5. Drilling of GTE-8 and Resuits Obtained
5.1 Sdlection of Drilling Site

The results of the fault tracing survey around the geothermal manifestatlons and subterranean
temperature survey at the depth of 100 meters conducted in 1985 revealed that northwest to
sontheast trending faults exist at both sides of the geothermal manifestation ‘area, and the
distribution of the temperature coincides well with the distribution of the faults, Ju_dgm_g from the
data, especially the distribution of subterranean temperature above 70 degrees in centigade the size
of the presumed geothermal reservoir is more than 500 meters width and 1, ,000 meters length.

It is necessary to drill mvesngahon wells, and to measure ‘temperature and hydraulic
conductivity of fluid for evaluation of geothermal reservoirs in the San Kampaeng area. The
results of the surveys conducted this time also suggested that further irives_tigation wells were
necessary. Accordingly the drill site for GTE-8 was se!ectéd_ at a quarry near the subterranean -
temperature survey hole No. 9. For the selection of the site, the survey results by the fingerprint

- method played a very important Tole.
52 Drilling Work
5.2.1 Generalization

(1) Outline of the dnlhng
D Site: San Kampaeng Area, Thailand (Fig. 5. 2—1)
"~ 2) Drill No.: GTE-8
" Inclination: vertical
Depth: 1,042.84 m
Final bore hole size: HQ (98.7 mm)

2) Procedure

Site preparation and settmg of the- dnlhng equlpment ‘were_conducted by EGAT Drilling
works were conducted by the EGAT dnllmg team under the instruction of JICA engm_eers The
drilling was started on November 13, 1986, and temporarily stopped at the depth of 518.07 meters:
on March 15, 1987, then resumed on May 29, 1987. The hole'was ﬁnally co_mpleted at the dept_h
of 1,049.84 meters on December 4, 1987.

Fig, 5.2-2 and Tables 5. 2-1 and 5.2-2 show the principal data on the dr]ilmg process and the :

works.
5.2.2 Drilling Work

(1) Layout of the site _
Fig. 5.2-3 shows the layout of the site,
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(2) Equipment used

Principal equipment used are the same as those used for GTE-7.

(3) Drilling work

‘The casing program for GTE-8 was planned based on the results of the fault tracing survey

conducted in 1985 which indicated a fault zone at the depth of 750 to 1,200 meters. The drilling
was executed according to this program; however, it was necessary to change the program because
of hard rocks encountered and bit shortage problems. Furthermore drilling was stopped at the
depth of 1,049.84 meters because of mechanical trouble with the drilling machine, (cracking in the
- winch drum), which posed danger to the drilling equipment.

Table 5.2-3 shows the outlme of the process during the drxllmg work. The outline threof for

each depth unit is as follows.
1} 0to 37.00 meters

On November 13, 1986 the hole was opened using a 12 1/4 inch tricorn bit. Bed rock
mudstone was encounted at the depth of 3.00 meters, then drilled up to 37 meters.
Specification of the drilling is as follows;

Mud Water : Volume 780 liters/min.,
Pressure § kgfem’

Bit - : Bit load 1/3 tons, Rotion 20 - 30 rpm

Ten-inch casing pipes were inserted up to the depth of 29.60 meters and fixed by

*cementing, Volume and specific gra\)ity of the pressure cement $lurry are as follows;

2)

Volume : 1,760 liters S Specific gravity :1.80
Mixing . = : Ordinary cement: 2 ,080 hters
37.00 to 203.00 meters - :

9 5/8 inch toricone bits were used for the drilling up to the depth of 100 meters. Rocks in
this section are relatively soft shale and mudstone, and the dnlllng preceded smoothly. Rocks
below a depth of 100 meters_ changed to hard fine sandstone, causing a decrease in drilling '

~ speed. Therefore, pilot drilling by 7 5/8 inch and 5 5/8 inch toricone bits was done from the

depth of 139.22 meters, after Wthh the nole was reamed by 9 5/8 mch toricone bits up to the
depth of 145.20 meters .

