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DERR JOE;

I

CALLED YOU HOME LAST NIGHT. UNFORTUNATELY YOU WERE NOT IN { ANSWERING

MACHINE ). L WANTED TO DISCUSS WIVH YOU THE FOLLOWING:

]

4.

ENCLOSED PLEASE FIND A SQHPLE OF & WORKING SHEET FOR THE DATA REQUIRED
FOR THE GRaVITY MODELING, PARTLY COVERING THE PRINCIPAL FACTS (ITEM 2)
YOU MENTIONED IH YOUR LAST MEWC: JULY 27. 198%.

IN THE SAMPLE SHEET IT 15 OMLY MISSING ITEM B WHICH ARE THE COORDINATES
GF  BEACH STATION, WHICH GRE READILY AVAILABLE. THE TERRAIN CORRECTIONS
FOR THIS PARTICULAR EXAMPLE IS FOR A DENSITY OF 2.67. I HAD THE O0QOUBT
OF  WHETHER THIS TERRAIN CORRECTIONS HAVE LINEAR RELATIONSHIP FOR
GIFFERENT DENSITIES FOR A PARTICULAR STATION. 1  ASKED PALMa AND  HE
341D YES: ALSO I CHECKED A SIMILAR WORKING SHEET FOR GENSITY 2.0 aND
THEY ARE LINEARLY YERY CLOSE. THE PROELEHM IS THAT THE 0aTR TO
CALCULATE TERRAIN CORRECTION IS SUCH A BULK OF FIGURES THAT USING A
LINEAR RELATIONSHIP WGULD SAVE QUITE SOME TIME.

I CaN SEND YOU THE REST OF THE DATA ON WORKING SHEETS L{KE THE
ENCLOSED. PLUS THE COORDINATES, SC YOU CAN MAKE YOUR OWN CALCULATION
FOR ANY DENSITY (2.30, 2.35... ETC.) AND PROCEED WITH THE MODELING OF
THE CROSS SECTIONS REQUIRED BY THE PANEL. PLEASE ADVICE ASAP.

TWO  PIECES OF INFORMATION: YESTERDAY I ATTENDED A MEETING WITH INDE
PECPLE., WITH THE FOLLOWING RESULTS: - THEY EXPRESSED  HE THEIR
DISSATISFACTION WITH GUR RESULTS ON GEORHYSIC (AS YOU MIGHT REHEMBER
THERE IS A PREVIOUS MOUDELING) AND PALMA SHOWED TO ME HIS RESULTS OF a
30 MODELING OM A COMPUTER PLOT, (A GEOPHYSIST FINK HAS BEEN WORKING
WITH THEM).

I TALKED TO ROY BY PHOME THIS MORNING. I WANTED TO HAVE HIS AUTHORIZA-
TION TO MAKE ANY ARRANGEMENT WITH YOU. HE WAS IN YELLOWSTONE AND THE -
PHONE LINE WAS NOT THE BEST, SO WE COULD NOT FINISH TALKING: BUT I AM
SURE HIS ANSWER 1S AFFIRMATIVE.

ENCLOSED I AM SENDING YOU A COPY OF WHAT WE PROPOSED TO INDE. ALL OF
IT WAS REQUIRED BY THE FANEL AND HAS TO BE PRESENTED AT THE END OF THE
HONTH. S50 PLEASE LET ME KNOW WHAT ELSE 0O YOU WANT. THIS WAS piY
REFERENCE ON MY LAST MESSAGE THAT THE GEOPHYSICS WAS FAR BEHIND THE
REST OF THE STUDIES. :

TODAY I WILL BE SENDING YOU THE MATERIAL WE COLLECTED FROM ZLQ~S.

SINCE YOU ARE LISTED AS WRITER OF THE FINAL REFORT ON. HG CONYENT, I
WONDER IF YOU Can  SEND ME A COPY OF YT FOR  REPORT PROPOSE AND
TRANSLATION.

THANKS A LOT JOE. PLEASE REPLY THIS 30 YOU LET ME KNOW ABOUYT SENDING
THE RE3ST OF THE DATA.

BEST REGARDS,
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The fluid 1inclusion and paragenetic relationships among the minerals
studied will be combined with fluid analyses of springs and wells to
develop a detailed hydrogeochemical model aof the geothermal system. The
circulation patterns within the reservoir and changes in chemistry and
temperature of the reservoir with respect of time will be obtained.

4.4 Stable Isotope Studies

Stable isotope studies (oxigen-18, deuterium) will be carried out on
selected samples of fluids and rocks. The primary objective of the fluid
analyses is to determine the location of the recharge zones. Samples of
the production fluids, thermal and non-thermal springs will be obtained.
(See Geohydrology - Geochemical Sampling Plan). Data from the non-thermal
springs (or local precipitation) will be used to construct a local meteoric
water line. The thermal waters will be compared to the wmeteoric
oxygen-deuterium relationships to establish the elevation of the recharge
zones, the relative extent of interaction with the reservoir rocks, and the
importance of boiling, mixing, based on the results of the alteration
studies. Rock samples will be selected for stable 1isotope analysis., If
appropriate, samples of unaltered and altered rocks produced by the
geothermal fluids will also be selected. From these data, the isotopic
composition of the fluids, and data on the temperatures of alteration the
integrated fluid flux through the system will be estimated.

4.5 Geaphysical Studies

4.5.1 Electrical Resistivity

4.5.1.1 Methods

Elsctrical surveys by JICA and INDE, (1976-77) consisted of Schulumberger
arrays and were conducted in the area of Zunil I southwest of the village
of Zunil. Several resistivity anomalies were observed. These could be due
to clay alteration, the presence of saline fluids differences 4n rock
lithologies. As a result a quantitative interpretation of . the existing
electrical soundings has been recommended, The objective of this
interpretation will be to provide a better structural outline of the area
covered by the electrical resistivity surveys.

4.5.1.2 Result

The quantitative interpretation’ of the existing electrical data will be
designed towards producing a resistive substrate ceiling map. The map
should show the substrate ceiling near the granodiorite ceiling and should
indicate more exact information on the location of principal
discontinuities which relate to the granodiorite basement.

..17_.
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4.5.2 Gravity Modeling
"4.5.2.1 Methods

Modeling of the Zunil I area using existing data has been recommended by
the Advisory Panel to better define the subsurface structure beneath the
Zunil ZCQ well field. The modeling will wuse formation densities as
repraesented from the different formations. The densities recommended are
as follows: L

7 2o 2

- upper level with am#high density (d=2.6) " e
intermediate level with a lower density (d=2.4)
-.Granodiorite basement (d=2.65)

The above density values are indicative of typical volcanic granodiorite

rocks. Measurements of densities from borehole samples should be wused to -

refine the above suggested values. The modeling should use actual
densities. taken from borehole samples. The model selected to be wused 1is
the MAGIX gravity forward and inverse model for personal computers. The
model is a real time interactive interpretation program which uses an
interactive graphically oriented earth model editor in conjunction with the
real-time calculation and display of the forward response curve. As the
earth model is varied on the screen, the forward response curve for the new
model is calculated and displayed on the screen automatically. Forward
modeling the MAGIX model provides a synthetic gravity curve up to 9 bodies
with a total of 80 vertices spread among the bodies. Each body 1is
calculated from published Talwani-style polygon algorithms with the density
specified in terms of density c¢ontrast. MAGIX will provide inverse
solutions from a starting model within the same parameters as mentioned
above, The user can fix parameters of the body he wishes to remain
unchanged. The Imman style inversion routine contained in the program will
vary the other parameters to obtain the least squares fit. The parameters
of a body that are variable include its vertices and physical property.

In normal - operation the best fit to .the observed data would be
obtained using the interactive forward model then optimize the model

‘parameters using the inverse solution featurss. Output is in the form of

graphics with the operator setting the dimensions of the plot. The screen
disp}ay is generally used for review prior to plotting the output.

4.5,2.2 Result

With the modeling, considering the geometry of the sections and densities
used, a theoretical curve will be calculated which can be compared to the
measured curve. This will allow a better interpretation of the anomaly
which 1s presently interpreted as the Zunil Graben.

These cross sections will be generated as a result of the modeling. These

cross sections will be perpendicular to the Zunil Graben and go through the

ZCQ-4 and ZCQ-6 well zones, The granodiorite contact, amount of overlying

volcanics and tectonic nature of the top of the granodiorite will be deduced
from the existing ZCQ well data for input into the interpretation.

_18_
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Fig. 11-9. Terrain correction zone chart designed by Hammer, used in conjunction with Table 11-1 for

zones through J.

Scale is 1/175,000. (Gulf Research and Development Co., published in Geophysics,

., 1939.) -
TABLE 11-1. Terrgin-correction Tables to Be Used with Chart
Zone B, Zone C, Zone D, Zone E, Zone F, Zone G,
4 comportments, & comporiments, 6 comportments, 8 comportments, 8 comportments, 12 compartments,
6.56 to 54.61 54610175 175 to 558 558 to 1,280 1,280 to 2,936 2,936 10 5,018
. . .
i \
Zone H, Zone |, Zone 1, Zone K, Zone L,
12 compartments,

12 compartments,

5,018 to 8,578 8,578 to 14,662

16 comportments,
14,662 to 21,826

16 comportments,
21,826 1o 32,490

16 comporiments,
32,490 to 48,365

Zone M,
16 compartments,

48,385 to 71,996,
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DENSITY PEASUREMENTS OF IUNIL CORE SAMPLES

Sample #

I-11 8%
I-11 476a
I-11 165a
1-2 38m
1-11 5%0a
103-2 103s
I-2 b24a

1084 1015

{grancdior.

alteced y
uJ.g+a, eld

g‘z z.65

CR‘Q ;& DA

283.61
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205,80

- B2

Dry weight Suspended weight
{g}

119.12

312.50

{g)

Saturated weight

297.30

222,85

12,60

A

308.00

152,10

616.50
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830,40,

Vol
{cu. cm)

129.35
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DENSITY WMEASUREMENTS OF ZUNIL CORE SAMPLES

Sample #  Dry weight GSuspended weight Saturated weight Vol Density

{g) {g) {g) {cu, cm)  {g/cu. cm)
1-11 8% 283,61 167,95 297.30 12933 2,19
I-11 476m 214,00 130.30 222,63 92.35 2.28
-1 165m. 305.30 173.05 32,60 139.55 2.49
1-2 580m 295,03 175,45 308.00 132,35 2.3
I-11 59%0m 148,50 89.21 132,10 £2.99 2.36
ICG~2 103m 610,06 365.@ 616,50  231.50 2.43
1-2 b2 205.80 119.1;? ' 218.40  99.48 2.07
ICH~4 1015m 821,00 512,50 B30.40  317.90 2.58

(granodior.}

Average: 229



DENSITY MEASUREMENTS OF ZUNIL CORE SAMPLES

Sample #

Z-11 89m
Z-11 4760
Z-11 1658
2-2 580n
2-11 530m
2C0-2 103m
2-2 626n

2CQ-4 1015m
(granodior.)

