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PREFACE

In response to a request of the Governmient of the Republic of Chile the Japanese Govern-
rment decided to conduct a survey on the Puchuldiza Geothermal Development Project and
eatrusted the Japan International Cooperation Agency with the Sunvey. The LL.C.A. senl to
Chife a suryvey team headed by Mr. Yasunori Sakai for 56 days from October 24, 1979 and for
68 days from Cctober 12, 1980,

The team exchanged views with the officials concemed of the Government of Chile and
conducted a field survey in Puchuldiza area. After the team refurned to Japan, fusiher studies
were made and the present repori has been prepared.

1 hope that this reﬁon will serve Fos the development of the Project and contribute to the
promotion of friendly relations between our [wo counlries.

I wish (0 express my dezp appreciation to the officials concerned of the Government of

Chile for their close cooperation extended to the team.

March, 1981

/’Zéx/ré /’/a//&i

Keisuke Arita
President
Japan International Cooperation Ageney



LETTER OF TRANSMITTAL

Mr. Keisuke Arita
President
Japan International Cooperation Agency

Dear Sir:

Submitted herewith is a report on the Puchuldiza Geotheimal Development Projeclé,
Repubtic of Chile.

This survey was a continuation of the previous survey made in 1978 and 1979. The sur-
vey was conducted at Puchuldiza area for 56 days fsrom October 24 to December 18, 1979 and
for 68 days from October 12 to December 13, 1980 with the kind cooperation of Corporacion
de Formento de 1a Produccion {CORFO) of the Republic of Chile.

The objeclives of the survey were to analyze and delineate the possible extent of the geo-
thermal resevoir by conducting resistivily suesvey and to evaluate the characteristics of the
geothesmal reseivoir from the results of physical bogging and well tests.

The susvey team, after relusming lo Japan, collated the various survey data and analyzed
the information in conjunclion with previous surveys done by “Comite Geolermico, CORFO™
and JICA sunvey of Puchuldiza. .

The result of the study indicated that Well No. 6 is promissing because of good temper-
ature gradient recorded regardless of the fact that flushing was nol good enough at this
moment at the depth of 1,157 m. With deeper drilling the well has a good chance of being
g004d. _

Further study of well {ests and swabbing are highly recommended in order to conlirm the
resesvoir charactenistics. It is also recommended to drili additional exploratory wells al the
north of Well No. 6 to know the extent of the high potential geothermal reservoir.

In closing, | would like to express my heatfelt appseciation for the tremendous coopera-
tion given by CORFO, Primeso Region and other authorities and officials of the Japanese
Embassy in Chile, the Ministry of Foreign Affairs, and Ministry of Intemational Trade and
Indusioy.

Sincerest best wishes and highest esteem, I remain

January 1981
Respectiully yours,

. Sk

Yasunori Sakai, Leader
Japanese Survey Team for
Puchuldiza Geothermal
Development Project
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CONCLUSION AND RECOMMENDATIONS

In order to evaluate the potential of the Puchuldiza geothermal field, the following steps

were undertaken:

At the first stage geological, geochemical and geophysical explorations weie cartied out to

select the drill site of Well No. 6 in 1978, Additional three resistivify survey lines of a total of
15 line-Km and the re-interpretation of 5 wels were conducted in 1979, And in 1980 evalua-
tion of the exploratory drilling data of Well No. 6 up to 1,157 m depth was made.

The conciusion arrived at after an overall study that included well analysis as follows:
The result of continuous surveys for three yearsin the area indicated that the northern
pasl of Well No. 6 is promissing for geothesmal power generation because of over 200°C
bottom temperature recorded with good temperature gradient at the deeper past of the
well regardless of the fact that flushing was not good enough al this moment due tolack
of permeable zone at the depth of 1,157 m.

However, the area of south and southeastern past of Mt. Tahipicolle, where were ex-

plored by CORFO prior to HCA Susvey Mission would not be expecled to be high

tempeirature enough for the commercial power generation.

‘The reasons {or the conclusion are:

(1} Geological and gravily surveys brought that the area subjected to compiicated block
movement formed subsided basin structure to make a favorable condition for geo-
thermal reservoir around Mt. Tahipicollo and its weslern vicinity.

{2) The geology of the bottom hole of Well No. 6, the deepest well among six wells
consists of Utayane or Churicollo Formation, which is favorable formation fos the
geothermal reservois. This formation would be expected to continue further depth.

(3} The aquifer temperatore infered from the chemical compositions of hot water taken
from the geysers and wells suggests (o be over 200°C. And investigation of altered
minerals using drill cores detecied epidote al over 1,000 m depth of the well. It akso
suggests to be over 200°C in the depth around Well No, 6.

{(4) The maximum tempeirature of Well No. 1 to No. 4 located around M. Takipicollo
appeared at shallower depth and decreased it with depth. Resistivity sectlions in
this area also showed thal low resistivily anomaly zone did nol continue {o the
depth. From these facts, the area mentioned above would nof be expected to be
high temperature reseivoir.

The result of resistivily suivey with total 30 km in length delineated the area for further

exploration,

(1) ‘Fhelow resistivity zone of less than 10 £2-m was found in the basin struciure (noted
also by gravity sunrvey of 1978), and was confirmed to spread in NW-SE direction.
The anomaly zone shows an oval shape with 8 km major diameter a2nd 4 ki minor
diameter length.

(2) Especially, in lines D and E of the resistivity sunvey, the low anomaly of less than
§ ©2-m spreads at northern part of the lines. Accordingly, the location of high poten-



S.

tial geothermal fluid concentration is infesved to be beneath the lower portion of
Well No. 6 toward the north,

Well No. 6 was drilled up to 1,157 m depth which was the maximum capacity of the drill-

ing 1ig used. The bottom temperature of the well was 201°C indicating the highest tem-

peralure among six wells drilled. Furthermore, well temperalure with a gradient of
0.9°C{10 m toward depths was noted and this figure is different fiom the data of the
other five wells. In order to reach the higher temperalure zone, deeper drilling is there-
fore suggesied.

Buring the dritting work, no mud circulation loss was observed. However, fractures were

crealed at about 830 m depth by stimulation test. Injection index of fissure produced

was quite good al 4 m3/hjkgfcm2. Around 40 t/h of steam and wales mixture gushed
out from the well, although the Mow did not Iast long enough because the formation was
not permeable enough as praven later by air Hift test.

Inview of the above-mentioned resulfs, we recommend the followings:

{1) We were able to gather many valuable data in conducting well drilling, hrowever, due
to insufficient flushing from the well and also due (o tack of drilling rig capacity,
detailed infosmalion on the resesvoir characteristics could not be obtained. Accord-
ingly it is recommended to conduct further temperature logging and stimulation fest
in order (o reopen the cracks by repeating the pressure test using bigger pump.

(2) To confirm higher temperature at depth it is considered to continue further explora-
tory well in the northern asea of Well No. 6, because the temperature gradient of the
wellis still increasing. Especially, all data gathered such as geological, geochemical
and geophysik-al informations indicate favorable condition for high lemperature geo-
thermal seservoir. Proposed site for the exploratory well is as follows:

Near 859N, S01E

{3) In addition to the exploratory well, additional elecirical survey with at least three
6 km (ABJ2 = 2,000 m) lines of E-W trend at southern stope of Mi. Natividad is
recommended.

(4) lalian Etectro Consul also recommended to continue further exploration endorsing
the JICA’s first phase investigation. It is very important to confirm the potential
extent of geolhermal reservoir in the area.

(5) Inmost geothermal field of the world, the depth of the well for geothesmal genera-
tion is more than 2,000 m deep. Accordingly, it is important to prepare a bigger
capacily drilling rig for this purpose,

{6) Inconducting well dritting, the seepage of walers al shatlow depth should be con-

trolled and sealed ofl. In otder to do this propesly, enough length of production
casing must be programmed.
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CHAPTER | INTRODUCTION



PART -1

Chapter 1. Introduction

1-1  Objeclives of the Survey

The Governmenl of Japan in response to the réequest of the Goveinment of the Répub-
lic of Chile has conducted the defailed survey by means of the electrical, geological and geo-
chemical survey and geophysical logging of the exploratory well No, 6 in the Puchuldiza geo-
thermal field, northein Chile, This field had been surveyed by CORFO of the republic of Chile
in the first phase, and after that the Government of Japan in response to the request of Chile
has assigned the survey {eam 1978, which has been reported, 1979 and 1980, in order to ienfy
the geothermal teseivoir for the dev elopment.

‘The Republic of Chile being a simitar volcanic ¢ountry to Fapan docating in the Circum
Pacific Fire Belt, there is a high pelentialily of geolherma) development in many lield.

CORFO has organized “"Comile para ¢l Aprov echamienio de Ja Energia Geotermica™ in
1968, which has selected E} Tatio and Puchuldiza geothermal ficld as the promising area,

In Ei Tatio area, geothermal explorations have béen carried oul from 1968 to 1974
under the economical and techmcal hielp of U\'DP and has succfeded in geothermal develop-
ment. ' ’

In Puchuldiza area, Comite Geotermio has conducted their own explorations to arrive
at the conclusion that the possibilily of dev e:lopment is high. Flg. 1—-1--1 shows the location
of Puchuldiza arca.

Due to the world wide energy resources problems and the industrialization policy of
the Government of Chile, the geothermal electrical power development in Pimero Region is
considered to require top prionty for development.

Regarding the geothermal power gencration project, the government of the Republic
of Chile has requestéd the Government of Fapan for the technical assistance, 1978.

