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ABSTRACT
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NTRODUCTION ' During the development of the well,

chemical and physical changes occurred in the
Geothermal well M-20 is one of a group of  well water andp provided information about the

= | ells drilled in the geothermal zone of Cerro  superheated watersin the deep-seated reservoir.
7= | 7eto for the purpose of utilizing deep sources  For this purpose the basic parameters utilized
i hydrothermal energy to generate electric  were the chemical indices of Na/K variations
wower (Fig. 1).

and the silica content of the flow. The index
Well M-20, with a total depth of 1385 m, Na/K was obtained by dividing mg/l. of

ixcharges a steam-water mixture through 2 sodium by mg/l. of potassium after dividing

asing 1134 inches in diameter at a maximum  each by its respective molecular weight.
e of up to 680 tons per hour, 470 Btu/lb  Variations in the proportion Na/K depend

116 kg/cm? of pressure. At the present time  upon the temperature, water-rock, and water-
2is the largest natural steam-well discharge in  sediment interactions, and the depth at which
e world. the water is stored and at which it is produced.

The construction of this well called for There is a relationship between temperature
:menting the first casing toa depthof 1100 m;  and the Na/K proportion which has been
owever, circulation and drilling mud were  verified experimentally in several geothermal

astat 810 m, which indicated high porosity or  zones. (Ellis and Mahon, 1967). Underground
nactured zones which could be good steam  water temperatures can be obtained by use of

roducers; (this was also indicated by the high  the Na/K indices of different waters.

zmperature of the drilling muds). After the High temperatures are associated with the
asing was cemented to 810 m, drilling was  highest K content and with solutions having
zsumed to 1385 m, where once again there lower Na/K indices:

%5 a complete loss of the drilling mud. The High Temperature — Low Na/K ratio
well was finished by placing a 834 inch casing Low Temperature — High Na/K ratio

5 m long at the bottom of the well, the The Na/K index has been extensively

lower portion of which was slotted from 1180  utilized in New Zealand (Ellis, 1961; Mahon,
© 1385 m. When valving and other super- 1961, 1967; Ellis and Mahon, 1967) to study
xial installation were completed, the well hydrothermal water movement and to locate’
Y5, ot ¢ o sarted flowing without induction through a  productive geothermal zones.

= 39. o Pitcher, W. S, atd §anall qrain fine. The development was ac-
complished by controlling the discharge with  made with very good results (Mercado 1967,
oifices that were gradually increased in  1968).

At Cerro Prieto similar studies have been
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holes at Cerro Prieto are similar to those used

~on oil wells. Samples of the steam-water
~_mixture were collected during all stages of
~-development. They were taken from valves

located on the well head. Water samples were
collected on the separated water line from a
pilot separator or in the weir box of the twin
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silencer. (This latter method was used when the
discharge was small.) The samples were cg
lected in polyethylene bottles of 1.0 1 capaciry, §
The techniques used in the collection of steam
water mixture and separated water wep
similar to those described by Mahon (1961) for
the geothermal wells at Wairakei, New Zealand:
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Figure 1. Location of drillholes, Cerro Pricto geothermal field.
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METHODS OF CHEMICAL ANALYSIS

For this work, determinations of Na and K
ior all samples were made quantitatively by
pectrophotometry at a wave length of 589u
or Na and 770p for K. A Beckman DU
pectrophotometer with flame  photometry
nd photomultiplier attachments was used.
Dilutions of 1:20-25 were made from the
original samples using distilled water. Silica
determinations were made gravimetrically
gsing HCl as the principal reagent.

DISCUSSION

With the initial discharge from well M-20
which had a small orifice to control the flow,
high pressure and high temperature were
noted, which was expected, because strata with
the greatest heat content and pressure go into
rroduction more easily. This was indicated in
well M-20 by the lower Na/K index and the
high enthalpy (Figs. 2, 3 and 4). As the orifice
diameter was increased, greater quantities of
steam and water flowed to the surface. Water
from the high-temperature-high-pressure strata
immediately broke the mud cake formed by
the drilling muds on the well walls and moved
to the surface. In this way the chemical index
was changing at the same time that the dis-
charge was increasing (see Fig. 5). When the
well was discharging through a 5-inch pipe, an
immediate sand discharge was noted in as-
sociation with an increase in the Na/K index.
When this occurred, the flow was again throt-
tled through a 3-inch opening (to prevent
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Figure 2. Production mechanism of well M-20.
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valve erosion), but the initial pressure was not
realized (see Fig. 4; Table 1). This phenome-
non suggests possible production from over-
lying strata. As development was continued by
gradually increasing the diameter of the
opening, the Na/K index did not change ap-
preciably with different discharges, but re-
mained at high values. This indicated that
overlying strata were producing greater
quantities of water because the higher density
associated with lower temperatures caused the
water to flow down the annular space between
the well wall and the casing, after which it
ascended to the surface. The total flow from
the well was made up of contributions from the
different producing strata and included small
contributions of steam from the deeper zone.
This condition is shown in Figure 2.

