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IT-5 Well test

Downhole temperature and pressure under the  dynamic state,
namely the condetion of producing fluids‘from the wells, .were
measured on wells PR-1 and PR-8 from which steam blow out.

{1) Method and condition of measurement

The well.tests conducted on wells PR-1 and PR¥8 were to measure
the temperature and pressure distribution in wellbdfé while.prOF
ducing ‘the fluid, with reSpecf to flow values set by adjusting
well-heat value. The test must be done under pressurized condi-
tion of well-head. Insertion and removal of instruments into and
from wellbone should, theréfofe, ‘be made through a lﬁbricator.'
The equipments used are Kuster thermomefer and manometer con-~
nected with stainless wire of 5mm diameter.

In case of PR-1, judging from discharge éonditidn from a 3
bread valve located under the main valve, both the pérmability
and the fluid temperature were expected to be verf high._ As a
result, 3 measurements wére'carried cut using fldw parameters -as
shown in Table 7 under consideration of insertion possibility of
equipment, The first test was carriéd out under flow adjustmént
by 3 orifice and wunder full opening of 2nd valve. = At that
test, because of high flow and dryness rate, the fluid .velocity
in 4 1/2" casing became too high entraining a difficulty of
apparatué insertion into the depfh more than 1,150 m. Measure-
ment was stopped at that dépth. The second test was a simul£a~
neous measurement of temperatuare and pressure by using 2"
orifice, and the third test was a pressure measurement with

orifice of 2 1/2"% opening diameter.
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Géothermal _fluid.ffom PR-8 was directly discharged into the
atmOsphere_ Qithoﬁt separator (stean, water) . Accordingly,
méasureméht'was carried out only under this flow condition (Table
"8)

(2) Results of PR-1 test

Table 92 and Fig. 40 show the temperature and the pressure in
PR-1 wellbore. Based 6n these results, considerations on the
wellbore condition of PR-1 are as fqllows.

(i) Relation between temperature and pressure shows a
nearly. saturated condition at each depth throughout
fhe whole deth, fofming thus two-phase flash flow
entirely.in the wellbore;

{1i)  Fluid temperature reaches a verf high value of 299 T
at 1;800 m near the bottom. Since the formation
temperature reached 304-305 C (according to C.F.E.)
under a static conditioﬁ.at the same depth, the
fluids appear to flow into the wellbore after
flashing in the formation surrounding the well.

(iii) Concerning the change in pressure gradient between
1,400 and 1,450m, there might .be 2 different
conceptions as follows:

First Conception is that fhe fluids are, after flashing in
the formation, -flowing into the annulus between the wall (7"¢.)
ahdr_fhe pierced casing pipe and into the wellbore itself in-
'debendenfly, and then they beccome one flow at the depth of <ca
1,440m'abqve which no ﬁiérced pipe exists more.

Another thinking is based upon a joining of fluids from
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former lost «circulation fracture at 1,440m which Tseems. ta' be
still opén:even after clogging by cement. .At the fhird-measufe-
ment, the apparatus mdﬁéd smoothly down”in thé 4 1/2" caéing
pipe as far as 1,420m.' Howevef,_wire téension was looéenéd_there_
after and further insertiOn was impossible even wheﬁrthe desceﬁt
velocity was changed. As a result, attempts'havekbeen'made.'by.
throttling the fully opened 2nd valve and increasing the descent
velocity to pass the.poinf. The attgmpté were suCcéssful and the
wire reached tﬁe bdtfom after turniﬁg back the valve. Adcox&ing
to the casing progranm, piercéd pipes had ihstailed starﬁing from
the point of 1,440m. The'latter conception'éeems to be accept-
able from the'abové experience.

(iv) Although the inflow‘point of fiuids was. not confirméd
by the test, it must be any.how infthé viéinity of
the bottom where lost cifculation occurred during
drilling. There must be a littlé.water:columh.ét the
bottom of the wellbore-(déeper_than the inflow point)
according to contamination of the drawn up appafatus.

