nore
wel |'s are opened or closed.

c) Since the injection well AZ-15 has never been
tested in the long run, one nust be carefull in
providing some sort of indication if the '.val
is not accepting all the disposed brine without
changing the water level at every separator and
wi thout enforcing the operator to stop one or

nore generating units.

d) Provision nust be consider to allow in every well

a certain change in the production of separated
wat er .

e) Because of the way the separators are operated,
some steam |eaves through the water pipe. Its
effect is very inportant in the friction |osses
and also in maintaining the pH low because of

the gases associated with the steam

f) Finally, the system must be sinple, avoiding auto-
matic sensors that can be spoiled by the scale.
The main characteristics of the wells are presented
in table 4. Wells 5 13, 19 have a well head power
plant of 5 MV nominal capacity. Only wells 5 and
13 are able to produce 5 MN using approximtely 62
t/h each. Well 19 will not be able to produce nore

than 45 t/h expecting a generation of the order of
3 Mwv Even though the production of this well is
low, the plant was installed to expand the know edge
of the reservoir in that area. It is inportant to
see that the acceptance of the injection well AZ-
15 is nore than the total needed for disposal of

the brine of the three production wells.

The
rough

topography of the
terrai,n,

along the injection
the rain in the site
to see sone |andslides.

se of the geothermal manifestations

site is caracterized by a
with a creek that runs alnost
line dramn in Fig. 3. Si nce
is abundant, it is frequent
Al teration of the soil becau-
is often found.

The design selected for the reinjection system is

the one shown in Fig. h and was take from

Mora (1983). First note that a collector was install

ed in the lowest point between the production wells.
The pressure in the collector was maintained by

means of a returning pipe that runs up to a hill

87 m high, that pernits to keep inapproximtely 8

In case that the injection well

fl ushed

bar the pressure.
starts |ossing acceptance, the excess will be
up through this return pipe to a pond. The |ocation
of this pond permts to drain it to a bigger reservoir
constructed specially for that purpose with a small
earth dam '

The separated water
wells enters to the collector
entrance is located the valve that serves to control
the water level in every separator. Renenber that
this is the lowest point of the system upstream
of the ‘collector. This permt to open or close the
valves with a good pressure upstreanj staying always
far away from the flashing point. Any way, to pre-
vent problenms due to scaling, every valve was insta-
Iled with a by pass circuit that has two purposes.
One is to pernit to renove the valve for cleaning
and maintenance, the other, to replace the valve
by an Qifice plate for permanent use when having
a precise estimate of the water nass flow rate.

comming from the three production
separatel y. At the

A big argunment arouse during the design regarding

the need of thermal insulation of the thtee pipes.
The heat loss is snmall and any decrease in tenperature
is helpfull to avoid flashing at all the points.

O course the other advantage is econonics. On the

other hand if one is seeking a hot injection it sounds
reasonable to insulate it. Al so the safety of the
personnel is also in favor of this second choice.
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The final decision was to |eave the 'pipes wi thout
instal ation. In Fig. 5 it's presented the effect of
including thermal insulation of the pipes. Fi gure

6 and 7 conpares the behavior of
injection well is closed and all
back to the returning pond.

the system when the
the brine is flowng

The nost difficult
shing at the arrival

problem to solve was to avoid fla-
of the hot brine to the injection

wel | . The solution was to insert a tube, deep enough
to ensure to have at least 8 bar at the exhaust of
the pipe but of a dianeter small enough to produce

a back pressure due to friction, of at least 8 bars
in this injection pipe at the well head. It is fare
to confess that even though this is perhaps the only
solution technically good it was inpractical. To
hang 500 m of pipe inside the well is sonething very
difficult and dangerous.