Lost circulation was encountered i a seclion between 37 meters and 150 meters, and LCM
and squeeze cementing were applied as preventlve MEassures. Specxﬁcattons of the toricone bit
drilling in this section are as fallows;

Mud Pumping : Volume: : 780 liters/ min.

o Pressure : 7~ 12 kg/em?
Bit - : Bit load ;3 ~ 56 tons

Rotation. ;25 ~ 45 tpm
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The mud teraperature shown in centigade is as follows,

Elght inch casmg plpeS were mserted in the hole up to the depth of 142,02 meters and ﬁxed by.
cementing, Fu\l hole cementing was cenducted by the two-plug method, and overflow of the S1urry
was conflrmed at the opening of the hole. Volume spec:ﬁc glawty, and mixing of the pressured

cement slurry are as follows.

Volume . 1 2,552 titers
Specific Gravity : 1.80 .

Mixing ' : Class G Cement
Silica sinter

Bentonite

Dispersion agents
- Retarder

3} 203.00 to 424.00 meters

The hole was drilled using 7°5/8 inch tr1corn biits. At some parts, p:lot drilling by 5 5/8
inch tncorn bits was done because of hard sandstone and shale encountered, after which the

hole was reamed using normal size bits.

At the depth of 274 meters, a problem of 40 liter water outgush was encountered; however,
drilling was continued, At the depth of 337 meters, bore hole loggmg was done. As'a result of
loggmg, 110.3 degree hot-water outgush was observed at the depth of 270 meters. Aftelwards

. 2,320 kg
. 805.7kg (2,302 kg X 0. 35)
. 69.0 kg (2,302 kg X 0.03)
. 8.0 kg (2,302 kg X 0.0035)
. 8.9 kg (2,302 kg X 0.0003)

squeeze cementing was done two times to seal the wall of the bore hole.

Subsequently the hole was drilled by 7 5/8 inches toricone bits up to the depth of 424.00 -

meters. Specifications of the dnllmg are as follows.

Mud w_ater ' : V_oiume:
_ ' _ Pressure
Bit _ : Bit load:

, 660 hters /min. -

3 1015 kg/cm
; 3_ ~ 5 tons, Rotation 25 ~ 45 rpm

The mud temperature shown in centigrade is as follows.

Depth (m) 30 60 90 120 [ 150 180
Centering (°C) |- 320 | 382 49 | 402 37.3 423
Outflow (°C) 39.6 .451'3 1. 456 452 6 | 416 449

Depth m) | 210 | 240 | 270 | 300 | 330 | 360 | 390 | 420 .
Entering (°C) 416 | 444 | 445|456 | 526 | 529 | 532 | 522
| Outflow (°C) 438 | 470 | 476 52 0 '564 57' 9 {592 | 604

After comp[etlon of bore hole logging, 6 inch casing pipes were mserted up to thc depth of
1. 00 meters, and fixed by cementing. The full hole cementing was done by the two-plug '
method and the overflow of the slurry was confirmed at the opening of the hole. The volume,

specific gravity, and mixing rate of the pressure cement slurry are as follows.
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4)

Volume _ : 4,942 liters
© Specific Gravity  : 1.80 ,
~ Mixing rate : Cement 4,391 liters of cement

‘After casing pipes were fixed, an inner and outer tube pressure test were done. No pressure
decrease was confirmed after 10 minutes under the conditions of 20 kg/om’ pressure.
424.00 to 518.07 meters '

The hole was drilled by 5 5/8 inches toricone bits up to the depth of 499.00 meters. Rocks
in the hole are mainly hard, fine-grained sandstone. Hardness thereof tends to increase with
depth, ] '

At the depth of 435.94 meters, 6 ]iters_ per minute lost circulation was encountered. Squeeze'
was done because the depth was close to the bottom of the 6 inch casing pipes.

This was effective for prevention of lost circulation.
HQ-WL coring was conducted below the depth of 499.00 meters.