Whereas, the Government of Yapan in response {o the request of Chile has assigned the
project to JICA (Japan Intemational Corporation Agency) to be carried oul.
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FTINERARY OF 11 PHASE JAPANESE SURVEY TEAM

No Date Day Schedule
£ j1979. 0. M Tokyo Lv. -» Los Angels Ar.
2 25 Los Angzls Ly,
3 26 Santizgo Ar,
4 21 A courtesy call on the Japanese Embassy, CORFO el¢.
5 28 | Sun. Asrange for the suney
6 29 Customs procedure
7 30 Santizgo + Iquique
8 31 A coutiesy call on the relative Macilities in TARAPACA
9 Nov. 1 Iquique -» Chusmiza (3,500 m elevation)
10 2 Chusmiza -» Puchuldiza
il 3
12 4 | Sun. Beginning of the survey
13 5 ”
14 6 e
15 7 "
16 8 "
17 9 ”
18 111 ”
19 11 | Sun. "
20 12 »
21 13 *
22 14 »
23 15 »
24 16 .
5 17 b
26 18 | Sun. Teazmn Leades Tokyo Lv. » New Yoik Ar.
21 19 New York Lv.
23 20 Sanlizgo Ar.
29 24 A courlesy cati on the Japanese Embassy, CORFO
30 22
31 23 Aagange for the sunvey
32 24 Santiago - Iquigue -» Chusmiza
313 25 | Sun. Survey
34 25 ” Chusmiza » Puchuldiza
35 21 "
36 28 b
37 s b
K 30 »
39 Bee. 1 ”
40 2 | Sun.
41 3 Finish the sunvey
42 4 Puchuldiza = lquique
43 5 Armange the survey dala
44 6 Pack and transporl the equi.
435 7 »
46 8 | Sun.
47 9 Iquique -* Santiago
43 10 Calculate the data
49 il ‘rile up the interim repot
50 12 »
5t 13 Report the intesim report and Export the equi.
52 14 Santiago Lv.—» Miami
53 15 San Francisco Ar.
54 16 | Sun. Szn Francisco Ly,
55 17 Tokyo Ar,







CHAPTER 2
STUDY ON WELL NO.{ TO NO.5






" Chapter 2. Study on Well No. 1 to No. §

21" Outline of the Exploratosy Wells Drilled by CORFO

_ Prior to the field survey conducted by JICA Mission in 1978, five (5) explosatory wells
with tof1al 3,774 m in length were already drilled by CORFO at the sites surrounding Mt.
Tahipicollo hill in the Puchuldiza geothermal field. ‘

The thermat logg,mg and flush tesl of these “el}s wWere repeatedly camed out and their
resulls were reported '

As shmm Fig.1-2-1, the maximum lemperalure among five wells is recorded to be
166. 2°C at '280 m deplh of Well No. 2, and the other wells show the maximum température of
130%C - !40°C which are thought to be comparatively low temperature as geothermal well.
Ecpec;ally, the lemperalure grad:ent curve shows that the maximum temperature zone in the
well i is not always at the boﬂom holé, but sha]low patt, that is, temperature gradient proﬁle of
Ihe wells shows reverse curve near the bottom of the wells. :

The psoduchén zones of each well are sited 10 be shallow parl of the wells as ¢onfirm:
éd by remjectlon tests and lhm geologlc fosmations are thought to be lower |han Cond‘onn '
formation. ' : ;

The ﬂush tests of the wells wére carried oul often and geochem:cal inv eshgahon of the
efifuent water from the wells was also reporied.

Well No. l was nol fush ouf in the trial of Mush fest due to low temperature of the
well, a]though waltér level near the well is higher than that of the wellhead,

Well No.2to \0 4 were successfully able to flush out conductmg shmulahon test:
by compressed air, ' '

“Well No. 5, however, was nol flow out by sending high pressure air and also air lift -
due lo ‘the deeper water level than those of the others. Swabbing method, therel'ore, was
recom mended and was successlully urged fushing of the well,

' Bemg lo“ {emperature of geoihem‘:al resefvoir near Mt. Tahipicollo area, the effluént
steam was Tow enthalpy Quanmy of the fluid gushéd out ftom the wells was visually mea -
sured fo be 20 to 30 fois pet hour and the ratio of steam and water was I : 10.

) The ﬂushmg of the wells, ho“e\er, was not last fong enough after a month continuous
ﬂushmg becau*-e ofscahng in lhe casing pipes of the wells. The natural cease of flushing,
ao:ordmg to CORFO’s e:-cplanahon was often happened during the tests in the past, and re-
clea.mng of the wells usmg dn]lmg fig cauced the next Rush,

' 2 2 Analycls of the Exploralory Wells
As stated before, five (5) exploratony wells were sunk in the area, These holes dis
tributed around 1.2 km? are located in the north of Puchuldiza manifestation surrounding M.
Tahtpn:ollo All of \\ells are s;(ed on andes:le of Puchuldua {formation and drifled through
fow er formations. -
Thé five localmns for the drilting were selected in the low resistivify anomaly zone,
which indicate 3 — § S2-m in the ABJ2 = 500 map. These drilling sites are also topographically



situated at lower elevation considering the mobilization of rig and water supply. Asstated in
the fizst survey mission’s report, the most active geothermal manifestations distributed on the
susface have oocurred at the intersection of different faults of N-5, NW-SE and NE-SY tiend
system. _ o : o

The sites selecled for the drifling are located near the ftécmred zone and are covered
with thin andesite Java which no longer plays a role of cap rock of geolhermal reservoir.
Fracture zone near the surface would be not only good conduits of geothermal fluid ftom the
depth, but also pass way down of cold water from the susface. Therefore, if the produ.ctlon
zone occurs at shallow part of the well, mixture of high temperature fluid fgorh the depth and
‘cold water from the surface would be provided into the well. Mo_redver, the installation of
production casing pipes is not deep enough in the well, seeping water at shallow depth would
be acceralated. it causes the drop of reservoir temperature and pressure. | '

On the study of thermal logging charls conducted by CORFO the thetmal gradlent
curves show that the maximum temperature of Well No. 2 to No. 4 comes out at the shallow
'paJt of the wells, and Well No. 5 of which is revealed at the bottom ho!e In the arrangement
of well lécation, the wells sited at the southeastern parl sunoundmg Mt I‘ahlplco!lo Jike Well
No. 2 to No. 4 indicate that the maximum temperatuge in the wells is revealed at the upper
pari of the well and temperature decreases with depth. On the other hand, Well No. § which
located at the nosthwestern part of the well arrangement shows thal temperature increases
with dépth. ‘

On study of the res:slmly seclion maps reporled by the First JICA M;ss:on in 19'18
the low resislivily anomaly less than 5 §I-m in the south-¢astern sloop ofMt Tahipicollo,
where Well No. 2 to No. 4 located was found near the susface and was not continued to the
depths. In contrast, the low resistivily zone near Well No, § sited at the northwestem part of
Mt. Tahipicollo continued to the depth. There might be some arguments to discuss with the
relation between temperatuse gradient curve and values of resistivity ﬁtofu!e map in oides to'
estimate the geolhermal potential in the depth. In fact, thete is good cbincidence liem ‘een
them in the survey area. Accordingly, to conduct more detailed resistivity survey in the area
would supgest us valuable information for the further exploration “ork

To indicate the maximum temperature at shallow partin the wells and to sho“
reverse curve of temperaiure gradient at the depth sug.ge.sls that geotherm_al fluid around Mt.
Tahipicollo would be Nowing from west or northwest direction thrdugh the permeable foﬁna—
tion and also be mixing with infiltrated cold water from the surface near Puchuld.za mer-

On the cause of decline and natural cease of fushing from the production \\ell many
reasons would be considered such as, excessive production from the limited area, mutual inter-
ference belween wells, cave in or blocking of production casing, chohng of ﬁs.sums 0; cracks
in the productive formation and temperature pressure drop of geothermal reservoir ele.

In this case as slated above, the natural cease of flushing in each well happened in lhe
past is reportedly to be cavsed by the chemical precipitation of carbonale matesials m-.luded
in the fluid. Puring the flushing, it would be considered from the fact stated above Ihal the
mixture of high temperature fluid from the depth and the infilfzated cold water from the
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shallow depth were provided into the well, Besides, the vaporization of geothermal fluid
caused prompt temperature drop (o be a favorable condition for the chemical deposition inside
the production pipes.






CHAPTER 3 ELECTRICAL SURVEY






Chapter 3, Electrical Survey

3—-1 Details and Purpose of Survey

. In Puchuldiza area, Risk (1970) and Hostein (l97l) ¢t al. have roughly conducted the
geoclectrical studies and confired wide zone of low resistivity corresponding with geothermal
fluid. .

This low resistivity anomaly less than 10 §2-m has about 3 km width in E-W direction
with Tahipicollo s its center and more than 4 km length in N-S direction opened towards north
and has been considered as thick stratum with abundunt hot geothesmal fluid, the exploratory
‘ Weli No. 1 to No. § have been dug in this area. |
' The results of those wells, however, showed the comparativ ely shallow geothermal -
fiuid which has turned out to be not good enough for geothermal power generation and the
seed of conducting survey for more promissing atea has been feit.

In 1978 Japan International Cooperation Agency (JICA) conducted the prciumnary
survey such as geological, geochemical, gravity, magnelic and electric survey to study the
geological structure of this area. '

In addition to horizontal eleclric survey which has been formariy carried out, verlical
electrical sounding was adopted, which measures the change of apparent resistivily with the
continuous change of electrode spacing, and geo-elecirical structure was interpreted in the area
from Tahipicollo to Tuja with the coneepl of geothermal seservoir and low resistivity.

As a results of general inlesprelation several poinfs are selecled as the diilling sites
‘where there is thick andesite overburden of high resistivity which forms the caprock and where
. tow resistivity zone are seen in the depths with the assumption of geological structural zone.

The site of Well No. 6 was sclected by those explorations. Buf in the first-phase survey
in 1978 only 2 E'W lines of each 6 km length were surveyed, il is recommended that in parallel
with the drilling work of No. 6 another two N-S Jines of each 6 km should be conducted in
ordei to know the stale of geothermal reservoir in detail, _

In the electrical survey conducted in Oct. — Dec., 1979, three lines, line-D almost
same as S01E passing the site of Well No. 6, line-E along Q. Chiguanang and 502.5E each
- 6 km and line-F along 855N of 3 km Iength were sunveyed lo confirm the N-S extension of
- Jow resisiivily zone.

3--2 Method of Suwey
In ordes to compile the past data and make the plan map of distribution of low gesisti-
- ¥ity the same method was adopted with the 2nd phase.
Method: Vertical Electric Sounding by Schlumberger Configuration
Elecirode Spacing: Current Electrode ABf2: 10— 1,500 m
Potential Electrode MNJ2:2 - 100 m
Curenl Supply: 0.1 Hz Constant curtent squase wave
: 01 --20A . _
A curtent supplied was read from out put A-meter of transmitter and



the shape of the current was monitored by a pen recorder,
Voltage Difference: Recorded on a penrecorder after the compensation of self potential
and chose the fow SIN record. : S '
The combination of cusrent elecllode and potential electéode spacing adop!ed in this susvey
are as fotlows. : :

Measurering electrode spacing

AB!Z*(m) MN/2(m) K No. |  AB/2{m) - | MNj2(m) | K

No.

1 i0 2 - 754 || 12 200 40 1508
2 15 2 {11361 13 250 40 2392
3 20 2 311 14 375 40 5459
4 30 2 703,70 15 | 500 - 40 9755
5 40 2 1253 16 500 100 | 37710
6 50 2 1960 17 625§ 100 5979
7 50 10 317 ‘18 750 | - 100 | 8679
8 75 10 - | 8679} 19 1000 100 {15550
9 100 10 1555 20 1250 100 24390
i0 150 10 3519 21 1500 100 - | 31590
1 200 40 6261 '

K: Geometrical faclor

Except the end of the susvey line maximum electrode spacing is ABf2 = 1,500 m, with
21 measurements of cach station o make a VES cumve.