283.61

211.00

305.30

285,05

148.50

610.06

205.80

821.00

Dry weight Suspended weight
(g)

167.95

130.30

173.05

175.65

89.2t

365.00

119,12

512.50

Saturated weight

297.30
222.65
312.60
308.00
152,10
616.50
218.60

830.40

Vol

Density

(cu. cm): (g/cu. cm)

128,35

92.35
139.55
132.35
- 62.89
251.50
99.48

317.90

Average:

2.19

2,28

2.18

2.23

2.3

2,43

2.01

2,58

2,29
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nevw report were much better than the Mision de Enfoque report of a year

ago.
3.5 Geophysics
3.5.1 Gravimetry
+.LAYOUT 2

During 1989 MKF made a detailed gravimetric study in the Zunil I field. The
results of these study have been presented: Bouguer anomaly with more
densities, residuals (regional anomaly = “plano inclinado") which permitted
the drawing of main gravimetric discontinuities for each density. The
Nettleton profile shows that the more convenient density correction is
between 1.9 and 2.2.

A map of d = 2.3 has. been chosen for 1nterpretatlon, MKF modeled only one
profile with very simple parameters (2 layers with basement density of
2.6). :

3.5.2 Electrical _
Referring to the electrical study, only one qualitative differentiation was
performed for electric soundings: resistive substrate and conductive
substrate. '

We may suggest to MKF:

- To establish electric sections (quantitatively) in the invested data of
the electric soundings., For each sounding which has reached the
resistive substrate perform a equlvalence test for the conductive layer
over the substrate.

- Using this completed electric data, with the lithologic and
quantitative information of the deep wells, perform a series of
sections (with one density, 2.2 for example) in the Zunil field.

It can be started with a 4 layer model:
1. Superficial layer (volcanites).
2. Altered formations representatlve layer (conductive layer from the —
electric soundings).
3. Andesitic layer representing the reservoir.
4. " Basement

Since the field geometry is well known it could be attempted (setting the
quantitative data) to study the possibilities of variation of densities in
the interior of each layer and particularly the basement.

This set of profiles should permit to locate more precisely the main
discontinuities (greater fractures zones) and contributing to a better
understanding of the Zunil I field structure.

3.6 Well Testing :
3.6.1 short Term Test

These tests consisted in running one well at a time during one week or
less, wells 7CQ-3, -5 and -6. Allowing them to discharge free to the
silencer with & fix valve position. During production, water and steam
flow were measured, pressure temperature and spinner profiles and chemical
samples were obtained. Before closing production a pressure element was
lowered and then with no flow the build-up test was performed (this only



3.1

ZUNIL I _ (Morrison Knudsen, MK-Ferguson, Cordén y Mérida)

General Comments R S ' (R. Dipippo)

The Panel bases its remarks on the followiﬁg reports by MK~-F an C y M

"= Geoscientific studies, Report No. 1, August 1989.-

- Well Testing, Production-Interference, and Chenical Tests, August /8¢

- ZD Production wells, August 1989, and on the oral presentations made

during the meeting.

As far as geological studies are concerned, the main qﬁeétiou remains -—-
abqut“the location and nature of the principal and minor faults. .'Since
tﬁése are assumed to be tﬁe conduifs for the geothermal fluid their --—
identification and characterization is crucial. -It is clear that poten~
tial landslide areas must be avoided insitting wells and other plant faci

lities.

In the area of geocheﬁistry, it is not certain yet -whether- or _ﬁot the
mercury studies will prove useful in locating good well targets. The -~
fluid inclusion studies are quite comprehensive and should prove quite

useful. The main point seems to be that the open fractures in the grano-
diorite appear to be manifestations of the‘present geothermal system, and.

not ancient relies.

The hydrogeological study is good, but much remains to be done. The Pa-
nel was disappointed in that the data of the fluid sampling that was do-
ne during the flow tests was not presented in an acceptable and useful -

manner.

. With respect to the geophysics, the Panel offers suggestlons as to how



to interpret the results of the gravity survey using a 4-layer model with'

a variable densiti; but with layer thickness determined from lithologi -

according to drill logs.

The well test results‘were misleading in that much more data interpreta-
tion is needed before clear conclusions can be drawn about the production
characteristics of the wells. The long-term behavior of the Zunil I

field cénnot be predicted at this time. It is clear that all wells are

flashing in the formation, a situatioun that may have .detrimental long-

-

term effects on production. Much work must be done in the interpretation

of the interference tests.

The réservoir model should be calibrated using all reliable test data -
from the very first well tests. Any discrepancies among test results .-
must be explained, a recommendation that the Panel has made in each of -

its reports.

The hydrology study is very simplistic and does not resolve the question

of the recharge to the field.

The power potential of the wells has been recalculated in light of the -
new tests, but caution is advised in using this value because the wells
were not flowing simultaneously and the effect of interference has not

been factored in because the numerical reservoir model is not available.

The Panel accepts most of the drilling targets proposed by the consul -

tants but recommends that the decision tree be deferred until the results
of the drilling of the first well is available. VWe endbrsethe idca of
directional drilling but suggest that fewer wéll pads be usea to drill -

the targets, in accordance with accepted methods.



3.2

3.2.1

Geologia A ‘ o (G. Marinelli)

Neotectdnica

Cuando el objetivo de una exploracién en el subsuelo se encuentra a im - .

‘portante profundidad (por ejemplo, mayor de 100 m), el costo de la perfo

racién es tan elevado que se justifica el empleo de varios métodos de ex

ploraéién, para disminuir el riesgo de fracaso.

Esta consideracion tiene validez, é’pesar &el valor comercial de la sus-
tancia buscada; es decir, pe;réleo, gas, fluidos geotérmicos. El valor
comercial dei producto afecté solamente la utilizacidén de metodologias -
de. costo elevado. Pbr ejemplo, la sismica de reflexién, que es empleada

en forma generalizada en la exploracidn petrolifera, es utilizada poco y

-

solamente en casos particulares en la exploracidn geotérmica. Las meto-

dologias fotogeoldgicas y geoldgicas de campo son, por otra parte, de -~
uso generalizado, en consideracidn a su costo tan bajo. Por estas razo-—

nes, en el caso particular de Zunil I, la identificacidn esmerada de los

‘sistemas de fallas y fracturas en el adrea geotérmica habia sido recomen-

dada por el Panel. Esta investigacidén puede indicar el mas probable sis

~tema de fracturas que alimenta el supuesto reservorio profundo, disminu-

yendo asi el riesgo de fracaso en la localizacidn de las perforaciones -~

profundas inclinadas.

Los estudios del Consultor han llevado a la conclusidn que son producto-
ras tanto las fallas o fracturas de rumbo NE-SO (Falla de Zunil) como -
aquellas de rumbo‘ortogonal, E1l Panel ﬁo sabe c6ﬁo se haya alcanzado es
te resultado y lo considera poco probable, porque, en general, en un =--
area de tamano tan reducido (unds kmz), el sistema activo de fallas o -~

fracturas de caracter tensional es uno solamente. De todas formas se re



»

comienda que el objetivo de los pozos inclinados no debe ser el punto de

e H

4

interseccidn de'los dos sistemas de fallas. La experiencia miﬁera mues—
tra, én‘efecto,-qué en estos puntos dondé la circulacidn inicial de los
fluidos esvmayor ocurre una mayor deposicidn de minerales debido a la -
) disminuciéh de 1la Qelocidad de los fluidos. ‘Es;as 2onas, las cuales son
favorables en el campo minero porﬁue son lugares de concentraciéq de los

minerales dtiles, pueden perder rapidamente su permeabilidad poxr "self ~

sealing" de incrustacidn.

El Panel recomienda, por lo tanto, que los pozos no sean Jlocalizados se-

gﬁn_la figura 1, sino conforme a la figura 2 :

Falla o
Fractura
Fig. 1 t

]

!

' i

! . ,

Z& Pozo Desviado . 23 Pozc Desviado
3.2.2 Mineralogia de alteracidn

En lo que se refiere a la mayor o menor permeabilidad de los reservorios
por fracturacién, ésta es, si es igual al modelo tecténico, proporcicnal

a la rigidez (y por ende, a la fragilidad) de las rocas encajantes.

Las cuarzitas, las calizas dolomiticas y las calizas son, por lo tanto,
rocas ideales, asi como las rocas magmaticas intrusivas ricas en cuarzc
(granitos, granodiéritas) siempre y cuando estas rocas no sean alteradas.
.La alteracidn hidrotermal, produce en estas rocas un cierto grado de
plasticidad, particularmente en profundidad.- En efectos los feldespatos,
la hornblenda y las biokitas se transforman en filosilicatos muy hidra -

tados (caolin, ilitas, smectitas) o poco hidratados (sericitas, clori -

R TSI
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3.2.3

3.3

3.3.1

- 15 -~

tas): los planos de "Cleavage" muf ficiles de estos minerales hidroter-
males, facilitan la modificacidn de forma bajo el efecto de la.presién -
litostatica. Pero estas récas se vuelvehvnuevamente'rigidas yAffégilés
cuando la alteracidn hidrotermal ocurre a fempéréturas elevadas. En efec
to, a 300°C y a températuras mayé;és, los minerales de alteracién hidro-

termal estables : cuarzo, epidota, albita, adularia, anhidrita, vuelven

las. caracteristicas mecadnicas de estas rocas similares y quizas aiin mejo

‘res de las de las rocas no alteradas.