At the depth of 501.69 rﬁeters, 250 liters per minute hot water outpour occurred. As a
result of logging test, it was clarified that the water was gushing from the point of lost
circulation at the depth of 480.00 meters. It was decide to block the point of lost circulation
since it was shallow and the teniperéture of the fluid was low at 117°C. Then squeeze
‘cementing was done two times. _

Spcciﬁcétion of the drilling using 5 5/8 inch toricone bits is us follows:

Mud Water - Volume ; 380 liters/min.
' Pressure 5 10 ~ 15 kgjem®
Bit _ : Bit load " ;2.5 4 tons

Rotation: o ;40445 rpm

'Speciﬁcation of the drilling using HQ-WL diamond is -as follows.

Mud Water . : Volume -7 110 liters/ min.

_ Pressure ; 10 ~ 20 kg/em’
Bit : Bit load - . L5 tons

Rotation ; 100 ~ 150 rpm

The mud teinperatu_re shown in centigrade is as {ollows.

Depth (m) 450 | 480 | 510

Entering (°C). 49.9 | 503 | 462
| Outflow (°C) 559 | 57.1 | 603 |
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5) 518.07 to 755.00 meters

The hole was drilled by the HQ-WL method. At the depth of 643 24 meters, a total
circulation loss was encountered. Therefore, the mud water was replaced with pure ‘water.
However, continuous. water outflow was encountered at the depth of 633.44 meters. Outflow
pressure was 4 to 5 kilograms per square oentimeter. Accordingly, it became impossible to drill
further because the inner tubes could not be inserted into outer fubcs Therefore, reaming
using 5 5/8 inches toricone bits was done, after which various bore hole loggmgs were
pertmmed As the result of these loggings, it was decrded to perform squeeze ‘cementing,
because the outflow volume of the fluid was 630 liters per minute; although the temperature of
the fluid was relatively low at 120°C. Cementing was done two times. S

Afterwards, - drilling was resumed using 5 5/8 inches toricone bit. Rocks changed to
quartzose fine-grained sandstone, after which drilling speed mgmﬁcantiy declmed At the depth
of 70692 meters, total circulation loss was encountered. Accordingly, the mud water was
replaced with pure water. Subsequently, lost circulation drilling was done up to the depth of
755.00 meters. Results of various bore hole loggings showed that the outflow volume was
1,140 liters per minute and the temperature of the fluid was 120°C, Accordingly, squeeze
cementing was done three times, and the section blocked.

Specification of the drilling using 5 5/8 inch toricone brts is as follows :

‘Mud water  : Volume o 380 liters/ min:
Pressure : 10 ~ 15 kg/em’

Bit : Bit load . .33~ 4tons
Rotation 5 40 ~ 45 rpm

Specification of the drilling using HQ-WL diamond bits is as follows

Mud Water  : Volume "5 100 ~ 200 liters{ min,
Pressure - ; I0 kgfem®

Bit : Bit load s 1.5~ 2.5 tons
Rotation” - 3,100 ~ 200 rpm

Four and a half inch casing pipes were inserted up to the depth of 752.50 meters then
fixed by cementing by the two-plug method
The volume, specrﬁc gravrty, and mrxmg rate of the pressure cement slurry are as follows.

Volume : 7,196 liters

Specific Gravity <150 _

Mixing Rate : AP1 Class G Cement ;! (}92 kg
Silica Sinter ;1,637 kg (4,092 kg X 0. 4)
Fly Ash ; 1,023 kg (4,092 kg X 0.25)
Bentonite 5 143 kg (4,092 kg X 0.035)

Dispersion Agents CFR 2 ;24 kg (4,092 kg X 0.006)
" Dispersion Agents D- 19 ; 23 kg (4,092 kg X 0.0055)
~ Retarder HR-4 8 kg (4,092 kg X 0. 002)
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(4)

- After hardening' of cement, an inner and outer tube test were done. No anomaly was
found. '
755.00 to 1,049. 84 mieters :

The hole was drilled by the HQ-WL coring method. Rocks between 749.20 meters and 894
meters were: b'rccbiated and drilling speed increased. Width depth, quartz veinlets increased in
the rocks and bit life was shortened significantly.