This describes
hot reinjection that
part of Los Azufres.

in general terns
was constructed in

the arrengenent for
the northern

COLD REI NFECTI ON SYSTEM

Two inportant things were found during the time when
the hot injection was used. First, it was inpossible
to keepa high pressure at the entrance of the well
AZ-15. The fluid started flashing in the pipe at
least 20 or 30 meters before arriving to the well
head producing vibrations and knocks. Second, simul -
taneously with this period sone experinments where
done trying to understand the mechanism of deposition
and scaling of the silica in the formation of the
reservoir and it was concluded that it is nore dange-
rous to inject at 1502C than 30 or 209C. The reason
is the big amount of nononeric silica still present
in the water that doesnot polinerizates because of
the low pH of the hot brine. One of the reasons of
this low pH is the anount of gas carried along wth
the steam that comes out with the water from the
separator.

An external problem that helped to make the decision
to change from hot to cold injection was the monthly

high rain during the summer of 1983 that practically
destroyed the four pipes that arrive to the collector.
Then a new system was designed to solve in a few days
the disposal of the brine.

The Laguna Verde dam specially constructed for the
geothermal project, (see Fig. 3) was used as a collec-
tor of separated brine. The water from wells AZ5
and AZ-13 was sent by gravity to the dam From a
special intake valve the brine collected at the dam
was sent by neans of a poliurethane flexible pipe
to well AZ-40 for cold injection. To reduce the anount
of rain water captured at the dam a "belt" channel
was constructed around the dam to intercept the runoff
and send it to the creek right after the dam The
water from well AZ-19 was sent by gravity to well
AZ-15 using the old pipe that runned from the collector
to the well.

In the last <\ or 5 years the system has been working
with no problens. The following aspects in favor
and against this method nust be pointed out.

- The big size of the Laguna Verde pond permts to
stop the injection even for 1 or 2 nonths when repai-
ring is needed, storing the disposed water.

- The use of flexible pipe was the best solution in
a terrain so difficult as the one of Los Azufres.

- The Laguna Verde dam was constructed in a place
with alot of thermal manifestation, specially gas
escapes. Wien the damis full, all the gases bubbles
in that water making the pH to descend to values
lower than ~. 0. The result has been a great amount
corrosion in the liner of well AZ-4-0.

SMALL PONER PLANTS AND REI NFECTI ON

It is inportant to exam ne the experience of reinjec-

tion in northern Los Azufres thinking in what would



have happened. The big central power plant of the
northern Azufres would have been constructed using
several wells, producing big anount of brine, wthout
this previous experience at a small scale.

The initiation with portable plants of 5 M7 served
to understand first that the problem of the behavi our
of the injection well is nore inportant from the
point of view of corrosion of the liner rather than
the decrease of the acceptance. Also to give its
proper place to the short run injectability test

and to understand that in the long run the aceptance
can increase specially nhen the cold water produces
fracturing of the rock matrix or when it arrives
at steam caps reducing its pressure at the nonment
of the condensation. In Los Azufres we found that
the best for the central power plant will be to dis-
pose the water in a pond at the sane platform of
the well leaving it a certain anount of tine for
polinerization of the nononeric silica and then to
conduct it by gravity or by punping to the injection
wel | . It was also found that flexible pipes for
reinjection eventhough its higher price, are  the
safeness solution in a difficult terrain.

Perhaps the main problem in reinfection is one that
| ooks naive but realy damage the wells. It is the
arrival of dust and debris in the pipes. Special ly
in places like Los Azufres with a lot of pines, the
leaves that falls into the pond nust be retained
and screened very carefully before conducting it
to the well. Leaves and dust are excelent sealing
elenents for the fractures inside the well (Hernandez,
1988).
ACTUAL ARRANGEMENT

In general we can sa that the procedure we have
chosen for the disposal of the water at every well
head power plant is as follows.

At the platform the separated wdter is sent to a

pond (usualy the sane that was used for the nud when
drilling). The purpose of that is to allow the brine
to cool down and to release the gases disolved, so
polinerization can be achived.

If the brine is immediately piped without the previous
step for polinerization the pipe begins to plug with
scal i ng. The size of the pond should be as big as
posible, on the order of “\-0 nf per each t/h of brine
taking care that the inlet and oulet are properly
separated to avoid short circuiting.