¥

Los estudios pet;ogréficos dg la granodiorita procedente de los pozos de
Zunil 1 muestran una alteracién hidrotermal tipica de la éona a filosili
cqtos; sin embargo; ya se observan vefas de cuarzo y epidota que amuncian
eq?ilibfios de temperaturas mis eleva&aé. Por lo tanto, el Panel sugie-

re que la biisqueda del reservorio en la granodiorita sea efectuada a pro

~ fundidades lo mds elevadas posible de manera que aumente la probabilidad

de encontrar un sistema de fracturas altamente productivo.

Deslizamientos

Para la eleccidn de los sitios de ubicacidn de los pozos profundos de Zu
nil I hay que tomar en cuenta la presencia en la zona de derrumbes y de

deslizamientos.

- Geochemistry . : (Fraser Goff)

Mercury Anomalies °

In the past, I have never been very impressed by mercury (or radon) ano-
maly maps because I have always felt that good geologic mapping and
surface alteration studies in combination with the distribution of

thermal features would yield nearly the same information. we -—-



3.3.2

- 16

o trm e ot

already know, for exaﬁplé,‘that there is cinnibar in the'alﬁered rocks

near ZCQ-4 and that” the cinnibar is deposited as a result of volatiliza—
tion at depth. None the less, MKF pefformegia Hg-survey of approximate-
ly 40 soii samplés iaid out in a.grid an§ by confouring.the data, have
found a "best tafgeg éreé":for dfilling on the basis of correlations of

anomalies with mapped fault and fault intersections. I give MKF credit

for initiating the study on their own and acknowledge that they may have

identified a productive téfget zone. Only drilling will prove it.

I'd also 1like to mention that soil mercury is not din the form of cinnibar
but rather as elemental mercury or complex organic compounds. This requi
res that the anomalies be very young and must, therefore be manifestations

of :open fractures.

Fluid Inclusions

Although fluid inclusion measurements wére first used to study deposition
temperatures and fluid compositions of ore deposits, the science of fluid
inclusions has advanced rapidly in recent years because of its application
to active geothermal systems. This application is particularly enhanced
where reservoir chemistry, hydrothermal alterations, and measured tempe-

ratures in wells are available.

The fluid inclusion investigation performed by MKF is a very nice inte -
gration and is typical of similare studies now widely carried out in Ja-
panese, New Zealand, and US geothermal systems. The major results are

these :

1. The alteration and vein minerals observed in the cuttings and cores
from Zunil I were formed from hydrothermal solutions very similar to

those now circulating at Zunil I today.



3.3.3

2.

" tion with depth are similar to the éonfigufation of vapof, Na-HCO -

4.

Hidrogeochemistry

'temperatures.' Where they do not, the T

The types of fluid inélusions, their salinities, and their distribp -

N :

3

~and Na-Cl fluids observed at the'surface’and ih-the ekisting-wells at

Zunil I.

,THe'homogenization tempéréturés closely approximate the measured well

L, 1is only a few degrees lower

than Tm suggesting that, locally, the system may be.heating up (in -

geologic time).

Most important, the fluid.inclusions in vein minerals from granodiori

te cores and cuttings are no different in salinity or T, than similar

h

'inélusions in overlying rocks. Clearly, the open fractures in the -

granodiorite are a manifestation of the present geothermal system.

They are not a relict of an ancient hydrothermal went.

I was less impressed by the interpretations made with the new MKF hydro-

geochemical data. Also, some data was still incomplete (stable isotopes)

or poorly'analyzed (tritium data). The basic water types and their gene

ral configuration in the system was already known. Of major interest was

to aquire a set of intefnally consistent analyses (same laboratory) from

all features ksurface and wells) in ordér to interpret the widearray of
mixing, boiling{ and cooling procesges occuring in the reservoir. Also
of major interest Qas to obtain a cémprehensive set of stable isqtope da
ta on cold waters around the area (10 km radius) to find the recharge --

areas. Neither problem was adequetty answered. In particular :
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l. I firmly gelieve~that all hydrogéoéhemical interpretations start with
simple plots and tables to charactarize water types, iden?ify mixing
processes and tabulafe the standard sﬁgqyagfcﬁemi§al geothermoﬁeters.
(specially those with a provén track record iike Na/k and Na—K-Ca).
Insfead; chloride enthalphy diagrams were analyzed with little back -

ground interpretation.

2. The chloride~enthalphy diagram that was stressed used enthalphy based
on a somewhat obscure geothermometer, k-Mg. -The.accuracy of this geo
thermometer is still not widely proven but, in any event, the plot -

compared data frém two different types of springs, Na—HCO3 and Na-Cl.

The latter is the oné of greatest interest (or mixtﬁres of Na~Cl with
;othgr types). . Alsé, all data we?e_tbrown on the plot (who knows how
reliable they all are), making a confusing array of data clusfers and
trends. The new set of internally consistenﬁ data should have 'beeﬁ
used first and then older data coméared. The point of ail this is -
that there may be no strong evidence for témperatures'of 325°C exis~-

ting in the reservoir.

7

3. Another way to assess the reservoir temperature of the "mother fluid"

is to compare gedthermometers from the least boiled and least mixed -
fluid. Don't stop with the chemical ones; use SlBO—SOA.and the gas

geothermometer of D'Amori and Panichi as independent checks. If they
all agree reasonably well (remcmbef, these geothermometers have errors
gs higﬁ as + 30°C), then you may not get a lot more out of your chlo
ride enthalphy diagrams. The temperatures that I calculated on data

from ZCQ-6 were fairly consistent at 270 to 300?C very similar to the

measured temperature of 280°C.



4, Since MKF now has quality samples taken from miniseperators during -

the latest flow ‘tests the quartz geothermometer should be useful when

applied to the flash corrected analysis. - : .;

s T

5. Also, an MKF subcontractor made the{horrible Statiﬂfﬁf>fhat since Zu

nil I reservoir. fluids are dilqte,,they>caﬁ't cause scaling or sealing
problems if the fluids flash-in the formation. Since silica concentra
tion is wholly dépendept on temperature in neutral—éhléride resgrvoir
fluids (like.Zunil I), a 280°C fluid with 500 ng/kg .TDS ﬁill have -
the same silica éoncentration as a 280°C fluid with 50,000 TDS. And"

if the fluid boils, it will precipitate silica.

6. With no new isotope data to present, the location of recharge areas -

is still one of speculation.

7. There are more up to date ways of interpreting tritium data based on
a short paper by Pearson and Trqesdell (1928). An applicétion of this
method was developed for Central American geothermal waters by Goff-
et=al (1987) in a Los Alamos report on Honduras.. It.shéuld be viewéd
qﬁalitatively. Write mé for a reprint; Also, doesn't it strike MKF
as unusual that the Zunil I reservoir fluids (mother fluid) would ha-
ve more tritium than overlying Na—HCO3 waters?. The data must origi-
nate from different labs, or some data must come from allab with poor

precision, or the wells contain some young water from injection or =

other operations.

3.3.4 Fluid Sampliﬁg During Flow tests

It was unfortunate that the reconstituted analyses of the well samples in
cluding their isotopic results were not available for scrutiny. These —~

analyses and similar ones that will follow as the field is developed and
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produced will become one of the very bist tools to monitor the "health"

. of individual wellé'and of the entire field at rélatively low cost.

Hidrologz B o o g (Fraser Goff)
The simple hydrologic models that were presented were interesting but -

weré/very simplistic. In addition, without the results of the stable -~
isotope sﬁr&ey of cold waters, it is still not clear’if the rrgica rorth
west oﬁ.Zﬁnil I is the recharge area. Once the latter issue is resolived,
the models can be constained with realistic boundaries, structures, per-

meabilities, etc.

" If the Quetzaltenango Caldera indeed exists, the depression that it crea .-

ted would serve as a gigantic recharge area for the Zunil reservoir, --
which occurs at a lower elevation than the postulated‘caldera floor.
There  would be some merit in establishing whethef or not this caldera -
indeed,exists, in defining its subéurface structure, and in particular,
defining its southeastern boundary zone (beneath the underlying young
volcanic rocks)and understanding the structural and hidrolqgic>significa3
ce of the Q.Cal to the Zunil fault zone énd the geothermal system. Simi
lar features have a profound influence on the hydrologic coﬁtrol of the
geothermal system at Valles Caldéra, New Mekico, as stated in your ﬁew
report. At the present time, the Panél is not recommending a reprogra -
ming of funds to unravel this prbblem‘but, if the Zunil I field is deve-
loped, the problem’ should bé addressed. By the way, the style and pre -
sentation of the new report were much better than the Mision de Enfoque

report of a year ago.
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Geofisica . : . (A. Duprat)

Gravimetria

En el ano 1989 MKF efectud un estudio gravimétrico de detalle en el cam-
po de Zunil I. Los resultados de este estudio han sido presentados: Ano
malia de Bouguer con mas densidades, residuales (anomalia regional esco—

gida = plano inclirnado) que'permitieronvtrazar las discontinuidades gra—

‘vimétricas ﬁrincipales pata cada una de las densidades. El perfil. de

Nettleton muestra que la densidad de correccidn mas conveniente estd com

prendida entre 1.9 y 2.2.

Un ﬁapa con d = 2.3 ha sido e§cogidq para la interpretacidn, MKF modeld
sSlamente un perfil con paradmetros demasiados sencillos (2 capas con den’

sidad del basamento de 2.6).

Eléctrica

Para lo que concierne el estudio elé&ctrico, solo se efectud una diferen—
ciacidn cualitativa entre sondeos eléctricos: los que han alcanzado un

substrato resistivo y los que han alncanzado un substrato conductor.
Se puede sugerir a MKF :

~ De establecer cortes eléctricos cuantitativos en los datos de inver -
sién de los sondeos eléctricos. Para cada sondeo que ha alcanzado el
substrato resistivo efectuar una prueba de equivalencia para la capa

conductora que sobre yace el substrato.

- Utilizando estos datos eléctricos completados, con las informaciones

litoldgicas y cuantitativas de los pozos profundos, de realizar wuna
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serie de perfiles (con una sola densidad, 2.2 por ejemplo) sobre el

N
campo de Zunil I,

Se podria empezar con un modelo de 4 capas :

B ’Caba'supérficiai (volcanitas) .