{3) Results of PR-8 test

Table 10 and'Fig. 41 show results of PR-8 measuremenf. The
following are the summary of weil conditions based on the re-
sults.

(i) Temperatures and pressures at each.deﬁth are in a

saturated relation from the wellheaa upto 1,750m-_és
ultimate descent of the apparatﬁs. Accordingly, the
flow condition in the welibore should be a fléshed'two;

phase similar to PR-1,
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(ii} The fluid temﬁerature is 231 °C and the pressure is
30.7'kg/cm2 G at 1,750m. In é static condition, the
temperéture' is more than 270 € and the pressure is
much higher than the above value (results by C.F.E.).
This.-suggests that the fluids flow into the wellbore
after flashing in the surrounding formation.

(iii) Because. the apparatug could not go down beyond 1,750m,
. ca. 100m of a bﬁrried'layer might be expected.
~{4) Calculation of transmissivility

From - the results of pressure measurement in PR-1 and PR-8,
calculations Qf transmissibility on the surrouﬁding formation
have been.carried out.

As mentioned above, the fluids from PR~1 and PR-8 are likely
to flash in the formation, i.e. they are under two-phase flow
condition. However, 1in case of the wells PR-1 and PR-8, the
volume ratio of the steam to water is sufficiently high in the
formatibn. 'Fﬁrthér, the pressure léss caused by flow in the
fomration is mainly related with the voluminal flow. As a result,
a. equafion of gas-phase flow has been épplied for approximative

_calculation of transmissibility. Under the assumption of an
adiabatic .prbcess at phase transformation, equation of radial
flow of:gaSnphése can be expreésed as under:

2xkhr, (Pé"?‘“ - P, )

G = s nnesedE AL LRI LA AL R AR RRL AL EEE TR (1)
{14 mYp b, ryop

whefe G: steam flow rate ' kg/s

P,.: reservoi:-pressure at inflow depth kg/m?
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‘P,: pressure in wellbore at inflow depth o kg/m?

kh: transmissibility o m?

ke perméabilitf ’ _ : ' - om?

h: effective thickness ' 'm 
Tw: specific weight of £luid ' kg/m?
#,: viscosity coefficient of fluid - | kgs/m?
r,: radius of inflﬁence'area - m

'w: radius of well | o m

m: Polytrope index (saturated steam: 1.135)
According td'equation (1), +transmissibility can be calculated by
equation (2) as under

h_(l-}—m)GleLnre/rw P

P N P IO (2)'

2"Tw Pe]‘i‘m ___Pw]‘fm

Putting - the values from the twice measurements 'while producing

the fluid in the eguation:

y (14+m) L, r, /1t (G;lepwlm Géﬂwzpwzm) |

- 2 ( Pw2]+m _Pw11+m)

3)
PR Y Twe .

_ For determination of éteam flows at fhe. inflow zﬁoint,
converted values are applied under the assuhption of iéo-emthalpy
transformation for flow in the weilbore én thez basis éf’”fiow
condition at well-head or in-line.

Table 11 and 12 show terms of éélCulatiOn. fTable‘lS.shows
the results éf.calculatiOn; "Equation {3} is used for PR-1 .and

equation (2) for PR-8. As shown in Table 13, the permcability of

— 116 —



the f;écture at:PR-l is higher than that at PR-8, However, if
regérded.as.absolute Valué, the transmissibility being less than
1 darcyem, tﬁey cannﬁot be judgéd to be good. In particular at
PR-8, the _féét that the.apparatus could not go down more at
ca.lOOm'éboveffhe bottom (poséibly burried} suggests a reduction
in pérméability. .In_spite of such moderate permeability at both

PR-1 and PR-8, Very'pOWérful steams are produced. It might be

~attributed to the high fluid temperature.