3°3  Method of Analysis
Apparent resistivity values of cach station are pul into the conputer so that the VES
cunves are displayed on the CRF. Once assumed geo-electric model structure such as depths
and resistivity are given, the theoretical VES curves appeared instantaneously and when there
is the difference with the observed value, the input dala are modified o determine the satisfa-
tory geo-electric structure, '
In conducting this simulation, gm{-leclnc structure of line A, B and Cconduc!ed in
1978 weie reffered.
1)) Upper layer (high-resistivily)
@-layer (1,000 — 3,000 £2-m)
This layer is distsibuted between No. 60 and No. 100 and near No. 180 on Line
A, having the thickness of 0 to 200 m. 1t corresponds to the Quaternary andesite.

~ 10—



2)

3)

3-4-1

© VES cumves are ‘plolted by the obsérved apparent resistivity cosiesponding to each

®-layer (100 — 600 £2-ms) o

The layer is between No. 4 and No. 110, near No. 140 and No. 40, beiween

No. 20 and No. 190 on Line B, its thickness is about 100 m, and corresponds to

the Quaternary andesite and Tertiary pyroxene andesite or the altered @ layer.
©layer (20 — 80 2-m)

The distribution of € layer is in Tuja altered zone between No. 20 and No. 40 of

Line A, and on the east side of No. 140 of Line A, and between No. 20 and No.

150 of Line B and on the east side of No. 200 of Line B. [is thickness range from

about 100 1o 400 m, and corresponds to andesitic welded tuff of uppes Puchul-

diza formation.
Middle layer (low-resistivity) 2 — 6 S2-m

It distributes thickly under both survey lines. In Tuja and Puchuldiza, near the
end of survey lines, the resistivity is lowest beiween No. 90 and No. 100 in Line B.

Ifs thickness is about 500 fo 700 m and comresponds 0 andesitic welded fuff of
Puchuldiza formalion, dacitic welded tulf of Condoriri formation, and green sand
stone of Chojina Chaya formation,

According {0 the calculated effeclive porosily as shown in the Table H-4-4,
the resistivity of Condoriri formation is presumed fo be the lowesl with the tendency
1o gradually increase, proportional to the high depth increment.

Lower layer (high-resistivity) 15 2m <

The basement layer is detected from the rising of the VES curve. Here, the resisti-
vity is higher than upper layer, but the resistivity values could not be determined exact-
ly.

In both survey lines, it grows shallow on the east side and deep on the west, and
not detectable at the west ends of these lines. This seems {0 comrespond to rhyolitic
welded toff of Utayane formaltion, but the thickness is not calculated.

The presumed resistivily valués from the ¢ores of well No. 4 and No. § are also a
tittle bigh. The drainage of wells in the Puchuldiza area occur mainly in this layer.

On Line D and Line E which run parpendicular with Line A and Line B almost
the same change of resistivily are seen so that the same classification of resistivity can

“be used.

Results of Interpretation
Apparént Resistivily Section (Rig. 1-3-1)

and by curve matching mo‘:lrho'd resistivity and depth of each stratum are detesmined.

It is imporiant to make an appasent resistivity section prior to make interpretation of

geo-electric structure to know the outling of resistivity change.

Generally by looking an apparent resistivity section the paralle] contour of resistivity

with the susface shows the stratified geo-etectrical structure and the distortional contour of
resistivity corresponds to the boundary of geology, fault and the change of shallow resistivity

change.



- General geo-electrical structure was assumed by this apparent re51slmly section when
the ﬁeld survey ﬁmshed at lhe site,”

450"-' ' . tlsg-e' '

" UNE-D

& £ 3

sikod .-

2,500

Fi 133 OISIRGUTION (F APPARENT RESISTAITY 0N CONDUCTIVE PAPER

Line D

Judging from the pallem of the apparent res;stmty contours the geoeleclncal structure
scems {o be stratigraphically different with the overburdea by high resistivity readings of
around 2,000 £-m. .

. Over the Natividad hill north of No l 10 lhe hlgh res1slmly oy e:burden covers the
surface while in the southern half of the line comparatiy ely low tesistivily zone is recognrzed
from the susface.

The high resistivily zone seems fo corresponds with hornblende andesite of Holocene
and Puchuldiza andesite of Miocene distributed over Natmdad hit, north of Puchuldiza river.

Some faults are supposed to exist at the depths around No. IOO, No. 120, No. 135,

0. 155, and \"o 175 judging {rom the curved flow of the contour.

The low resistivily contours are seen at the deplh around \'o 40, No. 80 and \o 90
and so Well No. 6 was sited around No. 100.

Line B

The pattefn of the contours is almost the same as Line D with the high resistivity
overbuiden in the north and comparatively tow reslstivily readings in the south.

—-12 -
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The thickness of the overburden is, however, thinner and the resistivity reading is lower
than those of Line D.

Around No. 60 low resistivity readings less than 5 £2-m are detected in the shallow zone.
which is supposed to be due (o the wann saline water of Chiguanane river.

_ Discontinuitly of zesistivity readings aré recognized around No. 45, 65, 115, 145 and No.

185.
Line F _ _

This line was planned complementary to the sou rthern pari of Line D and Line E

in order to know the southern exfent of the low resistivity zone. The topography is generally
gentle with the Puchuldiza river as ils center.

The pattern of resistivity readings is monotonously decreasing toward depths and is
generally low. The lowest resistivily zone less than 7.5 $im is noted belween two Faulls near
No. 45 and No. 70. This zone is very thick and is assumed to be due to hol saline waler.

3-4-2 Resistivity Section (Fig. 1-3-4)

Line D

High resistivily layer corresponding with Quaternary andesitic rocks with thickne.i_s of
100 — 200 m covers the whole line and especially in the northern part of No. 94 where Well
No. 6 was dug{@-Jayer of more than 2,000 £2-m with thickness of 50 — 70 m covers the susface.
This high resistivily overburden is considered to be the whetlhered andesitic fava but nol seen
at No. 30. ' _

Among the upper high resistive layers andG)-layer of comparatively low resistivily
(20 — 30 £2-m) distribute over, aboul | km in North-South with No. 120 as its cenfer, whete
Line-D inteisects with Line-B, and the thickness is about 200 m forming the graben structure
by the faulls near No. 95 and No. 135.

Here along the Puchuldiza River it shows wide low resistivity zone due to the abundant
surface saline water,

The same{Q-layer are seen neas No. 160, where Line-D intersects with Line-F, and near
No. 220, which is probably due to the weak geothermal phenomena in the depths.

Middle low res:slmty !ag. er shows comparatively low resistivily (3.5 — 5 $2-m}in the
northera part of resistivity- dnconlmmty around No. 130 — No. 140and 5 — 7 fT-m ia the
southesn part of the discontinualy.

Especially in the area of south-westem slope of Co. Natividad between No. 30 — 60
comparatively low resistivily sugsests the deep geothermal fluid.

Besides in tha depth of about 1,000 m near No. 140 comparatively high resistivify of
30 ST-m are detected but no detection of the same resistivily around No. 140 does not suggest
the presence of basement in the deplhs.

13—



CLASSIFICATION OF VES CURVES LINED

unit : --m

STATION | TYPE UPPER LAYER MIDDLE | LOWER REMARKS
LAYER LAYER :
2 : b
10 2% 3300 ;3 820 50 2% ; two layer
20 Q | 2900 | 720 50 ———: Pault
30 2+ t 500 3.5 ... ¢ Boundary
40 Q 2000 i 300 3.5 '
50 Q 2800 : 500 35
60 Q | 3000 . 800 3.5
70 Q 4500 § 500 40
80 Q | 2350 {7200 | Ta0
90 @ |2000 f us_ | - 48
100 o |°® 130 25 45
110 Q s in 49
120 Q 70 £ 30 A8
130 e \ .. 90 Yo | a3
140 H b 70 50 30
150 e | 6 66 |
160 » s 25 70
o | o [3 so 1 | eo
150 ¢ | b 3 65
190 24 52 65
200 2 45 5.0
210 r LI 2___ ) 13
220 2 |V 90 €17
230 2 45 20
Resistivity classification Resistivity (R-m) Thickness{m)
1. Upper L. a. 2,000~4200 50~70
b. 33~ 820 30~250
c. 17~ 30 150 ~ 300
. MiddkL. 35~ 13 8002
1. Lower L. 30

—t4—



-CLASSIFICATION OF VES CURVES LINE-E

unif : §1-m

: _ !
STATION | TYPE | UPPER LAYER uaLE | LOWER REMARKS
10 AN A 55 | 90 : 2% : two layer
0 o |[b 160 {30 48
30 o [T e | T as ———1 Fault
40 2% 12000 :_h _________ 40 | | ... : Bounduy
50 QH |2000 § °© 13 3.0 25
60 n | ss | 35}
70 QH |b 120 60 . 30 20
80 Ho| 250 32 20
w |0 [ 0
100 s | 60 | s | 20 |
io oH [P 8s {°30 33 20
120 Q 200 | ;3 50
130 Qi 70 % 30 35 15
140 @ | 250 a4 | a0 |
£50 o |[b 80 %30 48
160 Q ss s 5.5
170 Q . 85 : 30 53
180 Q 110 ;30 | 75
190 Q 65 i 12 as | B
wo | [y | s
210 P L B 25 30
a0 | T e T
230 2¢ 10 |16
Resistivity classification Resistivity (f1—m) Thickness (m)
. UpperL. 2. 200~2000 30~60
b. S5~ 600 40~130
12~ 55 60~ 430
I Middle L. 3~9 5004
. Lowerl. 15<

— 15— .



CLASSIFICATION OF VES CURVES - LINE-F

unit : £1-m

STATION ' | TYPE | . UPPERLAYER e | vk | REMARKS™
10 2 100 15 2% : twolayer
20 v L I 15 13 | --—: Fault
30 o |° 100 § s 10 | ... : Bounday
0 o2 [T so e b
50 » |5 L6 | . s
60 e |° w00 33 | as
70 LI i 45

i S E
50 Q | 120§ 25 43
20 2 | 2 5.0
100 » VL oss 4w
110 o 150 20
Resistivity classification Redslmity (-m) - ' Thickness (m) -
L UpperL. b, 100~§50 T 20~65
c. 22100 200~ 260
H. MiddkL. Ca3~rs 5004

fil. Lowerl. . —
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Line B . :

High resistive@-tayer are not found except on the top of the hill of No. 40 and No. 90.

" The area between No. 90 and No. 110 along the Ancocollo Creek seems to cross the

faults and the resistivily discontinuily are scen there as thick@-layer distribute in the south
of No. 110.

Depth of middle low resistivity zone are very shallow in the nosth of No. 65 along
Chiguanane Creek and the deep layer of 15 — 40 -m are nof scen in the nosth of No. 40.
In this zone hot saline water seems (o flow towards south and this area is selected as one of
the drilling sites by the first phase survey.

In around No. 80, where Line-E intersects with Line-A, the middle low resistivity
shows almost 3 £2-m which is comparatively lower than that of No. 140 of Line-A. It may
be due to the development of N-5§ cracks and path judging from the parallel faults of generally
N-S direction.