2, Capa iepresentativa de las formaciones alteradas (capa conductora de

los sondeos eléctricos)

3. Capa andesitica que representa el reservorio

‘4. Basamento

Siendo la geometria del campo bastante bien cohocidajse podria intentar
(fijando los datos cuantitativos) estudiar las posibilidades de variacio
nes de las densidades en el interior de cada capa y en modo particular

en el basamento.

Este conjunto de perfiles tendria que permitir localizar con mis preci -
s1on las principales discontinuidades (zonas de mayor fracturacidén proba
ble) y contribuir a un mejor conocimiento de la estructura de el campo

de Zunil I.

Pruebas de Pozo I ‘ . A (P.E. Liguori)

Pruebas de corta duracidn

Estas pruebas conéistieron en ponér en produccidn uno ‘a la vez, durante

una semana mias o ménos, los treé pozos 2CQ-3, 5y 6 dejéndoles déscargar
libremgnte el silenciador con posicidn de valvula fija. Durante la pro-
duccidn se midieron caudales de agua y vapof,_se sacaron unos perfiles -
de presidn, temperatura y "spinner" y se tomaron muestras quimicas. An~

tes de terminar la produccién se bajé en el pozo un elemento de presidn
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y, al cerrar el pozo, ée'llevﬁ a cabo la prueba de "build-up", limitada-

mente a los pozos .ZCQ-3 y 5. Los datos se han presentado bien organizé-

dos y estén claros lo suficiente como para apreciar los resultados de las

.

pruebas aiin cuando estos no estén ampliamente descritos.

La interpretacidn de las pruebas de corta duracidn ha sido dirigida a dos
fines :
- Establecer la potencia eléctrica disponible y;-

- Determinar las caracteristicas hidraulicas de cada pozo probado.

Sobre la potencia disponible se comenﬁa_en otra parteAde este informe, -
sin embargo, se recuerda aqui-que la potencia disponible a la fecha de -
pozos descarganao‘uno a la vez y sin soporte de estudios de reservorios
es“unicamente un ejercicio peligroso, due-puede llevar a injuétificados

optimismos,vpor no contener el abatimientd de la produécién que necesa -
riamente ocurriri con el tiempo. Sobre las caraéﬁeristigas hidraulicas

,de los pozos, ellos han sido calculados segin los.métodoélclésicos de 1la

ingenieria de ~‘transientes de presidn.

Los valores obtenidos para la transmisivilidad de la formacidon y el fac-
tor de dano de los pozos se enmarcan en un cuadro normal para campos geo
térmicos en ambiente volcdnico, inclusive el hecho de que el factor de -

dano es negativo.

Cabe hacer notar que los tres pozos tienen columna tétalmente bifasica,

significando que el punto de "flash" se encuentra en la formacion; aﬁﬁ -
si esto puede aparécer como una ventaja, en cuanto se tiene menos agua -
liquida que desechar, en efecto no es muy buen indicio con respecto a la

capacidad del pozo de mantener su caudal de‘vapor a largo plazo.



Pruebas de larga duracidn

-
.

Estas pruebas consistieron en descargar el pczo ZCQ-3 durante casi cua -
tro meses, con posicidn de vélvula fija, midiendo al mismo tiempo la pre
sion de fondc ea los cuatro poéos de observacion 2CQ-1, 4, 5y 6. Des -
pués de dos meses de produécién se empeié a reinvectar el agua separada

en el pozo ZCQ-2 lo que se hizo durante un mes y medio. Durante este -

plazo se “midieron los caudales en:preduccidn y en reinyeccidn, se saca-

- .

ron unos perfiles de presidn y temperatura y se tomaron muestras quimi -
cas. Se estid midiendo todavia la presidén ca los pozos de observacidn -

para tener registros del periodo de recuperacidn.

Tal como para las pruebas de corto plezo la interpretacidon ha sido diri-

gida a dos fines : establecer la potencia eléctrica disponible (de sole

" el pozo ZCQ-3 en este caso) y determinar las caracteristicas hidraulicas

del reservorio. Sobre la potencia se comenta en otra parte del presente -

informe.

Es sorprendente observar que la interpretacidn de laé pruebas de inter -~
ferencia a fines de reservorio no se hizo, cuando al contrario justamen-
te esta interpretaéién conséituye ia_razén para ﬁacer estas pruebas. Ba
jo la definicidén "interpretacidn a fines de reservorio” se entiende la -
bisqueda, a través de la respuesta de les pozos de observacidn, de carac
teristicas fundamentales del reservorio como son al menos la existencia
de barreras y de alimentaciones profundas, valorizacién de las eventua =~
les recargas, ubic;ciéu de fallas de alimentacidén (para dirigir los po -

zos desviados)

La interpretacidén presentada se ha limitado a reinterpretar las caracteris’

ticas hidraulicas y a comentarios generales sobre la comunicacidén o me -



nos de los pozos entre ellos. Los valores presentados por las caracte -

-~

risticas hidraulicas vienen acompabadus de comentarios gen&ricos del ti- '
" . = . " " . " '
po ''mormal para campos geotérmicos' o "congruentes entre ellos"”, cuando

al contrario habria .-mucho que hablar.

La impresidn general es que la intéfpretacién de estas pruebas practica-

mente no se hizo, limitandose a presentar los datos e interpretaciones -

. standard, .(como se encuentran en los textos basicos), sin ninguna tentati

va de comprender lo que efectivamente ocurre en el reservorio superfi -~

cial.

Cabe notar que la interpretacidn estan&nﬂ“de la respuesté del pozo ZCQ—A
no ha individualizado rasgos muy importantes y vaiiosos en ellos conteni
doé:y que en general muchas iqterpretaciones son superficiales y discuti
ﬂles. Considerando que todavia se esti'ﬁonitoreando la recupefacién en
los pozos y héy que probar eﬁ prodpccién corta el pozo ZCQ-4;la sugeren

cia que se puede dar es la siguiente :

- Continuar la observacidén en los pozos ZCQ-1 y ZCQ-5 también durante -

la prueba de produccidén del pozo ZCQ-4.

- Pedir a MKF que haga una interpretacidén cuidadosa y completa de las

pruebas de interferencia.

- Con base en la interpretacidn completa, revisar los comentarios gené-
ricos como "produccién estable" y hacer una evaluacidn seria de la de
clinacidn de produccidén que ocurriria en el reservorio somero bajo ex .

plotacién.
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" Modelo del Campo

~desarrolladoc en dos lineas :

.

La respuesta de MK-F (Dr. Subir Sanyal) a las obséryaciones sobre la fal- .

ta de una interpretacién adecuada de .las pruebas de larga duracidn se’ ha

.~ Que las pruebas todavia estin en curso

~: Que .la ocurrencia de la fase vapor hace necesario el uso de un modelo

que no estaba previsto a la fecha.

" Puesto que hay tiempo hasta el inicio de las perforaciones derivadas para

tener los resultados de una interpretacidn adecuada y la actividad de mo-
delado se pone en paralelo con otros, ¢l Dr. S. Sanyal se ha comprometido

hager.él modelo y entregar los resultados hasta Diciembre de 1,989.

Es oportuno entonces, establecer  los fines y los limites del modelo, quie

nes son los siguientes :

- Que esté estructurado conteniendo los rasgos del modelo conceptual del
sistema geotérmico (geometria, litologia, tectdnica, hidrologia, terma .

1ismo)

- Que maneje fluidos mono y bi-fisicos con inclusidén de gases (por lo me

nos COZ).

~ Que consiga. reproducir de manera satisfactoria las pruebas de inter-
ferencia con produccidn-reinyeccidn.
- Que consiga reproducir las declinaciones de caudal que se observaron

en los anos de 1,981 a 1,985.

Una vez que se tenga este modelo funcionando, sexrd muy facil incorporar

en 21 los resultados de perforaciones y pruebas que se lleven a cabo en

‘un futuro hasta que el modelo se vuelva en la mejor herramienta para -
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evaluar el potencial del campo y luego para manejario durante la explota

N . *

cion. .

~Conclusiones

Las jruenas de produzciln/reinycecidn en los pozes 203 oo ha 3lévado a
cabn siguiendo en principio las reccsend:ciones del Grups Cc:. al-.ivo. (se

gun2 Reunidn), con .cambios renores cue 10 han modifi~r¢. la-valitez de

los resultados.

Los datos han -sido tomados con buena téenica y buen equipo y vambién han

sido bien presertados.

Atr3s de esta muy buena presentacidn se manifiestan- todavia fallzas impor
tantes, unas de ellas ya.subrayadas por el Grupo Consultivo anteriormen-

te, como son :

—~ Se insiste en despreciar la importancia de la valoracidn de las prue-
bas de produccidén anteriores, que indicaron una declinacifn preccupan

\

te en la produccidn de los pozos.

- Puesto que, en base a las pruebas de corta duracidn, se encontrd que
el método. del vertedero resulta mejor que &l gdel orificio en la deter
minacidn del caudal, se sostiene ahora due las mediciones anteriores
son malas (durante la Segunda Reunidn MK-F habia sostenido que el ori
ficio era mejor que el vertedero), borrando de una vez uné decli

nacién de caudal cuya importancia no puede ser olvidada.

- La interpretacidn de las pruebas de interferencia ha sido conducida -
segin métodos correctos pero muy elementales y no aceptables en el -

marco de un proyecto de envergadura.
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~ Nimeros importantes, como son caudales de vapor, Indices de producti-

vidad/inyectividad, se siguen cambiando de un informe a otro con mu -

cha facilidad y sin dar explicaciones.

La impresidn general .sobre las pruebas es entonces que hace falta la ne-

cesaria dedicacidn en la elaboracién e interpretacidén de los datos.

Respondiendo a-'las criticas, el Dr. S. Sanyal dijo que el campo es difi-

¢il por tener presencia de la fase vapor y que entonces se necesita de un

modelo para interpretar correctamente las pruebas.

Es'cierto'que un modelo es importante y ayuda en la interpfetaciGp, sin
embargo se subraya due hasta ahora se ha seguido presentado en forma -
cqntr;dictoria y con.cambios repentinos injustificados una parte de lds
resuitados; sé recomienda por'io tanto'qué el modelo sea utilizado en -
forma élara y que sus voluminosos datos de salida sean bien presentados

e interpretados.

Power Potential of Existing Wells (R. Dipippo)
In this section we will-update our estimate of the electric power poten-
tial of the existing wells. The basis for the calculation is the set of

data taken during the well tests conducted from February until July 1989.