At the depth of 907.00 meters a total circulation loss was encountered and thermal water

- outgush occurred. Therefore, when rods were raised or lowered, high density mud water mixed

with barite was poured into the hole to prevent outpour of fluid.
At the depth of 914.59 meters, various borehole loggings were performed as well as a
blowout test. Results of those tests revealed that the temperature at the point of 907 meters
‘was 125.9°C, and the volume of the outflow water was 960 liters per minute.
Squeeze cementing to prevent fluid blowout was performed six times, and total volume of
consumed ‘cément slurty reached 26,063 liters. '

At the depth of 915.45 meters, a total circulation loss was encountered; however, no spemal
countermeasure was done and drilling was continued.” At the depth of 1,031.89 meters, drilling
was temporally stopped, then various bore hole loggings and a blowout test were performed.

After finishing the tests, HQ-WL coring was resumed. However, rocks changed to very
hard sandstone contalning more than 90 per cent quartz, and bit consumption drastically
increased. On December 4, the break side drum of the drﬂlmg ‘cracked, and water leakage
occurred. Therefore, it became very risky to insert drilling equipment into the hole. Drilling
was consequently stopped at the depth of 1,049.84 meters. '

Specifications of the drilling are as follows .

Mud Water : Volume ; 100 ~ 250 liters/ min.

Pressure 13~ 15 kg/em?
Bit . Bit load ; 1.5~ 2.5 tons
Rotation 5 100 ~ 200 rpm

Mud Water for drilling

The mud water was mixed on the basis of geology, drilling method (reammg or coring), state

of well, and temperature of the hole, and was remixed when the foregoing conditions changed

drastically. supplementation, or replacement of necessary. The composition of the mud for each

~section of depth is as follows. -

1)

0.0 to 37.00 meters
Mud mamly composed of bentonite was used for the drilling for the overburden and

- fragile weathered shale.

2)

3

37.00 to 203, 00 meters
Bentomte mud was used for this section; however, it was gradually chaﬁged to Telnite BH

_ h_l_'ud witb increase of temperature. Slight circulation loss was sometimes encountered, at which

_point mud water con@aining Telstop G (granular) and P (powder), and other organic material
were used to stop the lost circulation.
203.00 to 424.00 meters
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Mud-water mainly composed of Q-B mud was used for this. Because 40 liters per minute
outflow of water was encountered at the 'depih of 274.00 meters, bentonite and asbestos were
added to the mud to adjust its specific gravity and viscosity. :

4) 424.00 to 755.00 meters : _ S :

Mud water mainly composed of Telnlte BH was used for this section. Qutflow of water

was also encountered in this section. It was futheremore frequently necessary to supplement -

the mud. At the depth of 707.00 meters, a total circulation loss was enountered, and mud
water was replaced with pure water because mud could not be prepared in time. Pure water
drilling was continued up to the depth of 755.00 meters. '

5y 755.00 to 1,049.84 meters :

After fixed casing ' pipes, HQ-WL cormg was resumed, and it was cnotinued up to the
depth of 907.00 meters, where a total circulation loss was encountered. In- this section, mud
water mainly composed .of Telnite BH was used. ' :

Many cracks were encountered below the depth of 907 00 meters, from which point. lost
circulation occurred constantly, Furthermore, fluid outgush occurred in this section. To
prevent outgush high density mud water containing barlte was pumped into thc hcle when
bits were replaced,

.(5) Cementmg
Table 5.2-4 shows the status of casing pipe cementing and maintenance ementing.

(6) Measurement of mud water temperature S
Temperatore of the mud water upon entering the holes and outflow from the holes was
measured, recorded, and referred to in assessmg changes of inner hole conditions.

Fig. 5.2-4 shows the results of the measurement.

(7} Status of lost circulation during drilling
Table 5.2-5 shows the status of lost circulation

(8) Status of setting of casing pipes
Fig. 5.2-5 shows the status of casing program.

(9) Penetration rate and core recovery
Fig. 5.2-6 shows the penetration rate and the core recovery rate.

53 Core Geo!dgy
5.3.1 {eneralization

' Geolog:cal study on the dr 1!l cuttmgs and the core was conducted tw1ce March 4th to 20th

1987 and October 4th to 20th, 1987 while the drilling of GTE-8 was in Progress. The studxed :

section is from 8 m to 1,031.89 m. Geology, alteration and fractured zong were carefu]ly studied

in preparation of the geologic colun. Represeﬂtdtwc samples were takcn for X—ray diffraction
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analysis and fixed inclusion study to define the alteration minerals and to measure the homogenize
lempefature ‘of minerals. Circulation loss and drilling speed werc analysed to study the distribution
of fractures.