Lahsen (1970, 73) reffered to this tendency of anisotropy that N-S is lower than
PEW in this area and this has become one of the evidence of supply of geothermal fluid from
the North.

Both between No. 140 — No. 150 and No. 180 -- No. 190, where Line-E crosses the
Puchuldiza river, there is the resistivity discontinuily, and the area between No. 190 — No. 200
show the graben structure with lower resistivity than the surrounding area,

Linec F

A complementary survey (3 km) along 855N in the south of Lupe was conducted to
know the southern extension of low resistivily zone.

The thickness of ©-layer is generally thick devided into several blocks by some WN-S faulls,
and it becomes thinner towards east in the east of Puchuldiza niver, and in the east end of this
tine(®-layer caused by the Puchudiza andesite are confirmed.

An syncline or a faul{ is assumed around No. 70 and the low resistivity of 4 — 5 §2-m are
confirmed in the depth of morée than 300 m.

Besides the lower layer is shallow around No. 40 forming the up-lift struclure which
coincides with the resulls of the gravity survey very well.

3-4-3 Apparent Resistivity Plan Map {Fig. 1 -3--5)

Survey results of Pirase 1l in 1979 and the existing data were compiled on the apparent
resistivity plan map. Two maps were made for elecicode distance of ABf2 = 500 m and 1,000 m,
indicating the general resistivity change and delineating the promissing produclive area,

AB/J2 = 500 Map

Sigaificant fow resistivily zones are seen around Tzhipicollo hill through Puchuldiza
and also around Tuja both in N-S directions along the creek covered by Testizry dacite and
Quaternary sediments.

On the other hand, high resistivily zone are seen over Natividad hill and west to Tuja
creck, showing N-8 distrabution just like the low resistivity zones corresponding to Holocene

—17 -



horablende-biolite andesite.

Resistivity réadings along Puchuldiza siver are generally 10 — 15 £2-m with little change.

A zone of dense contours of resislivity lines or with the distuibed contours of resistivity
tines nearly corresponds with faults or boundaty of geologic formations confiemed by surface
geological and geophysical surveys.
ABJ2 = 1,000 m Map

Low resistivily zones separated into Tuja and Puchuldiza on ABf2 = 500 m map become
one wide zone less than 750 mt in depths and located north of Puchuldiza rives covering
Tahipicollo hill in N-W direction. ' '

The area is assumed to be about 8 km by 4 km.

- 18 —
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CHAPTER 1| INTRODUCTION






" PARTH

Chapter 1. Introduction

1--1  Objective of the Survey : _ _

Prior to the field investigation conducted by JICA sunvey mission in 1978, five (5)
exploratory wells were alfeady drilled by CORFO at sites suscounding Mt. Tahipicollo hill in
the Puchutdiza geothermal ficld. However, the resulls of temperature logging of these wells
indicated that they were not high enough for commercial power generation.

After an infegraled evaluation of geological, geochemical and geophysical surveys in
the area, JICA suvey mission concluded that the most promissing area in the field might be at
the area of about one (1) km east of Tuja marnifestation. Consequently, exploratory Well
No. 6 was sifed and recommended in order to have more detailed informnation on the reservoir
characlerislics necessary for the evaluation of high temperature geothermal fluid.

Drilling exploratory wells, in general, have the following objectives; to confirm g2o-
fogical stratigraphy and structure, to gel the geochemical and the geophysical properties of
the formaltion, and also to examine the efftuent materials from the well and to gather other
imporiant data which could not be obtained by the surface invesligation. Finzlly, all these
informations collected from the well would be used for the scientific evaluation of the geothermal
reservoir in the avea if there is any.

Well No. 6, in fact, had been designed by CORFOQ engineers following the recormmenda-
tion of JICA mission to drill at least 3,000 m depth well. 1t was also suggested that seepage
of cold waler from shallow part should be scaled off.

1—-2  Members of the Sunvey Team -

Team Leades Mr. Yasunori_Sakai Geologist
Mitsubishi Metal Corporation

Coordinator Mr. Masaru Tateishi
Japan Intemational Cooperation
Agency
Resepvoirsurvey  Me. Yasuhiro Kubota Production engineer

Mitsubishi Metal Corposation

Logging survey Mr. Masashi Kurosawa Geophysicist
Bishimetal Exploration Co., Ltd.

Counterpart {(Comite Geolennico — CORFQ)

Project Manager  Mr. Claudio Cadiz Chavarria Industsial Engincer
Camp Manager Mr. Turides Solar Venegas Chemical Engineer
Mr. Ricardo Sandoval Salas Geologist
Mr. Renan Argandoiba Ramos do
Miss. Margarita Letelier Parga do
Ms. Jaime Caviedes Dupra do

- 19 —



1-3 MNinerary
ITINERARY OF H1 PHASE JAPANESE SURVEY TEAM

No. Date Day Schedule
1 1980. Oct. 12} Sun, A member KUROSAWA, Tokyo Lv.-? Los Angels Lv.
) 13 Santisgo Ar. o
3 14] A coustesy call on the Japaness Embassy, CORFO
4 15 Haﬁe_ 'a_nangen;ent; withCORFO
s 16 | Sa;t!iagd j*. fquique o
6 17 Make a:r#ngegn:n!s with CORFO _
7 | 13 : [quique + Chusmiza (3,500 m elevation)
8 19} Sun. Chusmiza -+ Puchuldiza (4,300 m elevation)
o 20 . _ _ ,
10 21 Teingérature logging
I 22| | Cateutation of tozzed data
12 23 » ' _ |
13 2] | Temperature logging of Well No. 2
14 25 Cakulation of logzed dala P
15 26| Sun. b A member KUBOTA, Tokyo Ly,
16 27 : " . Sanliago Ar.
37 28 Adjustment A colulesy call on the Japanese
. Embassy and CORFO
18 2 » Santizgo » Iquique
19 38 * Iquique > Chysmiza
20 3 _ ‘Chusaiiza P‘q;:huf_diu
21 Nov. 1 . Aréun& ingpection ét the area
22 2] Sua. Temperature fogging |
23 3 Cemenlation of anchar casing pipe
24 4 Cakulation of logged data
25 5 »
26 6 Logged data cakeulation
27 7 . |
28 8 Geolhermal SUIVEY
29 9| Sun. "
30 10 -
31 11 »
32 12 n
13 13 ”
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No. Date Day Scheduke
34 1980. Nov. 14 Lozging preparation
35 15 Temperature lopging
36 16| Sun. Femperature logging
37 17 Logzing data Calculation, Cementation of
produciion casing pipe
38 18 Puchuldiza -» Iquique
39 19
40 20 Iquique -» Puchuldiza
41 2 Lozged data calculation and geological sunvey
42 22 »
43 23} Sun. ”
44 24 »
45 25 b
46 26 Logging preparation
47 27 Temperature lozging
48 28 *
- 49 29 *
50 Dec. 30 | Sua. *
si 1 Injection test
52 2 Cakulate the data
53 3 Peoduition test
54 4 Temperature Jogging
55 5 Pack the equipment
56 6 Puchuldiza -» Iquique
57 7 | Sun. Calculate the data
58 8 Write up the interim reporl
59 9 ” )
60 10 ”
61 i1 A manber KUBOTA, Iquique -» Puchuldiza
62 12 A membes KUROSAWA, lquique » Chuaniza
63 13 Mr KISHIDA of JICA make of field inspection
&4 14 |Sun. Iquigue - Santizzo
65 is Report the intedim repoil
&6 16 Saatizgo Lv.
67 iz Los Angek Ar.and Lyv.
&3 i8 Tokyo Ar.
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CHAPTER 2.
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Chapter 2. Exploratory Well Drilling

2-1 - Drilting Rig and Drifling Method

The specifications of the Drilling Rig used at Well No. 6 is shown below:
Drilling Rig  : Porlabte Water Well Drilling Rig Model 2500,
Made by Gardner Denver U.S.A.

Engine 1 Cat 3306-66D, 250 IP

Drums - : Single Line Pull 18,000 ibs

Mast - ¢ Heighl 65 feet
Recommended working load capacnty on six lines
60,000 1bs

Pump - i N.S. Co. Ideal C-250

N.S. Co. Ideal C-150

Maximum dﬁliing capacity of the rig is 1,372 meter using a 2 & /8 inches pipe :
diameter under ordinary condition. However, since the site is located 4,200 meter above sea
level, the capéci(y of rig would be reduced to about 10 — 20 percent. '

Drilling method employed at the site was the ordinary use of bentonite mud and
ciréula!ion of water. Cohd.ilions relating to the drilting work are shown below:

P.H, Value of controlled mud water : 2to 10
Specific gravity of canlro"ed _
mud water 1.04 1o 1.09
(up to 650 m depth)
» »o 1.01 to 1.08
{deeper than 650 m)
Viscosity velocity of Mud : 37to 45 see
Bit load : about 1,000 1bs
R.P.M. : 7010 80
Bit type used : OWN,WIR

Dsilling rate :

15 to 45 min per meler

In the course of the dnlling work, the nature of circulating mud water and bit toad
were confrolled effectively. Regardless of the request to recover dniling cares every 30 m,
the drilling rate was maintained at 15 to 45 minutes per meter.

2-2 Dnllmg Procedure and Well Completion

Fig 1122 shows the drilling record and casing destgn installed. Well No. 6 was
drifled to a depth of 55 min 1979 and 17 & 12 inches stiface casing pipe was used o suppott
the well wall in unconsolidated formation so as to shut off surface water and shallow water

aquifer of low temperature.

Below 55 m depth, drilling work was tesumed on Sepl. Ist, 1980 From 5510312m
depth, the well was cased by 12 & 1/4 inches diameler pipe and was anchored by 2 9 & §/8
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inches of casing pipe. In the course of drilling; 400 liter of mud circulation loss was observed
instantancously at the depth of 154 m.

From 312 to 653 m, 8 & 3/4 inches bit was used and 7 inches pioduction casing pipe-
was installed in the well after the first temperature logging. During the drilling, no mud
circulation loss was observed. The cementing of the production casing was carried out by
filling the annular space between the casing plpe and well with ordinary postland cement milk
mixed with four percent benlonite, e

In the course of the cementation using Ideal C-150 pumip, the cementing of the
production casing was considered effective on the basis of the obseived circulation of cement
milk, . . T

In general, production casing must be used when the eicvated temperature reservoir
is confirmed, say over 200°C, In this case, however, temperature was 122°C at 650 m depth
{Table 11-4-2, Fig. 11-4-2), no! high enough to set the casing. ' Bul judging from the
capacily of the dnllmg machine used and total length of casmg pipes prepa:ed af site, lt was
unay mdable not to place the casing at this lemperature and depth.