Revised Estimate of Power Potential

On page 39 of the Report of the Second Meeting of the Advisory Panel,we

presented an estimate of the potential power output of the existing -

2CQ-wells,

In table 3.7.1 we present revised values using the test data for the -



" short—term tests on wells ZCQ-5 and 2€Q-6 and the end-point of the ilong-

term test on weil 2C0-3. Earlier data was used for well ZCQ-4 and hay -

not be reliable, as was discussed in the Panel's previous report. Inclu’
'ding the possibly questionable data on well ZCQ-4, the total estimated

pover comes Lo ébout 13.6 MW, or 3.4 MW/well.

.However, great caution must be used in “aterpreting.this total. ¥el's

ZCQ-3{‘ZCQHS ahd Z0Q-6 were each testec¢ separately, -ixd thus ady eri~cts
of interference are neglected. The consultants haﬁe'repcrtaﬁ that all -
the wells'aré in communication with each other, except for well 2ZCQ-06.

When all the wells are opened simultaneously as they must to feed the

power plant, the power potential will decrease. This preblem wiil be -

discussed in the next section.

Effect of Production Decline in Well ZCQ-3 on Its Estimated Powar

Potential

The Panel was told by Dr. S. Sanyal that there was no decline in power
during the long-term flcw test on well ZCQ-3. It was reported that the

following changes took place during the test

- Total flow rate : 120 to 80 t/h (33.3 to 22.2 kg/s)
-~ Steam mass fiaction : 30 to 407 (approx)
- Enthalpy : .310 to 360 cal/g (1297.0 to 1506.2 kj/kg)

- Wellhead pressure : 9.5 to 6.8 kg/cmz, abs (9.3 to 6.7 bar, abs)

Dr. Sanyal assumed a constant specific steam consumption of 7.7 (t/h)/

"MW or 2.14 (kg/s)/ MW arriving at his conclusion that the power potential

would remain constant at 4 MW.
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TABLE

S 3.7.1

REVISED ESTIMATE OF POWER POTENTIAL OF ZCQO-WELLS

==

" Turbine

All wells have separatbrs operating at 6.5 bar, abs.

2CQ-5 is an average of reported data

Steam Total Estimate o
CGuality Inlet- Mass Electric
WELL At Separ Pressure Flow Pover
No. ———————— bar, abs kg/s M
}
ZCQ-1 (Not productive | at - presente)
2CQ-2 (Propcsed injection well; best power est. = 5.7MW)
zCQ-3 < 0.396 6.0 22.2 4.37
2CQ-4 0.199 6.0 27.8 2.75
26Q-5 0.829 6.0 9.17 3.75
2CQ-6 0.396 6.0 13.89 2.73
TOTAL ___l;_ég__gy
NOTES :

- 2CQ-4 data is from earlier testing and may not be reliable.

Condenser operates at 41°C, 0.078 bar.
= 777Z.

Turbine insetropic efficiency

2CQ-2 not included in total.

closed.

- ZCQ-3, ZCQ-5, 2CQ-6 tested separately with other wells
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A more detailed thermodynamic analysis of this data reveals that the po-

-~

wer potential in fact declined by 10.5% during the1petiod of fthe,lohg— '

term test. Furthermore, if one takes into account the ~power potential

‘calculated during the earlier short-term test, the decline in power from

that time to the end of the long—tefm test is actually about 197.

These results follow from the analysis of the turbine which receives -

steam separated at 6.5 bar, abs and delivered as a satured vapor at 6.0

bar, abs. A turbine isentropic efficiency of 77Z is assumed and a con -

denser pressure of 0.078 bar is assuied. The specific output of the tur
bine is 496.9 kj/kg of steam. The power is found by multiplying this by

the steam mass flow rate which is the product of the quality and the to-

_tal mass flow rate. At the start of the long~term test, these values are

0.295 and 33.3 kg/s, respectively; at the end, they are 0.396 and 22.2
kg/s, respectively. Thus, the initial power is 4.88 MW and the final -
value is 4,37 MW. This is a loss of 10.5%. The stabilized conditions

during the short-term test were 0.356, 30.56 kg/é, and 5.41 MW.

Thus, the power potential of well ZCQ-3 fell from 5.41 MW to 4.37 MW
during the 5 month test period from 6 February 1989 to 13 July 1989.
This is a drop of 197 which may be partly attributed to the effect on

well ZCQ-3 of fhe flow tests on well ZCQ-5 ahd, perhaps, on well ZCQ-6.
Conciusion

Although the revised power pétential of wells ZCQ-3 through ZCQ—6'is -
13.6 MW compared with 8.6-11.2 MW reported in the Panel's previous report
it mdst be undestood that this total will decline when all four wells -

are flowing simultaneously.
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‘The data shown in table 3.7.1 for well ZCQ-4 are based on a test conduc—

ted during 1983-84 ‘when four wells were tested simultaneously. Finally,

it is unknow how much of a decline will occur with time, but the results
obtained during the 5 months of testing on well ZCQ-3 may give some idea

N fo_f- the size of thiseffect.

i Drilling Program

~In this section we will discuss several aspects of the drilling program

. proposed by MK-F and CyM as wéll as certain matters relating to the bid~

ding document for a. drilling contractor.

Deviated Wells

" The Panel agrees with the plan to drill future wells at Zunil -I as devia

-ted wells. This scheme is logical given the steeply dipping faults in -

the area which are assumed to be carrying geothermal fluid.

Targets

. The Panel concurs_that the drilling targets should be in the granodiorite

in the neighborhood of intersections of major open faults and fractures.

MKF and CYM have identified seven targets.

We agree that the targets (except for the deepening of wells 2CQ-5 and

. 2CQ-6) acceptable, based on the state of knowledge of the field. Conside

ring the anticipated capacity of the drilling rig, it seems that targets
should be held to depthé of about 1700-2000m. The Panel, however, feels
that a rig witha greater capacity (2500-3000 m) would allow for more

flekibility in this phase of drilling. Since the purpose of these wells
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is to find permeability in a formation where essentially no permeability

has been found before, it may be necessary to drill Lelow 2000 m to find

good prdduction.

Drill Pads.

One of the advantages of directional drilling is tha? 3cveral wells can
be locatedron‘a single ?;J. Tﬁis has not be utilizeﬁuib the MK-7 ard
CyM plan. .They-propose to @rill up ke five welis, eicn from a saparzte
pad. The Panel believes this is not necessary and thét-one pad aﬁ thg
proposed site 2AAcan Be used to drill three targets :.Tﬁe ones from pads.
1, 24, and MC. AThese targets can be reached from bad 2A withoué excecding

a’ desviation angle of 10° with a kick-off point at 700 m, as proposed by

' MK-F and CyM. Pad 2A is the one proposed by the consultants. It is re-

latively close tc the pfoposed plant site and could be equipped with a -
large capacity separator to handle the total flow from the three wells

if they are all good produccré.

This new plan would also result in a savings in the length of pipe that

would be needed to transmit the steam and hot water to the plant and in-

_jection well (s), respectively.

In a similar manner, proposed.pad 2B can be eliminated. The same target

- can be drilled using a new well sited on the same pad as well 2CQ-5.

The whole matter of where are the faults and what are their orientations
and strikes is still controversial. .The targets may have to be revised

in light of the drilling results.

In this regard it is worth noting that the Panel recommended in its First
Report (April 1986) that a microseismic survey of the Zunil I area would

be very useful in defining the fault system and fluid novement within -
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The fauit'system. The Panel wunderstood that such -a series of mea -

surements might not be easy to carry out, but we now feel the lack of

such infofmation that would aid in siting the ZD wells.

‘The whole matter of where are the faults and what are their orientations

and strikes is still controversial. The targets may have to be revised -

in light of drilling results. ' : -,

Selection and testing of Production ‘nnes

The pfoductive‘wélls in  the area of wells ZCQ43 through 2CQ-6 have
encbuntered hot fluids at or near the top of the granodiorite basement.
Ptesﬁmably, the new ZD wells will also find this production horizon at a :
t;ue depth of betweendDOOLIIOO m. Since these wells are programmed for
1700-2000 m, the quéétion a%ises as to. what to do about this "shallow"
productioﬁ horizén."'If the“weils afe cased éo 700 m, the kick-off star- .
ted at 700 m, and a build of 10° requires 150 m, then the shallow zone

will be found while driiling the deviated straight section.

In the event that unsatisfactory production is found at depth, the shallow

zone must be available for production.

In the event that satisfactory production is found at depth, it may be -
necessary to seal off the shallow zone. However, the Panel believes that

production from both the shallow and the deep zones may be acceptable.

Decision Tree for ZD Wells

MK~F and CYM presented a decision tree for ZD well development. The pri
mary well ZD-1 is directed at target Tl. If well ZD-1 is "poor" or "good"

then well ZD-2 will be aimed at target t2; if it 1s "moderate", then ZD-2
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will be aimed at target T3. Their decision tree went to the next level,
but the"Pénel béligves it is not ﬁecessary to decide this level at this

time,

-

Although no rationa1e<was.given in their report to support the décision'
tree, in their oral presentation they defined a "poor" well as one with .
less than Z MW power potential and a "good" well as one with more than

4 MW potential.

Since the ZD>wells dre aimed at a new region of the "reservoir", they -
must bg viewed, at least partly,'aé exploration wells. As such, the de
finitionAof a “good" well will involve more than simply its power pfodu&
tion. It is also important to learn which of the faults are opeﬁ and - .

acting as conduits for the parent reservoir fluid.

- The Panel does not believe that deépening and diverting wells 2CQ-5 and

ZCQ-6 is worth the risk ofrlosing the wells.

The Panel recommends that the decision tree be developed bases on the -

findings of the well ZD-1.

Drilling Bidding Document

The Panel urges INDE and its consultants to add an addendum to the

_bidding document stating clearly that the wells will be directionally

drilled. The Panel suggests that, if possible, the document call for a
rig with at least ?500 m capability as well and that it allow sufficient

flexibility to drill below 2000 m.