Geology of GTE-8 is mainly composed of alternation of black shale and quartz sandstone. "The
geology of this test well is similar to that of GTE-6 but considerably different from the geology of
GET-6. No limestone or chert intercalation was seen. :

532  Geology

The geology of GTE-8 is composed of alternation of quartzose sandstone and black shale and
can be correlated to the Kiu Lom Formation of Permian age. Lithologically, it can be subdivided
into four members that is, alternation of shale and sandstone (0 m to 421 m), sandstone
dominant member (421 m to 755 m),'sh'ale dominant member (755 m to 926m} and sandstone
dominant member (926 m to 1,031.839 m). {Fig. 5.3.-1)

{1y Alternation of 'shale and sandstone member (0 m to 421 m)
The thickness of the alternating shale and sandstone is more or less 10 meters in general

‘However, between 16_0' m to 240 m, both types become 40 m thick beds.

Shale is generally black to dark grey colored, and rock facies partially change to fine sandy
shale and to sandstone. The black shalo is highly cleaved and slickenside is partially observed. Pale
green grey colored thinly laminated siltstone is found between 64 ‘m to 99 m. This rock type is
characteristic among the tocks observed in GTE-8,

Sandstone is quartzose fine grained sandstone and transition to, shale is common. In some
parts sandstone becomes quartzose and compact resulting in cherty facies.

(2) Sandstone dominant member (421 m to 755 m)

This section is mainly compoesed of quartzose fine grained sandstone and .intercalated shale of
10 m thick. Sandstone is fine to medium grained and occasionally muddy sandstone is included.
Stratification is weak and appearance is generally massive and less fractured. Silicification is
obvious in places and fractures are filled by quarz veining. ' '

(3) Shale dominated mcmber (755 m to 926 m)

Mainly composed of shale with partial intercalation of sandstone layer. Shale is highly
stratified black shale with thin sandy layers. In some places boudinage or puil-apait type sandstone
bed or blocks are contained. Two interpretations can be made for this type of sandstone, that is,
the result of contemporancous pseudo—pcbblmg durmg sedimentanon or pull-apart structure during
orogenic movement. : I

‘In the section between 870.00 m to 894.50 n, comphcated rock facies such as frequent
alternation of sandstonc and shale with brecciation and silicification are characteristic. Especially,
the 872 m'to 876 m section is highly brecciated- sug‘gesting fault breccia zone.

4) Sandstone dominant member (926 m to 1,031.89 m)
This section lS composed of quartzose fine grain sandstone with few’ layers of black shale. In
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some parts, grain size becomes very fine and siticified lithofacies become similar to chert,
53.3 Alteration

(1) General characteristics .

For those sections drilled by the non-core method using tricone bit, that i§ between 0 m to 499
m and 653.44 m to 755.0 m, only drill cuttings were avatlabe for pe_trologlcal study. Therefore the
mode of occurrence and assemblage of vein minerals as well as alteration minerals are not clear in
detail for these sections. In this test well, from the surface to the bottom, quartz veining and pyrite
dissemination is abundant. Vein guartz is milky white and the width of veins sometimes reaches 1
¢m to 2 cm. The quartz vein is more abundant in sandstone than in shale, since sandstone is
brittle and susceptible to major fractures, as well as lithologically being. rich im 8i0; and
susceptible to leaching, and redeposit.

(2) X-ray dlffracnon analysis

Typical samples are taken from the drill core to conduot X—ray dlffracnon analys1s Number of
detected minerals is limited, being quartz, K—feldspar (microline), chlonte sericite and pynte
(Table 5.3-1) . :

Quartz and K-feldspar (microcline) are quite abundant, and in most cases are considered not
to be alteration minerals, but primary mmerals However, some portions of quartz are evidently
quartz vein with druse cavities sometimes servmg as passages for hydrothermal solution, suggesting
that recent hydrothermal activity may have formed the vein. Secondary quartz formed by
silicification is also observed.