After the cementation, well nead eqmpments were ms(al!ed before siarlmg deeper 7 "
drilling work again. The w: ¢l was smoothly drilted dcmn to 1 000 m depth as planned '
initially. Therefore, the dﬂllmg plan was revised i in order to drift deeper because the réservoir
temperalure at the depth was not high enough and the well did not have any mud cmurlatlon

Oa November 27, when the well reached the 1,1 57Tm deplh,'tﬁe driiling work was
stopped because the drilling rig has reached its maximum capacity. Mud circulation loss of

1.9 k1 lasting for three hours took place at 1,090 m depth. Between 650 m and botiom hole,
5 inches stolled pipe was used.

2-3 FlushTest .

After the slotted pipe was sel at deeper part of the well, cleaning of “dl watl was made
by pumping waler to the well. After cleaning the well, temperature logging was conducted in
order to know the well characteristics.- Although the result of well measurements \'vri!l be
discussed later in detail, the maximum temperature of 180°C at the boltom hole and 4 m3/hfke/

cm?2 injection index were confirmed in sp:te of no mud ¢irculation 1oss encounler dunng
the drilling work. ’ .

Reservoir lemperatuse was nol high enough than what was éxpectéd; however, the’
injection index was quite good. Water level in the welt was assumed lo be about 4,200 m
A.S.L., higher than the height of well head. Accoidingly, the geothermal fluid “ould ﬂow
out automatically when the main valve of well head wasopeéned. - .

On Pecember 3 and 4, flush tests were carried out opening the main valve. Low
tempesature fuid gushéd out from the well head for about 20 minutes alter the valve was
opened. As the efflucnt temperature exceeded over 85°C, which is boiting poinl of waterin

the area, mixfuee ralio of geothermal sleam and water from the \\el! gradually tm reased and thus
intensificd fuching was observed, S :
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DRILLING PROCESS OF WELL NO. 6

Fig. I-2-2
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After one hour of flushing, gushing of geothermal fluid was no longer continuous but
intermittent because of lack of enough supply of hot effluent from the teservoir. In order to
accalerate temperature recovery of the well water, compressed air was tightly enclosed in the
well shutting the main valve. When the main valve was opened on December 12, no flow was
observed from the well, although the shut in pressure indicated 10 atg

The probable reasons why no geothermal fluid gushed out from the well are as
follows:

n As shown in temperature logging map in Fig. [-4--1, cold water that concenltrated

at upper part of the well prévented the flow of geothermal fluid up from the depth.
2 Fine cracks and fissures which are the sources of fiuid were clogged by mud and othes

debiis.

In order to remove the cold waler From upper part of the well, air lift test was con-
ducted for two days and the resull is shown in the following table.

Hours . Water Level Water Level
Date conducled Drawnout water befose trial after tdal
Dec. 12 9:hpom 3m3 -~ 7m ND
Dec. 13 3:h00'" 7Tm3 —24m -58m

The table showed that the watez level in the well has not recovered sufficiently to the
previous water level after the air Lift tesl.

It means that cracks or fissures which are the conduit of the fluid are still clogged
unexpectedly. For e:xample, residual mud used in drilling had solidified under high
temperature condition or efituent impurities like caleium carbonate had scaled in the well.
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Chapter 3. Geology, Thenmal Alteration
and Geochemistry

3-1 Method of the Investigation

In the course of drilling, core and well cultings were sampled every 30 m and 5 m
respectively, as recommended by the JICA Mission.

These samples taken from the well were observed macroscopicatly in detail at the well
site and were stratigraphically correlated with geological formations of the field susvey made
previously. Some sepresentative samples of the geological formation in the area were studied
by mictoscopic examination in order to know their components, texture, and assemblage of
constituent minerals of the rocks. ' '

X-ray diffraction analysis was also made in order to deteimine the alteration minerals
produced by thermal activities. 7

In addition, hot water efftuent feom the Well No. 6, river watess, and hotspring
walers around the area were brought back to Japan for analysis. '

The equipment used and measurement parameters are as foltows:

4} Mic¢roscopic Observation |
1} Equipment .
Orto plan, Yol (Emst Leiz) POH (Nippon Kogaku) Rutomat {Photography,
Ernst Legiz)

2) Obsen'alion Method
Mineral assemblages, paragenesis and textlure were examined by polanzing
microscope for each thin section.
Microscopic picture of typical samples were taken with both parallel and ctoss

. - Nicol prisms. .,
(2)  X-Ray Diffraction Analyses

1) Instruments used
Philips X-ray diliractometer

2) Test Procedure
The coltected samples were ground belween 50 — 100 mesh in a stainless stee}
mortar. Furlhermore, the samples were ground in the agate mostar until no
grit is felt by the finger tip to produce non-oriented particles. Some special
samples were treated to produce osiented parlicles and were analyzed aftes
treatment of HC1 and ethylene glycol.

3) X-ray diffraction conditions

Farget Cu Ko

Filter Craphite monociomeler
Vollage 30KY

Current 20 mA

Divergence shit 1°

Receiving slit 0.2 mm
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Scanning stit o 2%fmin and 1°%/min
Chart speed 2 em/min and 1 emfmin
) Chemical Analysis of Hotwater :
_ Geothenna! fiuid gushing out from the Well No. 6, hot sprmg wateér, and riv er

water in the area were collécted and were hroughl back to Japan for chemlcal
analysis.

32 Geology ,
~ Stratigraphy of W il No. 6 consists of Churicollo formation of middle to upper
Cretateous, and Ulayane Chojna-Chaya, Condoriri and Puchuldiza formiation of Temaxy, and-
the ov erlaylng Quatemary volcanics given in ascending order Andes;te dyke mth unkno“n S
age were noled at 660 m to 750 m depth.
The geological classification, slrahgraphy and thickness of each formation i in the well
coincided with those of surface fiefd inv est;gahon conducied by JICA survey mission in 1978.
The following descriptions show the result of macroscopic and microscopic observations
of the cores taken from the well. Flg,. 1}-3-1showsa geolog,lcal column chati of Weil No. 6.
oQQuatemary Yolcanics
Quaternasy Volcanics appears from suiface down 10 75 m depth. The fock consists
of andesite lava and pyroclastics. Undef microséopic observalion, the andesite is characterized
by large phenocrysts of plagioclass and hornblende with porphyntic t_exl'ure-. “Fhe andesite in
the well is the same as those thal prevails al northern arca of the drilling site.” No geothermal
alteration was observed. ‘ o -
oPuchuldiza Formation

Puchuldaza formal:on occurs from 75 m lo 415w depth. This formation is subdivided
into thzee (3) groups from its rock facies, that is, andesite lava ﬂow (l), pyrodastlc rock, and
andesite lava flow (11). Upper andesite lava flow appearss from 75m to 215m deplh and is
characlerized by massive, compact and black groundmess. Phenocrysis of p!agjodase and
pyroxene were obseived. Under the microscope, augite and hyperithehé of pﬁc’-téne
minerals are recognized. Groundmass is composed of very fine graias of plag;o‘.la&e augite,
and opague minerals. Alternation of the rock is generally weak.

Pyroclastic rock from 215 m to 315 m depth consists of lapilli tuff and tuff breccia.
The former ptedommate at the uppet part o{ the well and the latter at the d-eeper part.
Flagioclase, pyroxene, and epaque minerals are the main constituent phenocrysts with small
amount of quartz, K-feldspar and biotite. Fragmeats included in the pfrociaslic fgi-ck age
mainly pytoxene andesite, the essential material of the formation and rately shyolitic rock
thought to be derived {rom Utayane formation. Montmorilionite, as alteration mineral,
occurs mainly replacing glass, groundmass, and afong the rim of cavities. o

Andesite lava Now (§1) which is esseatially the same as the upper andesite lava flow (1)
appears from 315 m to 415 m depthand is characterized by flow structuse showing the
oriented feldspar in the groundmass. Montmonillonite of the lower andesite flow is more
severely altered compared with upper andesite flow. The alteration is mainly in groundmass,
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Fig. 11-3—- ' i
ig. 11-3—1 Geologic Column of Well No. 6, Puchuldiza
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rim of phenocrysts and along cracks of the phenocrysts. Montmonllomle, sometimes, shows
fiine vein slructure. ’ : '

“ Andesite which occurs at 370 m depth is reddish brown in colo: Under microscopic
observation, it consists of megular aggregated hematite. -
oCondoriri Fermation
This formation occurs from 415 m 16530 m depth and is characterized by large amount
of punice, consisting of dacitic tulf and lapilti tuff. Undes the microscope, the rock consists of
mixtare of glass and phenocrysis. Breccia included in the formation is of dacitic rock only and
the crystal flakes afé plagioctase, biotile and opaque minerals. Alteration of the formation is
more intense than that of Puchuldiza formation because the pumices completely altered to
montmorillonite. '
¢Chojfia Chaya Formation
The formation appeass from 53016 662 m depth and is composed of lapilli tuff breccia.
Although this formation was gradually derived from Condoriri formation, it ¢can be distinguished
from Coﬁﬂ(;ﬁri By the lack or very small psesénce of pumice in the formation. Breccia included
in the formation are maialy dacitic rock and rare]y pyroxene andesite. Matrix of the rock is
s((ong]y altéred to montmorillonite. Under microscopic observation, montmarillonite develops
along the cleavages and cracks of plagioclase phenocrysts. All mafic and opaque minezals are
also altered to montmorilionite.
Chéjiia-Chaya formation in the susface is composed of well-bedded, dark green to
dark brown medium-grained sandstone intercalaled by thin conglomerate beds. This forma-
tion however, shows diffesent rock facies from the surface. Difference between Chojiia-Chaya
and Condoriri is thal the fosmer docs not contain pumice. A<cordingly, the writer has
cofrelaled this formation to Chojiia-Chaya formation. Pyroclastic sediment possibily change
to normal sediment toward East part io the area.
oUtayané Formation

" Utayarie formation occurs from 750 to 930 m depth and is characterized by striped
structure with light shade of purple, brownish gray of dacilic welded tufl. fn some cases,
this (ock‘looks like andesite. The strongly welded tulf occuss at upper patl of the well and
is in direct contact with andesite dyke. Phenocrysts of the rock are plagxodase, biotite,
homblende and opaque mmera!s and 1ts g,roundma«:s is made of plagioclase, quariz, smali .
amount of K- feldspar and secondary clay mmefa!:, Core sample T27 is welded tulf, occunng
at the deeper part of the \\e!l Constituenl minerals of the sample are the same as those of
welded (ull of the uppes part The formatmn as a whole, is strongly altered, especna!ly
the groundmas_s and mafic mmera!s Allered ntinerals are mainly composed of montmorillo-
nite, fine grained secor_ldary' quaf_lz, andl sericite.

oChuricollo Fomation '

Churicollo formation appears al deeper than 930 m depth and subdivided into three
(3) rock facies, namety, coarse grained tuff, tufl breccia and andesite lava in descending
order. Coarse grained tufl occuring from 230 m to 1,060 m depth consists of plagioclase
with smali amount of quartz crystal and fragments of mafic minerals. Rock facies
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gradually change from coarse grain to luff breccia in the lower part of the well. Sorling of
coarse tuff is somewhat good but graded structure is nol clearly recognized. :

Pyroxene andesite appears at deeper than 1,060 m depth and consists of phenocrysts
of plagioctase, augite and opaque minerals and its groundmass is composed of plagioclase,
secondary formed quarlz, clay minerals and opaque minerals. Since the phenocrysts .
present are oriented, the rock might be a weled tuff.