© PR-1

_ Temperature (°C)
Bit Casing

progran 160 180 200 220 240, 260 280 300 320
. T T e
1 | A g l - -IV -1 1711 g - {141 -
3 _f_‘_ _.-.- il , ‘ fi .~: _
200 i .
%" | I
4{f. Press HHEHHEE oo
idah/ e ATk
HHEH ]
- 00 it
it
ikt
1] 1
600 m c00 ' |
600 1
| (Ul
7 "¢ 800 =
| i i
1000 E? H
= 1 3
1100 ;|- - 2 J
: <1 ‘
= : ] 1‘ i .
E) sl i
- e 200 : E
. l {HTE: (]) 7 \
% 13 2 ] e
1409 i
1400 m ;
P : \
Ly ! ' ’ ¢
. 1 | HHY
— L 1600
P f
| \ il
1 1 HiE
It i ‘ ()
I} 4 1800 i
T 3 : HH J
1818m T (3) 1l (2) |
2000
2200

0 20 40 60 8 100 120 140 :'160 |
pressure {kg/cmZG) _
Flg 40. Downhole temperature and- pressure curves.

of PR—1 in the productive condition.
' ~ 118 -



PR-8

Temperature (°C)

Bit  casing 100 120 140 160 180 200 220 240 260
program _

" .
O-rITreT

R BT

[1]3

2004

00-

600

2 et

800

1008

1209

(w} uadag
-

1351 m

1
1

1400

1 I
1 7% 1
' !
I i 1600
b i
| ! : HiH
! A 1760 m
41 ¥ - i ﬁ_
[
1850 mi' {
~ 7000
2200

0 10 20 30 - 40 50 60 70 &0
o _ _ Pressure (kg/cm*G)
Fig. 41. Downhole temperature and pressure curves

of PR-8 in the productive condition
~119—



Tabie 7. Situation

of the well test for PR—1

Measurement | Well head Well head Flow rate Quality
: condition | - pressure at atmosphere
(1) temperature 3"¢ orifice 28 kg/cm?6 | Gs = 53 t/h 0.31
' 2nd valve: Gw = 51 |
full open G =104 -
.' at atmosphere’ _
(2)  temperature | 2"¢ orifice | 42 kg/cw®G | Gs = 43 t/h S 0.25
pressure 2nd valve: 1 Gw = 40
' full open G =83
% - at line press.
(3) pressure 25 orifice| 36 kg/cm®G| Gs = 50 t/h 0.27
Znd valve: | 6w =47 '
full open = 97
at line press.

Table 8. Situation of the well test for PR-8

Well head

Measurement Well head Flow rate Quality
condition pressure at atmosphere
(1) dunmy 2nd valve: | 7 kg/em® | Gs = 45 t/h | 0.20
temperature | full open Gw = 60 -
' G = 105
at atmosphere
(2) temperature . ' _
idem. idem, idem. idem.

and pressure
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Table ©. Results of measurement for PR-1

Date 7. Feb. 1986 8. Feb, 1986 10. Feb. 1986
Well depth 1818 m
Well head 3" orifice 2% orifice 25 "% orifice
condition '
Well head 28 kg/cn’G 4.5 43 36
_ pressure .
Depth {(m) Temperature(°C) Tenp. Pressure{kg/cm? Press.
20 228 249 42.2 34,1
100 231 251 44.0 35.0
200 233 253 45.7 36.0
300 235 255 47.3 37.0
400 237 257 48.9 38.1
500 239 259 50.4 39,1
600 241 261 52,1 40.2
700 243 263 54,2 42.1
800 245 266 56.3 442
900 249 268 58.4 46.3
1000 252 270 60.7 48.4
1100 254 273 62.9 50.4
1160 257
1200 277 67.2 - 55.3
1300 281 71.5 60.5
1400 285 75.8 65.6
1500 291 82.7 76.4
1600 294 85.9 79.1
1700 296 89.2 81.8
1800 299 92.5 84.8
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Table 10, Rés'U'!'fs of méas.'_lj'r'emen_f_'.fo_rr'_PfR--'S._'