The that will conduct
the brine
critical part of

intake structure of the pipe
to the injection well is perhaps the nost
the whol e system (Hernahdez, 1988).
It nust have sone sort of screen or other device
to avoid the entrance of |eaves, branches and debris.
Also it must avoid the entrance of dust and sand.
(Qur experience in Azufres has shown that this has
been the main source of troubles in reinjection).

The pipe we use, as told before, is poliurethane
wel ded with heat at the site. It is very easy to
change it to another site when the portable well
head power plant is changed. Since those pipes run
following the topography of the terrain it is inpor-
tant to install vents a little before the highest
point of a |oop. Failure on doing that (as it has
happened to us several times) reduces significantly
the hydraulic gradient available.

Arrival to the injection well is also inportant.

Qur injection wells wusually accept nore fluid than

the arnount injected. That produces sonme kind of

free fall in the upper part of the well producing
two effects.

a) If the pipe is "introduced" into the well allow ng
a proper venting, air will be sucked by the fluid.
The flow will be quite stable but the fluid injec-
ted will be a mixture of air and water.

b) If the pipe is tightly connexted to the head of
the well wthout allowing air to enter, the free

25

(15 96 of

Hiriart L.

fall inside the well wll
tuation asociated to the evaporation of

produce a pressure fluc-
the fluid.

Qher than the mechanical problems caused by the
pressure oscillation care nust be taken with the
supeirsaturation of the brine when it evaporates
(flashes) part of its water. At the injection
well we generally construct a pond to deviate the
brinee«in the case of any naneuver or logging in
the well.

The interconection of two injection pipes conmng

from different wells forming a "Y' to continue to

the injéection well nust be handled with care since
the mxing of tw brine streans with different degree
of polimerization can cause precipitation and scaling
with the silica. This happened to us in the Tejamani-
les zone in southern Los Azufres.

The polinerization pond that -is rear by the wellhead
power plant is actually used in Los Azufres also for
receive the condensates of the exhaust of the plats
the consumed steam approximately 9 t/h)
because this fluid contains Boron in anmounts higher
than those required by the envirotnental regularions.

PECULI ARI TI ES FOR REI N3ECTION I N LOS AZUFRES
Every geothermal field has its own peculiarities that
should be taken into account when discussing the heat

reinjection system There are some of Los Azufres
that mght not be extrapolated to other cases.

a) Static level. Most of the wells that are used
for reinjection have their static water |evel around
500 m depth. That is one has sonme 50 bar of "free
punping” wusing only this difference. In other
cases like Cerro Prieto in northern Mexico, the
water level is only 10 mdepth, there, the acceptan-
ce is very low and the brine nust be punped.

b) Location. The wells that” were selected for
tion are wells originally drilled for

injec-
expl oration

purposes in the periphery of what is know now as
the geothermal field. That is they are far enough
from the heat of the reservoir, being quite renote

the posibility of cooling down the reservoir because

of short circuiting of the cold water.

c) Scaling. In some fields like Cerro Prieto, as
soon as the séparated water is discharged to the
silencer, the supersaturated brine begins to preci-
pitate the silica being it in the form of anorphous
silicates or as a scale on the walls of the chan-
nel s. At Los Azufres this doesn't happen. The
difference is in the amunt of clorine ion dissol-
ved. In Cero Prieto the silica content is in the
order 1100 ppm and the total disolved solids are

in the range of 25000 ppm neanwhile at Los Azufres

for alittle less silica, 1000 ppm the total disol-
ved solids are less than 8000 ppm

d) Topogr aphy. Fortunately the reinjection wells
of Los Azufres are in the lower part of the field
In sone cases the topographic diferrence between
a production well and those for reinjection is

nore than 100 m This permts to have the whole

injection systemby gravity.

e) Terrain. An inportant peculiarity of Los Azufres
is the instability of the soil, originated by the
geothernmal alteration and by the excess of rain
at the site. This has obligated us to use only

flexible (and expensive) pipes for injection.