This formation is classified into three (3) groups at the surface, namely; andesmc
or dacitic welded tuff, intercatation of rhyolitic {uff and welded tuff, and greenish sandstone
or conglomerate in ascending order. In core invéstigation, geeenish sandstone or conglomerate
could not be found. However, these rocks in surface geology are tuffaceous, and not well
rounded. Breccia included in the tuff consists mainly of andesite. Taking info Qonéidera- :
tion the above, this pyroclastic rock would be correlated with Churicollo formation.

This formalion is generally aliered strongly compared to other upper formation,
especially its groundmass and mafic minerals. Altered minerals consist mainly of chlorite and
occasionally sericite, chlorite-montmoriltonite mixed layer, carbonate and quariz, T{:y make—\
special mention of zltered minerals, epidote has developed in érysta] of plagioclase andin
the groundmass at the lower part of 1,040 m depth. Most of mafic minerals were altered to
opacite or chlorite, ' '

oAndesite dyke . _

Andesite occuring from 662 to 750 m depth are considesed dyke because of |he
following reasons even though this rock was not identified in surface geology:

a) Dip of Now structure of the rock is very steep (approx 70°), that is discordant w:th
the structure of upper and lower formalions.

B)  Breccia of this rock is not found in the uppér formations. ll means that thereisa
possibility that the andesite would be younger than the upper fonmation.
<) Alteration is somewhat weak with the upper and lower formations. And sometimes

monfmoriflonite prevailing in each formation is not recognized even by X-say diffeac-
tion analysis.

This rock is characterized by very find grain andesite with few niinerals showing distinct
flow structure. Al the boundary of the lower formation, the rock shows catactastic structure
and no accidental breccia. Only plagioclase was recognized as phenocryst in miéroscopic
observation while all other mafic minerals ate altered. Groundmass consists of plag:oclase-,
secondary formed quariz, elay minerals and opaque minerals. Mafic mirierals and groundmass
have been replaced by montmorillonite. A small ambu_nt'of calcite was noted along cracks of
plagioctase. Fine grain secondary quariz was also observed in the groundmass. . In some
occasions, fine veins of chalcedony sitica, quarlz, clay minerals and farely hmomle were seen
along stripes of Mlow structuse.

Well No. 6 has been drilled at the eastern wing of anticlinal siructure passing through

the Tuja manifestation as sho“n in geology portion of the report of First Stage JICA surv ey
mission.
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The relation between geological stratigraphy and siructure in the surface survey and
geological feature of the well is similat in most parts, except that the Chusicollo formation which
occurs at 200 m depth is shallower and the thickness of Utayane formation is 200 m thinnes
than what was expected. '

3-3  Geothermal Alteration

Altered minerals detected by X-ray diffraction and microscopic observations of the
samples takea from Well No. 6 consist of montmorillonite, sericite-montmorillonite mixed

layer, sericite, chlorite, epidote and small amount of calcite, Zeolile mineral however, was not
detected. Some of the altered minerals fike a-crystobalite and frydimite were used as geo-
thermomeler. :
é-cristobatite and trydimite were detected by X-ray analysis from susface samples
down to 589 m depth. These minerals are not clearly recognized in microscopic obsenalion

Monlmonllomte is present from shallow part down to 905 m depth altering the
phenocryst of primary minerals and groundmass. Andcsnle dyke which eccurs from 662 to
750 m depth was weakly altered compared with that of surrounding formations. This suggest
that the dyke was of later period intrusion.

Sericite and chlorite occur at deeper than 235 m depth of the well. The occurrence
of sercite is the same as that of montmononite, replacing the phenocryst and groundmass
and somelimes appears as veinlels.

Chlorite is considered to belong to the less Fe content type by its optical chasacleristics.

Epidote was nofed in microscopic observation at places deeper than 1,040 m. The
occurrence of epidote is evidenced by spots and veins replacing plagioclase phenocrysts.

Calcite is only detected by X-ray analysis from dnll core T-9. Table 11-3--1 shows
the altered minesals detected by X-ray analysis.l All x—:ay charls and photographs of thin
seclions are also attached in the seporl.

In order to know the subsesface temperature of geologic time in geothermal ficld, a
study on the stable domain of alteration minerals produced unders high tempersature condition
was done and the result can be used as a tool of geothermometry.

It was said that ccristobalite and tridimite would be transformed to quartz at about
100°C when temperature goes up. {Tomasson et al, 1972, Kimbara 1977)

cecristobalite was detected from the surface of the wel up to about 600 m deep
indicaling a 100°C temperatuse in the past.

Basing on the results of actual temperatvre measurements and the distribution of
altered minerals, the highest temperature for which montemerillonite can exist at highest
stable condition was between 2307 ~240°C. (Brown el al. 1970, Tomasson et al, 1972).
Therefore, about 930 m of the well was presumed to have a higher temperature (2302 ~
240°C) in the past compared to the present. On the other hand, the lowest limit of stable
domain of chlorite and sericite in the high lemperature condition is about 200° ~210°C.

As stated above, epidote was detected at 1000 m depth. The upper limit temperalure
of epidote is about 2309 ~ 260°C. Accordingly, Puchuldiza Geothermal ficld was at a
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higher temperalure condition in the geologic age.

However, the geologic formation wherein the altered minerals was detected belong to
Tertiary and Cretaceous formations. If the altered minerals were produced prior to the
thermal activity in the area, the said minerals can not be used for geothermometry,

From this point of view, altered mineral geothermomelry was reviewed based on the
distribution of the altered minerals.

The lowest depth for which montmorillonite occurs and the upper depth for which
sericite and chlorite occur at 930 my depth of the well. This depth coincide with the boundary
of Tertiary and Cretaceous formations.

‘At the boundary of montmarillonite and sericite, sericite-montmorilionite mixed layer
was found. From 'lh.is data, aliered minerals such as montmonllonite, sericite and chlorite
could be considered as product of hydsothermal alteration due fo geothermal aclivity.

Fig. I1-3—-2 shows the measured isothermal lemperature profife map from Well No. 4
passing through Well No. 5 and Weli No. 6. From the map, the upper limit of chlorite
appearance in the well is approximately found along the 146°C isothermal line and also, the
boundary of geologic formation is disconcordant from the isothermal lines. The map also
shows that the depth of sericite appearance tends to be deeper toward the west and the lem-
perafure near the surface is higher in the east and lower around Wel No. 6.

3-4  Geochemistry of Geothermal Solution
In order to recheck the result of the First Stage exploration work conducted by HCA

mission and to evaluate the geolhermal reservoir in the area, the following samples were
collected: :

(1)  Efituent water from Well No. 6
{(2) Surface water near Well No. 6
3) Hoft spring waler arround marnifesiations
4) Hol spring water in the area
{5} Hot water from Surin geothermal field

In addition to the above samples, hol water from Suriri, located about 40 km notih

of Puchuldiza was also sampled.

Theése sainples were brought back to Japan and analyzed., Fig. H-3--3 shows the
sample Tocalities and Table H—3-2, 3 the chemical composition of waler sample.
(1)  Chemical Composition of Hot Water from Well No. 6

As stated above, when the main valve was opened after the pump lest, geothermal fuid
automalically gushed out from the welthead. Samples were taken from the wellhead after one
hour and after (wo hours right respectively aftes Nushing started.

Judging from the chemical composition of the samples, the samples taken from Well
No. 6 2re considered typical geothermal Muid because of high sitica, sodium, and chlorides con-
tents although these samples were faken one and two hours after the ftushing started. How-
ever, the elements present are less compared with the waters faken from Well No. 1 to Well
No. 5 and hol spring waters asound the area. Thijs simply means thal the water used for the
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Table H-3-2  LIST OF WATER SAMPLES

——

Nos. and its location Temp. °C Flow Rate £/min Remasks
(Well No.6) -
1 WeliNo. 6 1 85 700
2 WeliNo. 6 2 86 700
(Meteoric Water)
3 Near WellNo. 6 13 . | Cold spring water
) fos potable water
& Tuja A¥Foado i3 05 Riverwater
- ) .Cha;aqug Al Fondé 13 1 . River water 7
6  Neas Well No. 5 10 5 River “ﬁfer
(Manifestation of Tuja
2nd Pochuldizg)
7  TyaNo.1I12 $5 05 - Hot spring water
8  TujaNo. 115 86 s L
9  TuiaNo.124 35 0 B
10 Puchuldiza No. ? 85 -0 ”»
1 PuchuMizaNo 4 8s 10
12 PuchuldizaNo. 5 85 10 ”
13 PuchuldizaNo. 58 8s 3
14 Puchuldiza No. 76 86 L v
{(Manifestation surround
Yolcan Co. Blanco)
15 Quitarird 86 10 Hof spring water
16 Uscana 32 3] Hot spring water
‘ with€0; gasin
salt lake
17 Pingatluri 1 25 Hqt spring waler
18 Pingalbsri 2 30 ”
19 LagunaPainacota 25 Cold spring walter
o _near salt lake
20 LagunaParinacola 20 3 _
p] Sucri No. 1 55 0.5 Hol spring waler
n - 2 62 0 "
23 3 50 2 -
2 I 85 10 -
25 - 5 85 L700 Most farge hol
o spring waled
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Table 1-3-3 CHEMICAL COMPOSITION OF HOT WATER