Date | 30. Jan. 1986 | 3. Jan. 1986
__Well depth R 1861 m RO

Well head . 2nd valve: - . | 2nd valve:r. |
condition full open A ~ full open

Well head 7.0 kg/em2e - | . 7.0
pressure L T

Depth {m) - _ Temperature(°C) | -“Térﬁp';w"PreS-ét_jre(kQ/cm2

20 S Te7 86 7
100 om o | e
200 174 | 173 8.4
300 | 77 e 9.4
400 180 | 179 1001
500 S 182 10,
600 18 | 18 1.
700 : 188 188 .12,
800 191 191 13,
900 RS ['7 R 194 14,
1000 198 S o191 s,
1100 201 1200 0 s,
1200 205 o208 7.
1300 208 o208 19,
1400 212 21t ¢ 20,
1500 219 . 218 23,8
1600 22 | 224 . 26.8
1700 229 1 228 292
1750 231 231 . 30.7

U G W W A e

o
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Table 11, LiSt'qf.barmnefers used in calculation
. ~ of kh for PR—1

Ist step - 2nd step
well head-press. _ - well head press.
42 kg/cm*G 36 kg/cm®G
total flow rate total flow rate
: 83 t/h : 87 t/h
Pressure at feed point 925 84.8
P kqg/em®G '
Steam flow rate at o
”féed point. 20.4 26.5
& t/h
Specific gravity. of | :
fluid at feed point 9.9 . | 45.1
oy, kamt
Viscosity coefficient _
~of fluid at feed point 2 18'x 10" 215 % 10°
w,  kgs/m?
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Table 12. List of parameters used fn'baiculatiOn_
| of kh for PR-8 | -

Static test

Productioh'tesﬁi
well head press. |

of fluid at feed point

2
B, kgs/m

7 kg/cm?G
total flow rate
105 t/h
Pressure at feed point 123 ' 30.7'
Pw - kg/cm?G ' :
Steam flow rate at :
feed point — 21.5
6. t/h :
‘Specific gravity of N
fluid at feed point — 15.6
Y,  ko/m?
Viscosity coefficient

6
_ ]g82 x 10

Table 13. Results of calculation of kh

Well “kh {m?)
1y
=13
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I1I~6. Comprehensive analysis on geothermal reservoir
(1) Strécture'of géothermal réservoir

it céuld be concluded that NE-SW oriented fractures
dominaﬁing in shallow.SubSurface extend.up to the depth of 'about
' 1;000m,-wh11é fractures_éXistiﬁg at deeper than 1,000m show NE-SE
diieétion; . Thié fracture systém waé formed by resurgent uplift
occurred after depressionfof Sierra La Primavera Caldera and it
became c¢lear that.the center of uplift i$ located near PR-1 and.
PR-8. Geothermal mahifestations such as fumarcoles and .roék

'altération ‘zonhes are distributed along fractures with NE-SW
direction.
- On the other hand, iost circulations during drilling of PR-1 and
PR-8 are caused by encountef to.the deep seated fracture with NW-
" SE direction. |
| _Ther upflow- zone of high tempgrature_ fluid is recognized
between PR-1 and.PR~8, judging from the'?rofile of underground
,temperéture  obtained from well test and-fluid ‘inclusion. = The
ascending deep hot water is diluted by underground water reserved
in 'fréétures with NE—SW_diréctiQn in flowing from PR-1 to PR-4
fhrough PR-8 .and ?R—S, " Hot water of PR-2 is considered to be
derived from_anoﬁher separated reservoir.

From the faét'mentidned'above, it can be séid that both  the
7ﬁpliftéd..zone_ and upflow:zbne'are existed near PR-1 - and PR—S,
forﬁing vertical fracturé'type_geothermal reservoir. This 1is
also supporféd'byuthe.electrical sﬁrVey result (MT method) that
thér lowrresistiVity zoné_extends to deep subsﬁrface at southern

part of:PRfB'(sbundingrstation 18}.
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(2) Extent of geothérmai reservoir

Extent of geothermal reservoir in_this area is eétiﬁated as
follows: |

PR-9 1oca£ed about 300m.wé$t of PR-1 which has temperature

of 305°%C at depth of 1,800m was drilled to 2,986m in~dépth and

reached the "basement rocks". However)'the-hole temperature did
not rise up above 240°C and encouﬁteriﬂg no significant
circulation losses. Then, PR-10 was drilled up to 1,250m on the

location of about 600m north of PR—B, showing maximum hole
temperature of 144 . _Theée facts suggést that geothermal fluid
is reserved only in vértical:fractureé_and nb_ high teﬁperature
nor vrock permeability can- be obtainable . at outside .of“vthe
fracture zone becéuse of ‘vertical fracture type -geothermal
reservoir.