In Figure 2A, the well is shown discharginga
small quantity of fluid at 400 psi through a
14-inch-diameter orifice. Under these con-
ditions, the Na/K ratio in the discharge of well
M-20 was 6 units and similar to the indices of
wells M-5 and M-26 in the immediate vicinit
(see well location map, Fig. 1). It is possible
under these conditions that the flow well is
supplied only by strata of higher temperature
near the bottom with an enthalpy of approxi-
mately 610 Btu/lb.

The well in Figure 2B flowed through a
I-inch orifice at a high pressure of 600 psi and
the Na/K index was increased to 6.5 units,
indicating that strata of slightly lower tem-
perature are furnishing water to the flow. At
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Figure 3. Na/K distribution, well M-20.

this point the enthalpy of the mixture cal-
culated by the silica method was found to be
about 570 Btu/lb.

When discharging through a larger diameter
orifice of 3% inches (Fig. 2C), the well-head
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Figure 4. Pressure variations, well M-20.

pressure decreases and, consequently, so does
the pressure at the bottom of the well. When
the flow began to draw on the upper strata, 2
small quantity of sand was captured by the
fluid, and the Na/K ratio was increased to 8
units. In this figure we can visualize the fluid
as probably coming from strata lying above the
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Figure 5. Pressure and Na/K variation versus time, well M-20 (initial discharge).

T T =T
21-X1I-67 20-1-68 30-i-68

DATE

= ——————
Disc

Dia

Date (in
[
Initial

21X167 D

7XI1167
12X1167

sw.  18XI167
S.W.  21X1167
26X1167
28X1167

S.W. 29XI1167
31X1167

3168

8168

9168

16168

S.W. 18168
19168

20168

22168

25168 g

25168

P e B 503 U0 B K ettt b md

Sand i
Well open agz
30168
11168
11168
611168
Sand
1511168
1611168
1811168
1911168
2011168
2711168
3011168
3iVes
171V68
241V68 6 -
261V68 6 -
3ves 6 -
Recer,

8VI6s
3vV1168
Chlot

S.W. Separate water
* Two discharges

[
i

slotted portion of |
b‘ccausc between th
pipe there is cons
which water of lowe
once the overlying
uction. |

With a 53¢ inch
charge increased ac|
ecrease in wel!—hea!
the Na/K index |
culated by the silj
Btu/lb, which indi{

Vartations existed i/




NOTES AND DISCUSSIONS
[ Tasre 1. Cuesmican Resurts
-
L - Discharge
( Diameter Pressure Sodium Potassium Na/K SiO; E
Date (inches) (psig) (ppm) (ppm) ratio (ppm) Btu/lb.
T INTe RS LREE fe)
g Tnitial discharges (Fig. 4)
S0 PRASENT 1] 21X167 Drain 180 5760 1650 5.9
SN WhL CLos 7X1167 v . 405 6593 1825 6.1 702 610
- — 12X1167 14 420 6350 1707 6.3
i W, 18X1167 3% 550 7575 2000 6.4
W 21X1167 1 593 7650 2025 6.4 1116 568
26X1167 134 610 6437 1672 6.5 675 572
28X1167 1574 600 6594 1650 6.8
W, 29X1167 144 605 7968 2017 6.7 1131 572
31X1167 2 610 6093 1431 7.2
3168 234 531 6500 1569 7.0
8168 3 480 6250 1294 8.2
9168 313 450 6406 1306 8.3
16168 4 462 5250 1100 8.1 581 500
W, 18168 414 442 7625 1530 8.4 776 480
19168 434 432 6219 1294 8.2
20168 5 426 6469 1325 8.3
! - 22168 514 404 6375 1300 8.3
‘and, consequently, so d 25168 53 397 6250 1263 8.4 500 463
e bottom of the well. When 25168 Sand ,5%1 flow (cl 330 1 6750 1181 9.0
: and in the tlow (closed we b
:dra\(\i/ Or‘l the upper strata, g Well open again. Discharge by several diameters.
sand was captured by the 30168 4 438 6437 1225 8.9
/K ratio was increased to-8 11168 3 465 6187 1205 8.7
renedetedid| 3 B &oo@ %o,
: . 5
g from strata lying above the Sand present in the flow. Return to small diameter (start second development, Fig. 4).
1511168 214 400 5187 950 9.3 476 464
1611168 3 400 5312 944 9.5 476 458
1811168 314 390 481 460
1911168 4 395 5512 1005 9.3
2011168 414 393 6093 1081 9.5
2711168 434 385 5906 1012 9.9
301168 54 370 6125 1069 9.7
31V68 6 360 5562 994 9.5
171v68 . 6% 280 6000 1094 9.3 . 506 470
241V68 6+4" 225 5500 1031 8.8
261V68 6 +5* 240 5906 1140 8.8
3ve6s8 6 + 54" 235 6375 1175 9.2
Recent values low output
8VI6s 3 384 5594 1145 8.3
3viie8 314 382 6531 1275 8.5 523 475
Chlorides 10,000 ppm in mixture
S.W. Separate water
* Two discharges
o ,Slotted portion of the pipe. This is feasible When the discharge of the well was controlled
tecause between the well walls and the center by a small orifice, only water from hotter
pipe there is considerable annular space by strata contributed to the well discharge. When
which water of lower temperatures can godown  the discharge is increased by increasing the size
once the overlying strata have gone into pro- of the orifice, the bottom pressure decreases,
duction. and strata of higher elevation and lower
With a 534 inch orifice (Fig. 2D), the dis- temperature begin to contribute to the flow.