Sample No. and

- Chémlcal Composition (unit in ppm)
its Jocation PH | MNa K [ca Mg | c& [sos |HCOS
{(Well No. 6) :
L WellNo.6 1 650 | 1060 61 1615 | 16 | 1532 | 205 | nis
2. WelilNo.6 2 798 | 1200 81 [802 | 08 | 1860 | 336 | 142
(Meteoric Water)
3. Near Well No. 6 652 39 22 |263 | 89 | 623 g3 | 362
4. Tuja al Fondo 646 26 1081675 J174 | 45 | 280 | 233
S. Charaque al Foado |- 4.66 25 12 |440 | 7.0 | 45 | 119 |
6. Neas Welt No. § 402 42 31 [s32 |37 | 29 | 21 | ™
(Manifestations of Tuja and Puchuldiza)
7. Tuja No. 112 6712|2010 243 {413 | 39 | 3376 | 114 | 1115
8. TujaNo. 115 746 | 1775 169 |63s | 23 | 3081 | 107 | 968
9. TujaNo. 124 642 |27190 | 140 | 786 | 2.4 | 2866 | 114 | 269
10. PuchuMiza 746 | 1570 210 |24 | 372 | 26131 12 | 213
. No.2 _
1. Puchuldies 772 1600 - | 206 {267 | 23 | 2226 | 121 | 216
. 0', . - '
¥2. Puchuldiza 7298 1620 | 222 |31n | 24 | 2484 | 124 | 218
No.1§
13. Puchuldiza 650 13670 | 222 |4sa | 372 { 2661 | 131 | 238
No.58
14. Puchuldiza 758 |1610 ] 208 }234 § 15 | 2491 | 147 | 202
No. 78
o™ z};ifes!étion surtound Yolean Co. Blanco)
15. Quitwid 880 [1340 | 84 | 06 | 25 | 1549 | 282 | &37
16. Uscana 650 | 222 34 |85 | 169 | 261 | 332 | 113
17. Pingalluri 646 | 268 s4 fsta | 70| 453 | o | 1s4
18. Pingattori 2 656 | 149 | 61 J232 | 94| 185 | 90 | 138
9. Laguna 618 | 1 2 {152 20| 25 | & | 367
Parinacota _
20. Laguna 622 | n | 18]wr | ss| 25 | s | 362
Parinacota - o :
{Suris)
21. Suriri No. 1 642 |1650 223 | s {so | 27222 }240 140
2. 2 654 1o 150 |150.7 [i90 | 1880 §317 | 265
23 " 3 658 |1160 186 | 1002 [it.7 | 1852 Josz | 247
4. " 4 660 | 1100 179 | 1435 s | 1590 J3s9 | 260
5. " s 654 |1210 2117 §2272 395 | 1707 fro36 | 239
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pump lest is still admixed with the guised watér,

It is understandable thal these chemical contents cannot be used for geothermometry.
3] Chemical Composition of River Water near Well No. 6 :

1t contains relatively much Ca, Mg, and HCO3 and less salt than normal geolhermal

fluid. The water taken from the place therefore is a typical river water around the area.
) Hot spring waler arround manifestations

In order to recheck the chemical composition of Rotspring waler:, from Tuja and
Puchuldiza manifestations, several waler samples were taken. The result of chemical analys;s
indicaftes that i1 was the same as that:reported by the First Stage survey mission.
(1) Hot spring waler in the area

Besides the fwo manifestations stated above, there aré several geothermal indications

summounding Yolcano Mt. Blanco. In order to make comparison with Puchuldlza geolherma]
ficld, hot spring watess were ¢ollected from several places.

Quitasiri:  Silica sinter deposits as big as Tuja geothenmal field spredds widely in the area, '~
Chemical composition of hot water shown hlgh conltent of sall.

Uscana: Itislocaled at the margin of Uscana salt lake. Hot water flow out 10 the surface
with some gases. This hot spring is classified as HCO3 type because of h:gh contenl”
of carbonate, in spite of high salt confent, : i

Pingalluri: [t is located al river bank of western part of Tuja manifestation. Small amo’unt of
hot water is flowing oul with some chemicals. The temperature of water is about

35°C. It has high HCO3 salt suggeslmg the contarmnahon of surface water mlh NaCl

type geothermal fluid. .

Laguna Parinacela: It is located al northein slope of Mt. Blanco. Spnng water flow out
naturally info the salt lake. Salt concentration is compaalhely low. It seems this
water is derived from a shallow surface water. :

Considering the chemical analysis of holspring waler around the area, the same geothermal
system or different units of system with simitar geothermal fluid as that of Puchuldiza mlght
exist at depth of the southwestein stope of Mt. \!acurquma

Judging from the flow out condition of hotwatet, to estimate the aquer tempetature
based on the chemical composition of hotspring waler around lhe area could be a mtstake '
However, a geothermal resemvols of about ‘200°C Of OVEr \\ould be present at the norlh v.esl of
Tuja manifestation. ‘
(% Hot water from SumlGeolhennal Fizld

The fictd belongs to NaQl type and its geo-:hemlcal femperature derived l‘rom the chu-
mical compaosition is expected lo be 200°C 61 over.
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CHAPTER 4 PHYSICAL LOGGING



Chapter 4. Physical Logging

4-1 Objeclives and Method of Logging

In order to make qualitative evaluation of the geothermal reservoir, physical logging
such as tesisti\'iiy, thermal, sonic, radioactive, and eleciromagentic logging and transmissibility
test are generally conducted. In this phase, thermal logging and transmissibility tests were
carried out 35 fwo of the most important tests.

Thermal logging especially is the most important for the reservoir evaluation for the
detection of the penmeable zone or the fractured zone, the analysis of thesmal change and the

“estimation of the productive steam guantity of the reservoir.

By conducting thermal logging during the drilling of well and evaluwating the resuits,
ac¢idents can be aveided and the probable depth of production casing pipe can be planned
and defermined. .

Furthermore by compiling the geothermal data of several survey wells, the potential
size of the reservoir and the distribution of the dominant geothermal resources can be studied.

- To interpret the productivity of the reservoir and lo estimate the flow rate of geother-
mal fluid, a transmissibility test was carried out.

The instruments used for the logeing is called “Kustes” with Amesada type thesmo-
meter and pressuré gauge. In this thermomeler certain solution is enclosed in a thermo-
sensor whose expansive powéx proportional with temperature change is automatically secorded
on a charl. ,

Thermometer : KTB Temperature Elenient No. 10004

(KUSTER COMPANY, US.A.)

Manomeler  : KPG Pressure Element No, 10201

(KUSTER COMPANY, US5.A)

Winch : : Gil pressure type C.A. Mathey F.H. 1210/12
_ {MACHINE WORKS INC,US.A)
Cable : Stainless Wire d 2.08 mm

Chast Reader

Type S.G. 250-1
(HILGER WATTS, ENGLAND)

Amerada type thermometer of KUSTER is ornginally designed for infermittent
measwement at a certain depth. But the temperature gradient of the well was continuously
measured by moving down a probe at a velocity of less than 10 m/min.

4-2 Thermal Logzing 7

Thermal logging was carried out four times al depths of 400 m, 600 m, §00 m and
1,150 m respectively. '

In the first thiee loggings, circulating fluid was mud. In the Jast logging the hole was
cleaned by river waler after insfallation of slolted pipes. The temperatures of recovery were
measured for five days after the circulation has ceased,
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Table HI-4—-1 Logged Temperature of Well No. 6

Logging No. 1 A= § li—2_ ni-4 Ht-2 -3
Loggeg CuneNo. | (1) @ € OF ® ®
Date 2jocs980 | imoviiosd  |amovisso | 1smvovsioso  [1sposiseo’ |16/movisse
Drilling Bepth (m) 4630 6530 10 814. 814.5 8145
Standirg Time (bour) | . 144:03 £:30 23:40 7:30 . 1630 A 371_:00 .
CQirmbaton Water Bentonitz Mud | Bentonite Mud | Beatorite Mudl Beatorite Mud |Bentonite Mud | Bentonite Med
Water le\:el(m)_ ' 730 ’ 0 70 0 0 0
Water Lé.ﬂr'emp.("c) Nodata Nodila Nodita Nodata 18.0 250
Depih Teor ) o) o €0 O - €0 0
" Om No_dau No data - No dats Nodita - No dita
Hm Nodata 449 - Nodiata V No dats No drah.
100 439 480 41 444 455 439
150 432 439 4338 468 509 493
200m s1.7 507 s 519 546 -$3.5
250m 522 sk 533 535 569 $6.0
I 30 m 603 518 56.3: | 513 603 59.1
350m s34 . 810 614 €48 65.2
400 @ 54.4 59.7 643 §9.3 110
450 55.6 fo3__ 654 13 16.1
500 m 578 7.2 2.1 8.1 827
550 m 585 319 . 76.2 8s.1 88.3
€0 598 939 7.2 580 934
€50 m 603 11.2 841 933 1032
00 ;m $0.5 032 , 1094
350m 958 1134 1163
$0m 114.5 1328 18
Remark
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Table Hl-4-1 Logged Temperature of Well No. 6

Logging No, 1Y -1 1v-2 Iv-3 V-4 tV-S§ v-1
Eogging Curve No. Q) ©) ‘ @D @
Date 21{Nov[1380 | 28/Novf1980 | 29/Nov[i980 | 30/NuvfI380 | 1/Dec/ig20 4]Decf1980
Diitticg Depth (n) 1,157.0 1,157.0 11570 1,151.0 1,1570 1,151.0
Standirg Fime (hour) 16:10 23.00 43:00 72:00 96:00 -
Cxculalion Waler Cool waler Cool witer Cool waler Cool wale Cool water Cool waler
Water Level (m) 0 0 oS 15 20 -
Water Leve} Tem ;i.c’o' 14.0 19.0 2.0 200 no ~
Depth T e €0 o 0 0 co
Om Nadata Nodala Nodsta No dzia Nodala -
$0m 438 Nodals Nodala Nodata 438 -
100 m 49.2 453 4318 440 46.6 -
150 m S4.4 456 521 543 524 -
200 57.3 516 5.3 51.0 569 -
250m 0.1 62.4 0.2 61s 610 -
300m £5.4 67.9 648 654 669 -
350m 1.3 725 .1 721 4.7 -
400 m 711 8.3 - 713 98 818 -
450 81.3 83s 83.7 8.9 &§i.5 -
00 m £6.9 £9.1 908 933 948 -
550 m 904 945 965 998 929 -
&00 349 9.6 1023 1063 1033 -]
£50m 92.1 102.9 K 11EX] 117.8 122
700 m 105.1 1127 117.2 120.6 1244 335
750m 103.5 1156 1231 1264 193 1038
§00 @ 1126 114 12.1 1317 1356 109.1
850 m 1172.3 125.3 1318 1358 1.0 1102
90 m 120.7 130.7 1188 1432 145.3 1121
950 m 12).7 135.2 1422 142.3 153.0 121
1,000 122.9 13,5 1421 1521 155.8 1129
1,650 1329 145.7 152.2 157.4 162.4 H2s
LI10Om 1336 1518 159.2 1832 1572 1358
LI50m 1481 1589 1655 169.3 1715 1468
Remuk
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Table H-4--2 - Anatized Reservoir Temperature

Measures I 1) -!Il iV‘
Dépth {m)
100 44 39 . 40 45
200 52 .53 53 57
300 60 . 67 64 70
400 170 %0 %0
500 100 106 105
600 22 T YT
700 139 140
800" 161 155
900 - 165
1000 170
1100 176
1150 179
* 1 Depth of Drilling 463 0m
H b 653.0:’1!
mo » 8145m -
v ” 1,157.0m
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Fig. I-4-1 LOGGED TEMPERATURE OF WELL NO.6
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Fig. [-4-2
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The measured conditions and the results are shown in Tables 11-4—1 and Figure
H-4-1.0~ O

Theotetical freservoir temperature of each depth were calculated from those data by
using equations. _ .
The basic data and the calculated reseivoir temperature for each depth are shown

in Table 1E-4-2 and Fig. 11-4--2 respeciively.