@O MK-ENVIRONMENTAL SERVICES

A DIVISION OF MK-FERGUSON

MORRISON-KNUDSEN PLAZA

PO. BOX 79/201SE. IDAHO U.S.A. 83707
PHONE: (208} 386-5000/TELEX: 368439
FAX: (208) 38&-6656:5669

October 17, 1989

University of Utah Research Institute (UURI)
391 Chipeta Way, Suite C
Salt Lake City, UT 84108-1295

Attention: Dr. Joseph N. Moore

Subject: ZUNIL I, GUATEMALA
AUGUST 1989 PANEL REPORT

Dear Sir:
P-lease find enclosed:

1) Zunil I, August '89 Panel Report
(Note that only the Frazer and Dipippo portions were written in Engl1sh
the other portions are translations).

2) .Translation of INDE letter of 4 October 1989

- We request that you review the work requirements stated in INDE's letter. Do
not start any of this work prior to further notice from Morrison-Knudsen.

At this time please provide your itemized estimate of man-days, or other
costs, for accomplishing the work requirements of INDE's letter as pert1nent
to your area of the work.

Sincerely,

Martin Anderson

MA/mlip
ENCLOSURE

3MP003/521
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Guatemala, October 4th 1989

This letter is to communicate our requirements previous to the approval of
the Reports: Geocientific Studies Report No. 1, Integrated Test (when the
final report is finished) and Production Wells ZD, according to the
Consultant Panel reccmmendations during the third meeting which took place
from 28/8/89 through 1/9/89.

It is important to mention that we are seriously concerned because UDG did
not have the opportunity to analyze and comment the mentioned reports.
This was due to the delay in the delivery of the reports, which was
requested several times by this Unit and specifically one working day
before the initiation of the Panel Meeting. It 1s necessary that, in the

. future, your company shows more seriousness regarding this matter to

prevent us from taking drastic decisions.

We will focus our requirements based in the comments and recommendations of
the Consultant Panel. These respond to the lack of profundity and omission
in some studies performed or must have been performed to obtain the
adequate information for the location of the new drilling sites. These
studies form part of the scope of work of the additional geocientific
studies in which we had agreed. For this reason the following must be

.included in the report previous to its final approval.

Qur requirements are the following:

NECTECTONICS

'To describe the basis which lead the consultant to conclude that the NE-SW

(Zunil Fault) and the orthogonal faults are productive. Considering that
during the meeting this was not proved, the Panel in their neotectonics

.comments considers that this is not very probable to occur due to the kind

f forces that they produce. Nevertheless later in the report in the

‘geochemical section, specifically in the meréury surveys, Dr. Goff gave

favorable comments.

HYDROGEOCHEMISTRY

1. Due to the lack of evidence in the existence of a 3250C temperature in
the reservoir, it is necessary to elaborate new chloride-enthalpy
graphs, both for K/Mg and K/Na geothermometers, and separatlng the
graphs for the various springs (Na-HCO3 and NaCl). It is necessary to
.use first the new set of data and then the old set, to make the

comparlson and to confirm the interpretations presented during the
meeting.

2. Using the samples that represent the low boiling point and lower .

" mixture (Mother Fluid) the reservoir temperature must be determined
using S180-S04 and the D’Amori and Panich geothermometer as an
independent test.

3. The recharge zones must be defined perfectly according to the
information obtained in hydrogeochemistry (isotopes), because the data
presented are mainly speculatlons as stated by the Panel in its report.
It is important to mention to you that this is an acquired agreement of
your company (point 1.2, Investigaticn Focus, Hydrochemlcal Study,

r.,‘,v...,\.«:,._n R e e L Darnbhar~a Tama v



4. Due to the lack of consistency in the tritium analyses; the procedure
recommended by the Panel must be followed, based in the short note made
by Pearson and Truesdell (1928). It is also necessary to clear the
conment of Dr. Goff in which he refers to the lack of surprise from
the Consultant in the fact the reservoir fluid in Zunil I (Mother

Fluid) must have more tritium than}the Na-HCO3 waters. :

HYDROLOGY

The presented model must confirm the real boundaries, structure ‘and
-permeability, etc., and to determine with the best precision possible the
recharge zones using the stable isotopes in cold waters in the
hydrogeochemical study.

GRAVIMETRY

To establish the quantitative sections in the inversion data of the
electric soundings. For each sounding that has reached the resistive
substrate a equivalence test to the conductive layer that lays over the
substrate should be performed.

Using this electric data completed with the lithologic and quantitative
information of the deep wells, to elaborate a series of profiles (with one
density, 2.2- for example) in the Zunil I field. To initiate with a four
layer model: superficial layer (volcanites), altered formations
representative layer (electrlc soundings conductive layer), ande51t1c layer
that represents the reservoir and the basement.

Since the geometry of the fleld.ls well known, try to (setting the
guantitative data) study the possibilities of density variaticn in the
inside of each layer and particularly, the basement. .

 With this set of sections locate prec1sely the main dlscont1nu1t1es (Mayor
Fractures Zones).

INTEGRATED TEST

The advance report of the integrated test presented during the Panel
Meeting contains in some part very elemental interpretations for a major
project. In other part, it presents a series of affirmations in which the
previous production data are not taken in consideration and data are

~ changed radically, without any explanation. These are important numbers,
like steam flow, productivity/injectivity indexes, making the general
lmpres510n that there is lack of work dedlcatlon in the perfornance and
1nterpretatlon of the data.

Therefore the Integrated Test flnal report must contain as a mlnlmum the
follow1ng'

1. The consultant affirmed in this occasion that the weir box method is
better than the orifice method in determining the flow, and affirmed
the contrary in the previous meeting. It is necessary that those

" questions be cleared thoroughly interpreting old and recent data. The
conclusion should be supported by firm and concrete reasonings and not
only by the fact that the prev1ous tests were not performed by your ~

e D e



2. The numeric simulation of the reservoir, that is supposed to be the
search, through the observation of the wells response, of the main
characteristics of the reservoir like the existence of boundaries and
deep feeding zones, eventual recharge evaluation, feeding faults
location, to better understand the superficial reservoir behavior.

3. Concerning the potential energy in the existent wells, care should be
taken in the estimated total power, through the independent well test
in 2CQ-3, -4 , -5 and -6, where the interference effect is omitted.

A detailed thermodynamic analysis performed by the Panel reveals that

the power declined 10.5% during the long term test; they took into
account the energy potential calculated during the recent short term
test and observed that the decline in power during this period of time
was 19%.

There is no doubt that the power potential of the wells will decline
when the four wells are flowing simultaneously, and the affirmation
made by Dr. Sanyal that this did not happened must be reconsidered.
The amount of decline in time must be estimated, using the results
obtained during the months of the recent ZCQ-3 test.

ZD WELLS DRILLING

For the drilling of the new wells the recommendation made by the Panel must
be considered, that the drilling objective must be to intercept the faults
separately forming a triangle in the intersection point. It is also
suggested that the location of the wells must not be located near
landslide zones.

Concerning the drilling platforms we think the suggestion of the

" Consultant Panel is correct in choosing the 2A platform presented by

yourselves, since that it could be used to drill the three proposed points,
1, 2R and MC, without exceeding a 10% deviation changing it direction to
700 meters. This is a site relatively near the possible plant location
which will decrease costs in steam and hot water conduction tubing
longitude to the plant and injection wells. The fact that it could be
equipped with a high capacity separator to manage the total fluid of the
three wells according to its production is also useful.

Because the ID wells are directed to a new region of the reservoir, they
must be reviewed at least partially as exploratory wells, because the
definition of a good well involves more than its production capacity.
After clearly defining the fault locetion and their orientation and
intersections, the drilling sites must be reviewed and decided about
providing supporting facts. It is important that in the final proposal of

_ the sites the platforms of the existent wells are taken in consideration as

eligible. :

After drilling ZD-1 and based in the results obtained from this well, the
other selected drilling sites must be reviewed and adjusted.

To select the prcductive zones it should be considered that the upper
production zone must be available in case of an unsatisfactory production
in the lower zone. The Panel thinks that any production (upper and lower)
will be acceptabdle. '




FIELD MODEL

As agreed on the third meeting, due to the lack of an adequate
1nterpretatlon of the long term tests, a official request of performing a
fleld model is made, that must be delivered no later than this December.

The objectives and limitations_of the model should be the following:

- To be structured containing the conceptual model of the geothermal

system characteristics (geometry, lithology, tectonlcs, hydrology,
thermalism).

- It should manage mono and bi-phasic flulds with gas inclusions {(at
least C02)

- To satl:facuorlly reproduce the interference tests with produc*lon and
reinjection.

- To reproduce the flow decreases that were observed from 1981 to 1985.

It should be mentioned that the'preqent model is not additional to the one
contemplated by the contract. Our intention is that it should be performed
prev1ously in the program using the 2CQ data and then to be calibrated with

the results of the ID wells, so it must not be understand as an independent
work.

Regards,
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4 ~-320. 14@. Q. SEQ. 980. 4@, @. 47 a.
5 730 2000, S560. 842, 700, 4000, Q. 47 .
6 SS@.  1000. con.  Sea. 700.  400@. @. 47 @.
7 -67@.  —470. -41@. -17@. 120@.  40Q00. @, 47 Q.
) 470,  -390. -418. @a. 11eeo.  4@0a. Q. 47 @.
3 ~z30. @.  -4€Q. 2. 103s. oo 2. 47 @.
1@ a. 375. -6Q@.  -370.  100Q. 4000, @. 47 a.
11 I7a.  11oa. 84w. cowd.  12Q@.  400Q. 2. 47 a.
1= 275, 730. S6Q. 84@. 1200.  4@0Q. @. 47 a.
13 14, 550. 200. SE@.  150@.  4000. @. 47 a.
14 14@. =00, @. Zo@. 1500.  400Q. @. 47 a.
15 -390. -23Q. -460. 2. 1S32.  400@. 2. 47 @.
16 a. gaw.  -370. @. Ze0R.  400Q@. @. 47 @.
17 375. E0@0.  -60@. . -370. SQoo.  40Q00. Q. 47 @.
18 Q. E0Q0. -ZQ0@. —-6B0. Z00Q. . 4Q0Q. Q. 47 @.
19 S 1iga.  2ooe. 56@.  2002.  1000.  400Q. @. 47 Q.
= 1eon.  Sooe. z00. S6@.  1Q0@.  4Q0Q. @. 47 @.
21 sga. zeee. -37e. o,  ieee.  4ooo. @. 47 a.
a2z —teo@.  -320. . o0, 2.  600. -@.z@ a.
23 ~1Z@. -350. l—:@@@. Q. a. 60@. -@. 2@ a.