tharge increased accompanied by a consequent
decrease in well-head pressure and an increase in
the Na/K index to 9 units. Enthalpy cal-

30-1-68

20-i-38
tulated by the silica method was about 470
. 4 8tu/lb, which indicated that large temperature
itial discharge). -3 “anations existed in different producing strata.

Once the upper strata go into production, the
cooler water flowing above the hotter water
near the bottom of the well partially displaces
the hot water.

As an example, we have the same result when
the well is “‘killed” for modifications and re-

v
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pairs. When cold water is put on top of the well
flow, a hydrostatic column brings the bottom
pressute into static equilibrium, and the cooler
water of the lower strata absorbs the water that
is continuously being added. It is possible that a
similar effect would result if flow from mean-
and high-temperature strata were mixed. At
well M-20 there are producing strata with
temperature differences on the order of 100° C,
based on variations of the Na/K index. This
well has provided valuable information for the
approximation of well conditions and the con-
tents of the upper strata in this area. Other
wells in this area produce fluids only from the
deeper strata of highest pressure and tem-
perature.

In Figure 3 the data are used to illustrate
the probable distribution of the Na/K ratio
in the geothermal waters at several levels where
permeable sands or fractured shales occur. It is
possible that waters immediately underlying
the clays at a depth of 800 m are superheated
and have an enthalpy of 400 Btu/lb near the
bottom of the well (41380 m) waters have an

enthalpy of 650 Btu/lb, or greater. It is
possible that free steam can be found at thy
depth which comes from still deeper strata
higher temperatures.

VARIATION OF NA/K INDEX VERSﬁS
PRODUCTION DEPTH IN THE WE

In Figure 6 there is an approximate rela
ship between the Na/K ratio and depth. Th
curves which are formed by connecting the
values from each well have a characteriste
slope which passes through values obtain
from several superficial manifestations near
wells. Well M-20 especially demonstrated thy
characteristic variation, because the discharge
control and analytical procedures were mog
comprehensive and precise for this well.

Wells M-6 and M-10 are outside the val
for the other wells shown in Figure 6 principally
because the fluid follows an unusually long
flow path (M-6), or the fluid chemistty ts not
equilibrium with the temperature (M-10);
However, the characteristic slope between
maximum and minimum values can be not

‘or the two wells. Figure 6 sh
consistent variation in the Na
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variation is approximately tw
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.. the two wells. Figure 6 shows that there isa An additional finding of this study was the
.onsistent variation in the Na/K ratio whichis  existence in this area of an important water-
-pendent upon the depth of the producing  bearing zone from a depth of 800 to 1000 m.
-atum unless influenced by vertical leakage This is of great importance because steam can
rough normally confining shale zones. This  be produced from different zones making it
,ariation is approximately two Na/K units for  possible to drill and bring to production wells
«1ch 300 m of depth, and it illustrated the loss  of shallow depth at the same location as the
{ potassium as the waters migrated vertically  existing wells (M-5, M-8, M-15, M-21, M-26,
«om their principal source to the surface, Also  and others) that derive fluid from the deeper
hown is an orderly distribution of hydro- strata at depths of 1100 to 1500 m. Naturally,
fermal fluid between interconnected per-  pressures and temperatures of this water-bear-
acable and impermeable strata underlying the ing zone are lower than those of waters
ick clay sequence. emanating from greater depths. gIowever,
: utilization of these waters presents advantages
CONCLUSIONS and saving in drilling cg’mpletion and ex-
By considering the possibility of descending  ploitation. Similarly, there are fewer problems
“ow in well M-20 through the annular space associated with the accumulation of salt
revveen the casing and the drilled hole (wall  deposits in the producing strata, a problem
+f the bore), it is possible to explain the great  which is common to wells of greater depth in
wathalpy and  discharge pressure variations  the field.
shich have been observed on a lesser scale in Finpally, water-bearing zones between 800
he other drilled wells. and 1500 m (maximum depth reached in the
The orderly distribution of the Na/K index field) greatly increase the field reserve where
«a the various strata also show that connections  the maximum steam-well discharge pressure of
svist between them. These connections must be 1040 psi, 73 kg/cm?, bottom temperature of
lue to fracturing because continuous layers of  730° F, 388° C, and discharge rate of steam-
apermeable shale are intercalated with porous  water mixture of 1,500,000 Ib/hr 680 tons/hr,
ndstone. are the greatest known in the world.
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