Fig. 42 shows the degp?fracture'zone“ with ﬁWfSE trend
related to £he upflow zone and'the shallbw:fracture:Sysfém :With'
NE-SE trend, based on £he analygis_SO far obtaihéd.f The 'dgep
fractures with NW-SE trend, although not clear on fhe  sﬁrface,
are evident from the MT method results, while the  shalloW
fractures with NE-SW trend are. supported. by existence' ~of
hydrothermai rock alteration and so on; | ﬁecause of dilution of
hot fluid with surface water, it is doubt ful whethér-thé-éhéllow
fractures produce steams with high entﬁalpy. | |

It is concluded that geothermal-develdpmént. will not be
feagible at Oufside area of the_fracture.zone, .sincé geothérmal

reservoir is characterized by vertical fracture in this area. -
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III. Proposal for the work plan of next stage

Geologicél, geochemical, gfavimetric and electrical (MT
method) surveys and well testing, in éddition to review of the
data on thé exploration wells, have been carried out in FY 1985.
From the results of comprehensive analysis of data, it hasg become
clear that the geothermal reservoir in La Primavera is controlled
by location of an uplifted zone which plays a role as an upflow
zone of geothermal fluid with high fluid temperature.

According to the scope of work of +the Project, it is
scheduled that three heat holes of 750m in depth will be drilled
by C.F.E. in FY 1986. However, for the following reasons, it is
better to change the work plén in FY 1986 to drill one
exploration well of about 2,000m in depth in exchange of drilling
of three heat holes.

1. According to the investigation in FY 1985, the upflow
zone and the distribution of underground temperature
are now clarified.

2, Seven wells (600~3,000m in depth) had already been
drilled by C.F.E, and the thermal extention is already
known.

3. Because of thick sedimentation of Tala Tuff up to about
700m depth which caused frequent lost circulations, it
would take for long time to drill through the
formation.

So  that, it is more important for collecting useful data to
evaluate the geothermal reservoir that a new deep well would

rather be drilled toward the upflow zone than drilling of heat
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holes.
Another exploration well will be dfilled by JICA study:'team-

in the manner of directional drilling in FY 1987.
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III.~1. Purpose of drilling of éxploration-wells

| Up to the pfeéent, only tﬁo exploration wells (PR-1 and PR~
8) were- drilied.through_the.upflow.zone in which fracture well
'develop, bﬁt _other _exploration’Wells'(PR~2,5,9 and 10) were
'loCated.at_outside of the qulow'zone. In order to determine the
.optimum output .of- the planned péwer station by delineating
geOthérmal reservoir, it is necessary to evaluate the potentiél
of.upflow zone. The purpose of drilling of exploration wells is
to Qollect usefﬁl data of tﬁe upfldw. zone to estimate the

geothermal reservoir.

III-2. Reasons for séléction_of targets

For this putpéée, - two targets; points A and B shéwn _in
Fig.43, Qefe selected fdr eXploration wells which will be.drilled
on and aftef FY 1986, Eaéh target ﬁust be a point necessary for
'detefminiﬁg- the ektent of deveioping area and the output of the
piaﬁned geotherﬁal_'power statibn- by using the data of two
é#plofation wells in_addition.to PR-1 and PR-8.
| Thé reason that A and B boints were selected is shown as
follows: |
Both poinfs A and B are

(1) .Necessafy points to detect the extént. of geothermal

reservolir
(2) Located ofzan upflow zone

(3)  L¢cated on possibie deep seated ffactures
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Point A is

(1) Located on hbfét'estimated from the distribution of
surface faults.(Fig. 3).,
(2}.Located on tensional fracture concentrated zone obtained
from tensioﬁal fractﬁre distribution'map on the surface
.(Fig. 5).