Judging from their genesis, there are two types of chlonte and sericite, the one is the product

of vein-forming hydrothermal alteration and the other is the result of dlagene:tlc alteration. The
amount of these minerals is less than the quartz and K-feldspar.

The sample taken from the depth of 872.10 m is alternated, no chlorite and pyrite were
detectable, Whllﬁ sericitc was common, The sericite is considered to be  a vein-forming
hydrothermai alteration mineral along the fracture in the sheared zone. ' '

Pyrite is mostly disseminated along microfractures or -hair cracks. In some places, the pyrite
occures as veins along the major fractures or as small masses crystalized in druse cavities.

(3) Homogenized temperature of fluid inclusion. .
The homogenized temperature was measured in the vein, mmerals taken from typ:cai core

samples Those are two samples of vein quartz from the sheared zone of 87.10 m depth and from

the sandstone of 1,023, 59 m deep (Fig. 5.3.-2, Table 5.3-2).

Measured homogenized temperature ranges from 119°C to 134°C. “The minirnum homogemzed
temperature is 121°C at §72.1 m and 119°C at 1,023.59 m. These temperatures roughly agree with
the results of temperature logging conducted after 51 hours of standing time on October 9th, 1987.
Vein quartz observed in the core included druse cavities. '

Judging from above-mentioned two facts, coincidence of temperatme and ex1stenoe of druse
cavities, fluid inclusidn bearing quartz veins are being formed by the present hydrothcrmal activity.
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534  Fractures

Drilled cores appropriate for the fracture study were taken from the depth of 499.00 m to
653.44 m and 755.00 m to 1,031.89 m, respectively. _

Thc.géology of the former, from 499.00 m to 653.44 m, is hard compact quartzose fine tuff
and the drilled core forms a perfect bar or long cylinder meaning less fractured rock. Steeply
dlppmg sharp fracture is common. Most of those fractures are f lled with quartz and are partially
observed.

1n the latter section, 735.00 m to 1,031.89 m, the geology between 871.54 m and 876.04 m is
highly brecciated alternation of sandstone and shale. Quartz vein is abundant. Brecciated shale
occurs sometimes in quartz vein. Around 9,820 m, frequent alternation of shale and sandstone
occurs and rock is highly fractured. Vertical quartz vein is abundant and generally highly silicified.
Crystals of needle qﬁartz and/or prismatic (columner) quartz were observed in the druse of quart
vein. At the depth of 920 m and deeper, the recovered cores are brecciated, and only a limited
length of cylindrical or bar shaped core was recovered. Corc recovery ratio was also low,
suggesting that fracturing is highly developed and rocks are easy fragmentized in this section,

The lost circulation during drill operation indicates permeable fracturing. When GTE-8 was
drilled, lost circulation and groundwater outpour are often encountered. The main lost oirculation

- was observed at the following five zones (Fig. 5.3-1).

@ Lost circulation zone at 100 m

Lost circulation was obsérvc_:d at the top and bottom boundary of pale grey siltstone
distributed 64 to 99 m depth. At the depth of 119.22 m to 121.50 m, the amount of lost
circulation was 40 /fmin to 50 }/ min suggesting the fracture is major.

The zone coincides with the high anomaly detected by temperature logging and is
considered to be the result of influence of active geothermal fluid.

(® Lost circulation zone at 250 m _

The volume of lost circulation in this zone is not large. At the depth of 272.80. m to
279.34 m, 8 //min to 17 //min of outpouring was observed. Temperature logging indicates
increasing tem;ﬁerature at this depth suggesting influence of active geothermal fluid.

(® Lost circulation zone at 450 m
o Geology of this section. is ﬁne to medium giran sandstone with intercalated dark grey
shale between 459 m to 467 m. At the depth of 435.94 m, lost circulation of 6 //min was .

" “encountered. Bctween 47294 m and 48400 m, 5 }Jmin of outpour was found.
Temperature loggmg and flow meter loggmg revealed that this outpour zone is a supply
for geothermal fluid, .