CONCLUSI ONS

The experience in Meéxico with portable, back pressure,
well head, 5 MV capacity power plants has been quite
satisfactory. Actually we have 6 units at Los Azufres
and 10 nore are under construction. The first one
of this group will arrive to the field by the end
of this year. Plans are being studied to order an
other set of 10 units nore.

The advantages of these units are its |ow cost
installed KW the utilization of the wells right

per
after
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its conpletion, the posibility of evaluation of the
reservoir y a continuous extraction of fluid and
finally one that has been stressed in this article
is the posibility of testing the whole injection
system including injection well, conduction, polime-
rization, ponds etc. to find the real problens of
the reinjection before constructing the central power
pl ant.

The nmexican experience discussed in this article
for a field like Los Azufres was presented pointing
out the peculiarities of this field and warning with
flat extrapol ations fromone field to another.

The experience is, that cold (anbient tenperature)
reinjection is preferable than hot because the scaling

problem is reduced if properly handled the fluid
allowing it to cool and to release the gases for
pronpt polinerization before piping it to the injec-
tion well.

Two systens were presented in the article, one for
hot, pressurized, system for injection gathering
the fluid of three wells at different hights. . Qher
a cold system that uses a storage pond to regulate

the fructuarions in brine production and injectability
of the receiving well.

Some recommendations were presented for those involved
in this kind of problens pointing out the inportance
of keeping away from the pipe entrance all debries
such as leaves, branches, plastic bags, dust and
sand because they finaly are the nost inportant and
frequent source of problenms in an injection system

Al the information transnitted in the article is
the result of the experinentation done with the use
of portable, well head, power plants that we consider
is of great inportance before entering in the design
of a fixed central power plant. Ve realize that
the inportance of having a safe and reliable system
for reinjection of the separated water is as valuable
as having a reliable systemos steam supply.
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Year Unit 1 Unit 2 Unit 3 Unit 4 Unit 5

1982 6 44 7 024- 4 381 10 900 834

1983 23 437 29 013 36 755 38 009 5 252

1984 37 147 36 456 37 127 40 675 8 133

1985 32 747 34 431 38 529 37 148 18 069

1986 37 498 36 567 35 908 32 862 12 990

1987 29 505 32 400 41 902 38 550 1719

Tabla 1 Accunul ated generation (MM) a=~ every well

head unit.
Year Unit 1 Unit 2 Unit 3
st een stean steari! water
1982 78.5 84.2 525 525
1983 281.2 348.1 4411 4411
1984  445.7 437.4  libs.5 4455
1985  392.9 413.1 4623 4623
1986  449.9 438.8  430.8 430.8
1987  354.1 388.8  502.8 502.8
Wit 4 Uit 5
Year st ean wat er st eam wat er
1982 130.8 43.6 10.0 6.6
1983 4561  152.0 63.0 42.0
1984 4881  162.7 97.5 65.1
1985 4457 1485 2168 1445
1986 3943 1314 1558  103.9
1987 4626  154.2 20.6 137

Tabla 2 Steamand water extracted from the reservoir
per each unit (thouthands of tons per year).



Year

1982

1983

1984

1985

1986

1987

Unit 1
55
66
98
99
86
67

Unit 2

96

Unit 3 Unit 4
91 98
96 98
95 91

100 96
82 75
96 88

Tabla 3 Average power factor of every unit

Unit. 5
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AZ-5

AZ-13

AZ-19

AZ-15

Hiriart

Production steam = 62 water 57
Production steam = 62 water = 20
Production steam = 42 water = 40

Accept ance = 300 (t/h).

Tabla 4 Main characteristics of the wells (t/h).
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Wells and 5 MW plant location at Los Azufres. (Not all wells are shown on this map).
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Figure 4. Reinjection arrengement. Design parameters without thermol insulation.
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Figure 6. Heat and mass balance with thermal insulation and Az-15 closed.
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Figure 7. Heat and mass balance without thermal insulation. Well Az-15 closed.