Point B is

(1)  Located on low :resistivity'zone'_extending vertically

near the station 18 found by MT method.

{2) Located on én.anticliﬁal bending axis restofed by the
stress field (Fig. 4) |

(3} Located on maximuh upheavél zone of giant pumice bed

As to selection of the targets for drilling of _exbloration
wells, C.F.E. has accepted the mefhod of aiming at s?ecific
faults which are only recognized'ét'thé surface and'aré exténded'
to the subsurface without physical conéideratioﬁ.  This method
is valied in the case of having large throw of fault and
- homogeneous formation from the surface to the deepér subsurfacé.
However, in Sierra La Primavera the subéurfaée .geolégy ié
differént from the surface geology in thé orientationjof-frécfure
and fracture characteristics. Moreover, the fracture béhavior is
easily c¢hangeable in high témperatufe and-high éreésute a£ 'tﬁe.
subsur face (see References). Therefore, it ié better tc,seléct
the targets by comprehensive aﬁalysis 0£ various éurveys with a
considefétion of deep seatéd fracture than by making: a éreat
point of only surface geology.

Point A has about 200m distance_away from PR-1 and about
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250m . from_PR—S,._while'point B has about 300m distance away from
PR-1 _and abéut 270m from PR-8. However, it has no problem on
scrambling of fluid amoné_préductioﬁ wells because both A and B
points are inside _thé upflow zone where exXcellent geothermal

fluids are provided from the deeper subsurface.

iIIQB. Survey plan of drilling of exploration wells

'it is scheduled that point A is Drilled by C.F.E. in FY 1968
and .ﬁoint:B is drilled by JICA in FY 1969. We call tentatively
.pbint A PR-11 and point B PR-12, showing well layout in Fig. 44
and undertaking for_wells_in Table 14 respectively.

As to the'drilling of PR—12 well, the following method may
be proposed;
1) véftical drilliﬁg,at newly prepared drilling site
2) Side—traCkingrof PR-5 or R~9 well |
3) controlled directional drilling from the platform of PR-8

| well.

The final decision about which methdd is employed will

be done after the analysis of the result of the drilling of PR-

i1 well.
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CONCISE SUMMARY

Geclogical, geochemical,  gravimetric and electrical (MT
method) surveys and well testing havé been carried out in Sierra
La Premavera 1in FY 1985, From the results of comprehensive
analysis of data, it has become clear that the fractures up to
about 1,000 deep consist mainly of the NE-SE trend normal fault
system which is consistent with the NE-SW structure obtained from
hydrothermal rock alteration, mercury concentration in soil,
relation of the enthaléy with C1l -concentration and gravimetric
survey. Cn the contrary, the fracture pattern for depth more
than 1,000m has been assumed to be high angle extensional
fractures with NW-SE trend, based on the structural analysis of
the "basement rocks" and Tertiary System and on the orientation
of low resistivity zone by an electrical survey (MT method). The
fracture system 1is formed by resurgent uplift after Sierra La
Primavera Calaera forming, and the center of uplift is located
near PR-1 and PR-8 wells.

A high temperature upflow zone is situated in the wvicinity
of PR~1 and PR-8, judging from the results of downhole
temperature measurements, minimum homogenization temperature of
fluid inclusion and chemical composition of wellbore fluid.

This geothermal area 1is characterized by a vertical
reservoir ﬁith uplift =zone that is neary coincided with the
upflow zone.

In order to determine that optimum output of +the planned
power station by delineating geothermal reservoir, it is

necessary +to drill two exploration wells (2,000m in depth}) in
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addition to PR-1 and PR-8 through the upflow zone which provi@és
useful data for estimate the Qethérma;' reéervoir._ For £his_
purpose, two targeté were,seléétéd for expléfétion 'ﬁells. ,:One
: exploratiéh‘ well is an exchénged one'for.dfilling of thréé-_héét 

holes of 750m in depth in FY 1986,
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APPENDIX

Original data of the remanent magnetization
and the restoratioh'of'priﬁcipal'stress axis .

'by cores.
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