(® Lost circulation zone at 600 m to 700 m _

The volue’ of Jost circuiation is quxte large in this zone i.e., 110 J/min al 643.24 m,
and. 350 7/ min at 706. 92.:Since lost circulation was great, the tricorn bit was adoptcd for
drilling, Geology is mainly quarizose fine grain sandstone. Fractures are presumably druse

' type cav:tles in quaru vem
® Lost cicrculation at 900 m
Lost circulation of 100 Ifmin was recorded at 907.00 m and 150 //min at 915.45 m,
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Geology of this zone is frequent alternation of sandstone and shale. Quartz vein with druse

cavities is abundani. Temperature logging and flow meter logging revealed that open
fractures at 915.45 m and decper are the outflow points for geothermat fluid.

54 Well Logging

When the exploratory well GTE-8 was drilled, the followmg were peiformed well loggmg
during drilling, down-hole measurement during productlon logging and production test,
These measurements and tests serve to study physical propertics of geological formations

around the well and to study characteristics of geothermal fluid and geothermal reservoirs,

provided that geothermal fluid outflow occurs in the well.
. Down-hole measurements performed are well logzing under static conditions and producnon
test and production logging under producing conditions.

5.4.1 Temperature and Pressure Logging
(1) Summary

Well logging was carried out simultaneous to drilling. The ﬁrst weli loggmg was carried out to
203 m depth in December 1986 before casing pipe (8”) was inserted.

The second weil logg'mg was carried out to 424 m on February, 198’? under conditions water '

outpour into the well.

The third well logging was carried out to. 501 m depth in March 1987, the fourth to 755 m in
July 1987, and the {i{th to 1,031 m in October and November 1987.

Equipment used and logging procedure are the same as for GTE-7.

Table 5.4-1 Suinmary of Well Logging of GTE—S -

Stage _ o VI‘tems o ) . Remarks

Temperatute logging; Electrical loggmg, Pressure loggmg, by Thai Team

Stage 1 0~ 203
age _ 203m Caliper logging

Temperature logging, Electrical logging, Préssure loggmg, by Thai Team

Stage 2 | O~ 4
ge & 0~ 424m Caliper logging, Soruc]oggmg, Flowmeter logging - -

Temperature loggmg, Electncal logging, Pfessure loggmg, techhical advice

3 1 g~ .
Stage 0 501m: Caliper loggmg, Flowmeterloggmg

Température logging, Electrical Togging, Pressure loggijlg, : ny Thai Team

Stage 4 0~ 755 M| Catiper logging, Flowmeter logging

Temperature logging, Electrical logging, Pressure loggigg, * technical advice

t ~
Stage 5 0~1,031m Caliper logging
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(2} Results .
The major results of well loggmg are as foltows
1) The first well logging
The first well logging was carried out when dritling 1eached to depth of 203 m, and before
casing pipe was inserted (Fig. 5.4-1 and Table 5.4-2).

The results of well logging are as follows:

(@ Temperature increases gently with depth and significant change occurs 1o 203 m depth
{(well bottom). The bottom temperature is 85.2°C (Fig. 5.4-3).

@ Electrical logging shows Tlow resistivity to 160 m depth and some 1eslst1v1ty variations
beyond 100 m. There are resistivity peaks at depths of 120 m, 150 m, 170 m, and 190 m
with resistivity values of 500 to 550 Q-m. SP curve shows sudden change at depths of 130

- mand 160 m (Fig. 5.4- 2).

(® Water level in the well is at about 16 m. Pressure at the bottom of the well (203 m) is 19.3
kg/em’G (Flg_. 5.4-4),

12%}1,__7 :: ’

. 9%" /'

203m——

Fig. 5.4-1  Well State in Logging of GTE-8 (Stage 1)
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Table 5.4-2 Progress of Well Logging of GTE-8 (Stage 1)

Logging Tempe.ratu_re Electrical loggiﬁg Pressure logging | - Caliper logging

Hems logsing o R e
Date Pec. 23, 1986 Dec, 23, 1986 Dec. 23,1986 Dec. 23, 1986
Drilling depth 203m 203 m . 203m 203 m
Casing (10")31.55 m (10)31.55m (10" 31.55 m {10")31.55 m