Project name: ZUNIL
SURFACE VOLCANICS
Model: SURFACE VOLCANICS

Uriits in Meters

MAGNETIC PARAMETERS

Earth'"s field: Q. gammas.

Inclination = @. degrees Declination = d. degrees.

PRIGSM X1 Xz Y1 Y& D1 Dz pc SC
1 —3@Ra. -4@. -—-120d. 1zw@, Q. Saa. —@. 20 a.
z i@ 4@Q. -1@2. 122, @a. S, ;—@.E@ Q.
3 700 12@&. cQa. 8aa. 2. 520, 2,12 @.
4 S0@. 300,  -S@e@.  -1@@. 2. SQ@. 2. 1@ @.
S - 3@ S, 12, -84, - @. SQQ. —-@. 3@ @.




Project name: ZUNIL
- DEEP GRANITE STRUCTURE
Model: DEEP GRANITE STRUCTURE

Units in Meters

MAGNETIC PARAMETERS

Earth"'"s field: @. gammas.

Inclination = . degrees Declination = 2. degrees.

PRISHM X1 Xz Y1 Yz D1 Dz DC SC
i -30a. Zd. —1@a. 15@a. 8aa. 4009, @. 47 a.
= @ 723, —~1aQ. 152a. 1z0@. 4@Qoa. | Q.47 .
3 7Q@. 1za@. —10a. 1Se@. Saa. 4000 Q. 47 ' a.
4 ~30a. o, -—120a. -10e. 1@@aa, 4QQa. Q. 47 @.
S 2@ 7aa. —12@@. —-1@a. 141, 4201@. &. 47 a.
& 7. lzea.  -—-1s@a. -1, . 7aa. 4@a, @. 47 _ a.

7 -82a. -3aa. -—12@a. 150@. 3@, 4091, Q.47 @.
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Projgect name: ZUNIL

. ’ MODEL. 1
Model: MODEL 1 ITree Nod
Uriits in Meters

MAGNETIC PARAMETERS

Earth'"s field: . gammas.
IncLination = 2. degrees Declination = @. degrees.
PRISM X1 X&E Y1 Yi | D1 D& DC 5C
1 @a. 37@. 842, =qrdr. 1 78@. 4902, 2. 47 a.
& —-17a. 275, Sed. 84@. 85a. 4009, Q. 47 @a.
3 ~42@ ~320. a. aea. 250, 40w, a. 47 .
4 L 380 14@. a. 560, 98Q. 4200, Q.47 .
S 732, 202, S60. .84w. 70, 40012, @. 47 @.
& 557, loaa. Z00. S56a. 7. 40, U, 47 @.
7 lw67®. - =470, -41@. ~17@. 120@. 4@, B 47 a.
8 ~47Q. -390, —41@. . 113, 41012, .47 7.
9 -23a. a. -46d. a. 1235, 4B, 2. 47 a.
1@ 0.  375. -6oe.  -370. 100@, 4000, 2. 47 @.
11 370, 112, 84a. pe3vlralvm 12@@; 4. 2. 47 @.
12’ =275, 730. 6. 64@..' 1@, 400, G, 47 a.
13 14@, S5@. 2o, S6a. 152@. 4@@@7 @, 47 a.
14 14,  Zooo. @. gop.  150@.  4Q0Q. @. 47 .
15 -33%a. - ~239. ;46@. Q. 1552. 4. 2. 47 @,

1& 2. . 80, —57@. . é%@ih 4. . 47 &
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SUMMARY OF GEOPHYSICAL RESULTS

GRAVITY
® Interpreted structure supports geologic mapping and
indicates faulting in vicinity of recommended well
locations. |

RESISTIVITY

e Conductive region indicated at approximate depth of
SOm to top, interpreted to be caused by geothermal
fluids and/or hydrothermal alteration .
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ZUNIL ELECTRICAL RESISTIVITY STUDIES

ZUNIL GEOTHERMAL AREA, GUATEMALA
Review Comments
by

Howard P. Ross

June 1, 1989



ZUNIL ELECTR[CAL'RESISTIVITY STUDIES
Introduction

Electrical resistivity surveys completed earlier ‘have been
reviewed in support of the CyM/MKF Zunil 1 project. It appears
that two electrical resistivity surveys have been completed in
the Zunil [ area, both of which employed the Schlumberger array
to complete vertical electric soundings (VES). The first survey
was completed by Japanese scientists (JICA) in 1976-77 and the

¢

second survey by INDE in 1977.
JICA Survey

The JICA data were obtazined as a series of VES stations with
centers at intervals between 150 m and 250 m zlong Lines 1, 2, 3
and 4. All of these station centers are located north and east
of the area which includes‘wells zCQ-3, -4, -5, -6 and are
generally south and west of the town of Zunil (CyM/MKF, 1988).
Difficult terrain conditions precluded the extension of the VES
soundings to the southwest. The maximum depth probed by the JICA
soundings was limited by the AB/2 distance of 750 m. T;e data
were presented in map and block diagram form (CyM/MKF Figs. 3.3-

AgO, 3.3-21) but individual VES plots were not available for
?¢;eview. The locations of JICA and INDE VES station centers are

shown on Figure 1.
INDE Survey

The INDE survey (Palma A., 1877) included 17 soundings along
Lines 1, 2, 3, and 4 and approximately 18 additional soundings,
using AB separations of 1,000 m, 1,600 m, and 2,000 m. A notable
result of this work was the delineation of a low resistivity zone‘
at depths approaching 100 .m in the area of wells ZCQ-1 and 2CQ-Z2,
which extends to the. southwest. The INDE data are reported in

much more detail by Palma A.,(1877) who includes VES plots of



resistivity versus AB/2 as well as final interpretative results,.
INDE Resistivity Interpretation

Most of the INDE VES plots indicate good data and a
reasonably layered resistivity structure which is important to
the correct interpretation of the VES data. INDE completed both
qualitative and quantitative interpretations. The quantitative
interpretation of individual soundings appears to have been
completed using graphical and curve matching techpiques. The
interpretations éppear valid and no attempt:was méde to verify or
reinterpret these sounding plots. This could be done using the
UURI Schlumberger inversion computer program if the additional
effort was justified. Using the INDE resistivity-thickness
solutions, resistivity cross sections were plotted for Profiles
1, 2, 3, and 4. These sections are similar to those completed by

INDE (which were not readable in the copied document).

The resistivity cross sections are shown in Figures 2 and 3,
with-the positions of JICA stations incicafed for reference.
While these stations are in general agreement with the_i
resistivity-depth diagram from the JiCA data (CyM/MKF Fié 3.3-21)
some differences were noted. The INDE data with the larger AB/2
respond to a resistive layer not seen by JICA on Line 1. The
depth to the top of the conductive layer and it’s interpreted
resistivity often differ between the two surveys. On Line 1,
JICA resistivities of 6.5, 5.6, and 8-14 ohm-m contrast with INDE
values of 2.1, 1.5, and 3.75 ohm-m for VES 11, 10, and 9
respectively. On Linevz, JICA data show fesistivity values of 5-
6 ohm-m comparéd to 7.4 and.13.6 ohm;m interpreted by INDE. The
shorter distances between stations of the JICA data provide some
additional detail and therefore more indications of faufting.
Without the detailed resistivity vérsus depth plots of the JICA
soundings they cannot be evaluated.in detail. The JICA VES
results are used to supplement the interpretation of the INDE
data. |




Figure 4 summarizes the principal results of the [INDE and
JICA resistivity data. Discontinuities.betwen resistivity layers'
are interéreted as faults on Figures 2 and 3, and these have been
transfered to Figure 4. Unfortunately most of this information
is east of the portions of the reservoir tested by 2CQ-3, -4, -5,
and -6, due to the steep tdpography in the area which has been
drilled. Projection of the interpreted faults to the northwest
is of current explération interest however. Since the position
of the discontinuity can only be estimated betweeq adjacent VES
centers, the trend and continuity of the'stnuctureé must be

inferred from geologic and topographic information.

Several scundings indicate very low resistivities (1-6 ohm-
m) in the conductive layer. These include VES 11, 10, and 9 on
Line 1; the area between VES 6 and 4 on Line 2; west of VES 12 on
Line 3, from JICA stations 21 and 31; and JICA statioﬁ 81 on the
west end of Line 4. These areas are important because the low
resistivities may indicate hot, relatively;undiluted reservoir
fluids circulating near faults, and/or increased clay alteration
resulting from geothermal fluids. These areas are éhowq_on

Figure 4.
Summary

'Experience in geothermal areas throughout the world
indicates that electrical resistivity surveys will not deliﬁeate
all faults and fractures which may be of intérest. The detection
of these structﬁres requifes a significant physical property
contrast, perhaps in the form of a vertical offset along a fault.
The survey type and resolu%}on are also important factors.
Discontinuities which are‘interpreted as faults are ofteﬁ major
structufes important as structural controls to the geothermal
system, or as fluid condu;ts. Discontinuities interpreted as
faults are often several structures which cannot be resolved by

the observed data.



This review has not yielded new data or interpretative
results, but does provide familiarity with and confidence in the
"JICA and INDE work completed several years ago. The resistivity
data suggest that the least-diluted thermal fluids are
transmitted along structures near the wéstern limit of the survey
area, near the ZCQ wells. The locations of faults inferred from
the data should be integrated with other information to improve

the understanding of faulting and permeability in the area.

It is possible that additional electrical re;istivity work
would aid in better delineation of fractures in the area of the
2CQ wells. Two or ﬁhree dipole-dipole lines which trend roughly
northeast parallel to Line-1, using an electrode separation of
200 m, would map resistivity structure to depths of 400-500 m and
would probably detect major fault offsets and zones of upwelling
thermal fluids. The dipole-dipole array would be compatible with
the terrain northeast of Z2CQ-6 and most topographic effects could .
be accounted for in the numerical model interpretation of the

data.
References

CyM/MKF, 1988, Summary of Zunil exploration data and results
(title unknown), CyM/MKF Tech. rept. to INDE.