 The reservoir temperatures produced by this calculation are aboul 130°C at 650 m
after installation of production casing and about 180°C boltom holc temperature at 1,150 m
depth, o ' o
' The temperature suggests the {lushing of the geothermal fluid with sufficient fracture
‘or permeable zone under enough pressure difference. :
' Measured thennal gradient shows almeost linear from the surface to the botltom of the
well indicating no mud loss during drilling. ‘The thermal gradient shallower than 800 m is
‘about 1.5°C/10 m and deeper than 800 m is about 0.7°C/10 m, which is stightly less than the
‘shallower zone as in normal case.
: Theemal logging resulls conducted after lransmissibility test are shown in Fig I1-4—-1,02.
“The thermal curve shows comparalively low lemperature between depths of 800 and 850 m.
It is dué Lo the cold watler admixture into the zone as logging was conducted after only S hours
-of pumping éo!d water under high pressure.
: - Same low lemperature changes although not as marked as the abovementioned zone
“are seen around 730 m and 950 m depths indicating also the admixture of cold water into the

Zone.

After the survey team reiumed to Yapan, however, CORFO repeatedly conducted
temperature logging using heir own apparatus, as shown in Fig. §J1-4-1 (¥-13, T-15.).
Result of measurement showed that the botlom temperature of the well confirmed to be
2010C after one month drill work ceased.

_ The temperature gradienl belween 550 m depth and bollom hole was also calculated
to be 0.9°C/10 m.

4-3  Transmissibility Test

During drilling, mud circutation loss which suggest the conduil of geothermal fluid into
the well was not observed. There is a possibilily, however, that mud water must have clogged
the fine cracks and fissures located near the well. Expecling the fracture effect, cold water was
pumped inlo the wel under high pressure condition. The pump used for the test was NSCO,
IDEAL, C-250.

The transmissibility test was carried out twice, on December st and December 4th.
TAbl 11-4-3 and Fizg. 11-4-3, 4 show the result of the test. The maximum load pressure at
well head was 22.6 kgfem2. The apparent injection index was delermined lo average 4.1 m3/
h_fkgfcnﬂ, ranging from maximum of 5.7 to minimum of 2.3. From the Drawdown curve, the
permeability of the fissure was calculated.
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Table

1-4-3 Welthead Pressure and Injection Rate

: * Wellhead | Injection | ** Injection
No. Date Time pressure volume Rate
V-1 21 [ 1fDec | 16:10— 16:40 180 Kefom? _19.2_Sm3 33.5m3n1 |
v-1 P2 16:40 — 17:10 225 495 899
V_i P-3 17:10 - 17:25 75 450 180
17:25 — 17:49 | *+* DD No. 1
V-2 P-4 17:40 — 18:05 180 wn | s
V-2 P-5 18:05 — 18:25 7.5 557 167
V-2 P-6 1825 — 18:45 256 2997 899 |
18:5 — 19:40 | *#* D.D.No. 2
V-3 P-7 |4/Dec | 10:5011:40 143 6115 813
11:40 — 14:00 } *4* D.D.No. 3

*  Wellhead preseure is measured by pressure gauge

*+  [njection rate is measurzd by stroke number of the Pump

*4+ D D.isDrow Down Cunve measurement
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Test - Transmissibility m2fh

1 1.46
L : 1.00
CHL 03

The waler table of the aquiler stabilized 20 minutes after the termination of water
pumping into the well. No pressure change was observed by pressure gauge even after 2 houss.

The water level therefore of the aquifer is considered (o be over about 100 m higher
than the height of the well head as shown below:

Estimated waler

Test Depth of the Thearetical Stable Pres.wre_ , fevel (above the
Pressure gauge Pressure after compression well  head)

1 =‘200m 20 kgfein? 39.8 kgfem? 198 m

1t —200m 20 kgfcm? 41.1 kgfem? 211 m

(] 494 T 47 b kglem2 - 588kefem? 117m

Although the injection index of the crack is quite good and water level of the aquifer
is higher than the well head, there was no mud circulation toss and no flow of geothermal fluid
from the well. The reasons for this phenomena are:

Mud wates healed the cracks of the reservoir. Specific gravity of mud water used for
the drilling was 1.06 (o 1.09. Pressure of mud water pillar pressure is balanced with reservoir
pressure. S '
Assumed water level at the site of Well No. & is the same or little bit higher than that
of Well No. 1 to No. 5 as confirmed previously. This indicates that the geothermal fluid near
Well No.6 is under the geopressured ¢ondition. Accordingly, geothermal fluid autosnatically
flowed out from the well as stated in Chaptes 2--3.

After survey team refurned to Japan, the injection test was also carried out by CARFO.
According to their information on the fransmissibility tesl, pumping waler was initially
swallowed into the formation through the fissures, with same figure as stated. However,
injection rate decreased with time,

When the main valve was opened, geothermal fluid flowed oul instantaneously from
the wellhead. Flushing of geothermal fluid was no Ionger continuous after injected water
flowad out.

From the fact, it was confirmed thal the fissures created by stimulation test was not
permeable.
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4—-4  Physical Characteristics

Density, porosity and resistivity of core samples from well No. 6 have been measured,
as shown in Table 11-4-4. :

Range of the densily is 1.96 (0 2.59, and generally the density of iﬁfl‘ breccia is lower
that of lava and dyke. The porositly take a range 2.29% to 30.12%. The résistivity of andesite
and andesitic welded (uff is about 3 x 103 §2m, and that of dacitic welded tuff, tuff and tuff
brecciais about 1 x 102 §-m, '

Rock samples were collected in 1978 and 1980 each and Res:slmty, densny and porosﬂy of
. the rock samples are as follows,

PHYSICAL PROPERTIES

Rock Type ) Resistivity Density -~ Porosily
o i {2 —m) : (g}cm3) (%)

 Andesite (Quaternary) ' (1.210.2)x103 2.5010.10 6.561L.5
- Andesite (Tertiary) . (3.210.8)x103  2.5410.1  6.46%20
: Andesitic Welded Tuff (Quaternary)  (0.4:0.2)x103  2.40:0.1  6.70%1.0
Dacitic Ignimbrite (Tettiary) (1.5:0.8)x102  2.25:0.15 16,1 2.5
Dacitic Tuff (Quaternary) (0.8t0.3)x102  2.1240.1 . 24.4 50
Andesitic Tuff (Cretaceous) - - (1.330.5)x102 . 2.3910.05 142 130

- Compiled data of geologic column, geophysical characteristics of core samples and geo-
electrical column of Line A and D shows as follows: - P
1) Upper electrical layer coresponds to the Quaternary andesite fava. .
3] Middi¢ electrical Jayer corresponds Lo the Tertiary pyroclastic formation, containing
geothermal fluid with high tempezatare and satinily.
) Lower ¢lectsical Yayer carrésponds to the andesite lava of Churicollo formation,
Electrical survey analysis, above mentioned before, is supported by this resull.
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Table I-4-4 Resistivily of Rock Sample of Well No. 6

OCepth G2olege Column Sample Ko Resistanly | Censity  [Poccsity Resistivity Column lnf)__
o 8 Formolion gepthim)  [tN-m/20%C [ grem®) | (%) fLee AHo70  Lire D 090
" | s Hecctende - g |8
S Andesite kovo | o |
o 4
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200 Al T temElecostedl- 3 190 1,350 259 | 229
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N B: 5 245 265
al &
o B — & 280 5%
_ A‘ .g - 7 te7
iy = -t
NE
~l g -8 350 60
~ 1 e - a 310
Fal
00— | | 1[ . 10 403 1825
i -3 430
* v Dot Putacz s
Gl oo vt g 12 460 295 .56 | 30.12
& 2 roff B
500 — ." 2= 33 4%0
| "~ }I’_ — 14 520 32
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90— | .} 5%
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“Chapter 5. Summary

The summary of the im"esli,galion on Welt No. 6 is as follows:

The age of geologic formation of the geothermal reservoir in the area is Tertiary and
Cretaceous. '

The well was driiled down to 1,157 m deep.

The boltom temperature of the well is 180°C, however, temperature giadient of the
hole is stifl increasing at 1,157 m.

Water level of the aquifer around the drill site is about 100 m higher than the elevation
of the welthead,

Production casing was set down to 650 m deep. The temperature at 650 m depth was
130°C but this was not high enough for the installation of casing pipes.

During the dsilling work, no mud cizeulation loss was observed, however, cracks or
fissures were created by pumping high pressure water at 825 m depih.

Injection index of the fissure cieated by the pump test was 4 m3fhfkgfem2.
Geothermal fluid flowed out instantaneously from the wellhead when the main valve -
was opened. Quantity of steam and waler was visually measured to be 5 tons and

40 m3 per hour respectively.

PH value of the hol effluent was neufral.

Gushing of geothermal fluid, however, was no longer continuous but inlermitient
after one hour flushing because of insufficiency of geothermal fluid.

In order to accelerate flushing, air Bift test was conducted but unfortunately, no ther-
mal fluid Nowed cut. The water level of the well did not recover fast enough to the
previous level one day after the test.

Presumably fine cracks and fissures, the sovrces of geothermal fluid, were clogged by
solidified mud or some other reason after subjected unders high tempesatuie condilion.
Compared with the wells No. 1 to No. 5, the temperature of Well No. 6 has the highest
boltom hole temperature. The temperature gradient profiles of Well No. | to No. 5 ali
showed reverse cueves near the bottom of the wells. In contrast, Well No. 6 did not
have a temperature reversal and therefore, the well seems to be a good one. The well
should be dritled deeper for further investigation.

According o the information from CORFO, temperature logging and stimulation lest
were conducted after survey leam left for Japan. They confirmed that bottom hole
temperature rose over 200°C, with good temperature giadienl and production zone
was acluatly impermiable.

Considering the above, the high temperature reservoir in the area for the power geneia-

tion would be sited deeper than 1000 m depth. The production zone in Well No. 6 scemed to
be about 800 m deep and its leimperature was measured to be 160°C. The ratio of sleam and
water was § ; 8. The high temperalure zone oves 200°C would be around 1500 m deep or
over on the basis of the thesmal gradient profite of Well No. 6. And in order to prevent cold
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waler seepage from fhe shallower deplths, more production casing must be programmed,

The siting of drill-hole with a view of gétiihg permeable zones §s perthaps the most
difficult problem posed for the ggolherm-al scientists as failures can indeed be very costly.
Even less than 2 rom cracks or fissures can give genégdus flows of effluent for production wells
and hence great care must be taken when drilting in order 1o avoid the loss of rock perme-
ability,
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GENERALIZED COLUMNAR SECTION, WELL NO.6

Fig. II-5-1
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