Palma Ayala, J. C., 1977, Proyecto Zunil estudio de

factibilidad preliminar - informe geoelectrico, Septiembre, 39 p.
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ZUNIL ELECTRICAL RESISTIVITY STUDIES
Introduction

Electrical resistivity surveys completed earlier have been
reviewed in support of the CyM/MKF Zunil | project. It appears
that two electrical resistivity surveys have been completed in
the Zunil | area, both of which employed the Schlumberger array
to complete verfical electric soundings (VES). The first survey
was completed by Japanese scientists (JICA) in 1876-77 and the
second survey by INDE in 1977. '

JICA Survey

The JICA data were obtained as a series of VES stations with
centers at interJals between 150 m and 250 m along Lines 1, 2, 3
and 4. All of these station centers are located north and east
of the area which includes wells ZCQ-3, -4, -5, -6 and are
generally south and west of the town of Zunil (CyM/MKF, 1588).
Difficult terrain conditions precluded the extension of the VES
soundings to the southwest. The maximum depth probed by the JICA
soundings was limited by the AB/2 distance of 750 m. The data
were presented in map and block diagram form (CyM/MKF Figs. 3.3-
20, 3.3-21) but individual VES plots were not available for

review. The locations of JICA and INDE VES station centers are

shown on Figure 1.
INDE Survey

The INDE survey (Palma A., 1977) included 17 soundings along
Lines 1, 2, 3, and 4 and approximately 18 additional soundings,
using AB separations of 1,000 m, 1,600 m, and 2,000 m. A notable
regsult of this work was the delineation of a low resistivity zone
at depths approaching 100 m in the area of wells ZCQ-1 and ZCQ-2Z,
which extends to the southwest. The INDE data a}e reported in

much more detail by Palma A.,(1977) who includes VES plots of
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resistivity versus AB/2 as well as final interpretative results.
INDE Resistivity Interpretation

Most of the INDE VES plots indicate good data and a
reasonably layered resistivity structure which is important to
the correct interpretation of the VES data. INDE completed both
qualitative and quantitative interpretations. Thé quantilative
interpretation of individual soundings appears to have been
completed using graphical and curve matching techniques. The
interpretations appear valid and no attempt was made to verify or
reinterpret these sounding plots. This could be done using the
UURI Schlumberger inversion computer program if the additional
effort was justified. Using the INDE resistivity-thickness
solutions, resistivity cross sections were plotted for Profiles
i1, 2, 3, and 4. These sections are similar to those completed by

INDE (which were not readable in the copied document).

The resistivity cross sections are shown in Figures 2 and 3,
with the positions of JICA stations incicated for reference.
While these stations are in general agreement with the
resistivity-depth diagram from the JICA data (CyM/MKF Fig 3.3-21)
some differences were noted. The iNDE data with the larger AB/2
respond to a resistive layer not seen by JICA on Line 1. The
depth to the top of the conductive layer and it's interpreted
resistivity often differ between the two surveys. On Line 1,
JICA resistivities of 6.5, 5.6, and 8-14 ohm-m contrast with [INDE
values of 2.1, 1.5, and 3.75 ohm-m for VES 11, 10, and 9
respectively. On Line 2, JICA data show resistivity values of 5-
6 ohm-m compared to 7.4 and 13.6 ohm;m interpreted by INDE. The
shorter distances between stations of the JICA data provide some
additional detail and therefore more indications of faulting.
Without the detailed resistivity versus depth plots of the JICA
soundings they cannot be evaluated in detail. The JICA VES
results are used to supplément the interpretation of the I[INDE

data.



Figure 4 summarizes the principal results of the INDE and
JICA resistivity data. Discontinuities betwen resistivity layers
are interpreted as faults on Figures 2 and 3, and these have been
transfered to Figure 4. Unfortunately most of this information
is east of the portions of the reservoir tested by ZCQ-3, -4, -5,
and -6, due to the steep topography in the area which has been
drilled. Projection of the interpreted faults to the northwest
is of current exploration interest however.. Since the position
of the discontinuity ¢an only be estimated between adjacent VES
centers, the trend and continuity of the structures must be

inferred from geologic and topographic information.

Several soundings indicate very low resistivities (1-6 ohm-
m) in the conductive layer. These include VES 11, 10, and 9 on
Line 1; the area between VES 6 and 4 on Line 2; west of VES 12 on
Line 3, from JICA stations 21 and 31; and JICA station 81 on the
west end of Line 4. These areas are important because the loy
resgsistivities may indicate hot, relatively undiluted reservoir
fluids circulating near faults, and/or increased clay alteration
resulting from geothermal fluids. These areas are shown on

Figure 4.
Summary

Experience in geothermal areas throughout the world
indicates that electrical resistivity surveys will not delineate
all faults and fractures which may be of interest. The detection
of these structﬁres requires a significant physical property
contrast, perhaps in the form of a vertical offset along a fault,
The survey type and resolution are also important factors.
Discontinuities which are interpreted as faults are often major
structures important as structural controls to the geothermal
system, or as fluid conduits. Discontinuities interpreted as
faults are often several structures which cannot be resolved by

the observed data.



This review -has not yielded new data- or interpretative
results, but does provide familiarity with and confidence in the
JICA and INDE work completed several years ago. The resistivity
data suggest that the least-diluted thermal fluids are
transmitted along structures near the western limit of the survey
area, near the ZCQ wells. The locations of faults inferred from
the data should be integrated with other information to improve

the understanding of faulting and permeability in the area.

It is possible that additional electrical resistivity work
would aid in better delineation of fractures in the area of the
ZCQ wells. Two or three dipole-dipole lines which trend foughly
northeast parallel to Line 1, using an electrode separation of
200 m, would map resistigity structure to depths of 400-500 m and
would probably detect major fault offsets and zones of upwelling
thermal fluids. The dipole-dipole array would be compatible with
the terrain northeast of ZCQ-6 and most topographic effects could
be accounted for in the numerical model interpretationiof the

data.
References
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10-87/GUR/UTAH/ 561

MEY 9, 1989 (this is a new copy of msg, original wasg canceled by WUC)

i
5

g

\1.')

0 : JOFE MOORE  UURI/UTAH

2]

FEOM LUIS MERIDE CYM/GU

CC. t ROY MINK  MKF/BSE

YESTERDAY I HAD A MEETING WITH ING, PALMA AT INCE AND I RECEIVED A LETTER
FEOM INDE REQUIRING A MORE COMELETE EXPLAN;TION OF THE PURPOSE CF THE
STUDIES INCLUDED IN THE NEGTECTONIC AND HYDRO PROPGSALS. TALKING TO IRG.
PALMA HE MAKE ME A LONG EXPLANATION THAT YCU MAY SUSPECT CCMES FROM
MERINELI ACTITUD WHEN WE MET HIM., THiS IS ALSO IMPLIED IN HIS REPCRT.
ALTHOUGE THERE AKE SOME THCUGHTS ON THE EXECUTIVE SUMMARY AND INTRODUCTICH
THAPTEKRS OF THE KEOTECTONIC AND HIDRC STUDRIES FPOPCSALS, I WILL APPRECIATE
rrCM YOU IF YOU SERD ME A MEMO EXPLAINING WHAT ARE THE MAIN PURPOSES OF THE
POLLOWING STUDIES FOR THE 'UFATIO OF THE HEW DEVELOPMENT WELLS

1. X-RRY STUDIES

2. FLUID INCLUSIONS

3. ISCTOPES FOR WATERS AMND CORES. (FRAZER GOFF'S REQUIREMENT?)

4, GECCHEMICAL INVESTIGATION

5. STEBLE ISCOTOPES

6. MERCURY SURVEY

SORRY BOTHERING YOU W THIS THINGS BUT I NEED TO.

GOCD NEWS FROM Z-20; MINUTES QC“ I HRVE A CARLL FROM OCTAVIO TELLING ME THAT
HE COLLECTED THE SAMPLES FRCM 2-20 PLUS A TWIN SPRING CLOSE BY. HE ‘
MEASURED 8.5PH AKD 940l ON A 0 4 LPS; THE TWIW SPRING TS 4.5 PH, H8cC AND
LOTS OF MORE WATER 1.25 LPS. I WILL BE SEWDING YOU DETAILS ANC THE SAMPLES;
PLUIS Z--17 AND THE GRANCDIOQRITE SAHPLES.

ENJCOY THE WEEEKEND,

RIgIS!
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ROYECTOZUN LL:I:

Guatemala, May 27, 1989.

Dr. Joseph Moore

UURI

Earth Science Laboratory

391 Chipeta Way, Suite C

Salt Lake City, Utah 84108-1295

Dear Joe:

Thank vyou very much for vyour Jletter and the copy of the report by
Howard. It is a very good new to learn that through the gravity data, major
structures of higher permeability could be inferred from. Besides, I am
glad to confirm certain thoughts that we have already discussed. Some few
problems should be solved before we praceed.

1. I can not send Howard’s report to Palma because he does not know
Ulrich’s report. The way we are proceeding is 1ike in an internal review.
Enclosed please find a copy of the corrected paper we have here that I hope
is the same you have at UURI. So, the way we should proceed is to ignore
officially Ulrich’s report, produce the right one and start the work with
the new gravity survey. There is also a resistivity report due.

2. I think i1s an excellent idea to bring Howard to Guatemala. I 1tried

to collect the plans we have here about gravity and send them to you. I

came out discouraged. As vyou suggest, there might be things not

neccesarily shown at the plans. Alberl pupmt

GG, France

3. From Howard’s information about Duprat’s {the french geophye1c1st

member of the panel) attitude at the meeting 1in Panama, it might be

worthwhile for you to consider Mike's involment in the project, especially

when we ought to present the study here for our Panel Meeting. It might

come out to be a highly political meeting.

4. I am sending you also a copy of the set of nine plans that I have
talked to you about, that cover the 200 Km2 , at 1:10,000 scale. Also a
photocopy of a plan made out of reductions to 1:25000 scale that can be
presented in one format only (instead of nine). I like the quality of the
map (not obvious in the photocopy) that comes from recent air photos, and
INDE wants us to present all eof our results at that scale. My
problem 1is that here in Guatemala we can reduce by photographic process
each one of the plans, but the process of putting the mine together there
is no choice but manual, so there might be errors shown at the final
product. I wonder if you could do that for me in the U.S. to send you my
originals 1in transparent plastic paper.tet. me know 1if you can. 1’11
appreciate your help on that and of course those are my exposure
expenses.
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