. Dec.23,1986 |  Dec. 23,1986 Des. 23, 1986 Dec. 23, 1986
Shut in . 17:00 17:00 17:00 17:00
Standing time - 1 _3hr o o - , -
Time of 21:50 ~ 22:03 19:55 ~20:15 _ 20:38 ~ 20:52
measurement . ] . . :
Depth of 30~ 200 m 0~203m 0~200m 0~203m
measuyement : - . -

Max Max pressure
Others - temperature 19.3 kgfem®G
85.2°C (203 m) {203 m)

2) The second well logging o _ o ‘

' When the drilling reached to depth of 424 ‘m, fluid outpour into the well occurred.
Therefore, before casing pipe was inserted, weil logging was carried out. (Fig. 5.4-5 and Table
5.4-3) '

. 1211,‘,,__,E.' 10" CP-
37 00m—-5 31.55m
o%” »’1" 8" C.P.
14520m 1 142.32m

Fig. 5.4-5 Well State in Lagging of GTE-8 (Stage 2)

The results are as follows:

(D After stopping the drilling pump, water continued to spring. into the well.

Because the maximum temperature of temperature logging is 110°C at 270 m and -

temperature increases linearly to 270 m, it is clear that water sprang into the well at

around 270 m depth. Beyond 270 m, temperature decreases with depth and beyond 360 m,.
temperature again increases with depth. The temperature at the bottom of the well (424 m)
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is 94.2°C, The temperature of spring water at the wellhead is 78.8°C (Fig. 5.4-6)

@ The well was electrically logged between 140 m and 424 m, Electrical logging to 270 m is
applied only for reference because {luid movement was constantly present while logging
their well. Resistivity varies largely throughout the logged section and is generally over 100
0-m. The maximum resistivity value oceurs at around 260 m and-270 m and is over 1,000
Q-m. The zone between 370 m and 380 m is low resistivity (20 to 60 (2-m) and

correesponds to change of SP_ curve (Kig. 54-7)

(® Pressure logging shows Iinear'increa_se from the wellhead to the bottom. Pressure value at

the bottom (424 m) is 40.2 kg/cm’G.

Flow meter logging shows that fluid flows into the well between 260 m and 270 m, which

is the same depth as indicated in thermal logging,

Table 5.4-3 Progress of Well Logging of GTE-8 {Stage 2)

) Logging | Temperature: | - Electrical Pressure Caliper Sonic
Ttems lopging logging logging logging logging
‘Date Feb. 16, 1987 | Feb. 16,1987 | Feb. 16,1987 | Feb. 16,1987 | Feb. 16, 1987
Drilling depth 424m 424 m 424m 424m 424m
Casing (8")142.32m | (87)14232m | (8)14232m | (8)14232m | (87) 142.32m
St in Feb. 16, 1987 | Feb. 16, 1987 | Feb. 16,1987 | Feb, 16,1987 | Feb. 16, 1987
B . - 6:00 6:00 6:00 6:00 6:00
_ . Stam_iiﬁg time Over flow - - - -
Timeof . 10:56 ~ 11:40 | 14:20 ~ 14:42 | 15:40 ~16:17 | 10:10~10:37 | 19:53 ~20:32
measurement
Depthof 140~420m | ©~424m 0~424m - | 0~424m 10~ 424 m
measurement S _ )
Max Max
temperature - pressure _ _
Others 110.7°C 40.2 kgfor*G
(273 m) (@24 m)
3) "The thitd well logging

When the well was drilled to depth of 501 m, a large amount of geothermal water outpour
ocurred into the well. In order to know fluid characteristics, well logging was carried out under
conditions of flushing geothermal fluid. The JICA team observed the third well logging and
collected and examined data. (Fig. 5.4-8 and Table 5.4-4)
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- Well logging was carried out under conditions- of producing, with the valve, completely.

24— 3] TE-0CR.
37.00m- *'.'-_ . 3155t
: gwwr,ﬁ L scp
145.20m—2y e .14_2.32m
-
el | Lo
424m et 1 —421.00m
5% ‘-

501lm—

Fig. 5.4-8  Well State in Logging of GTE-8 (Stage 3)

opened. At the beginning, geothermal fluid 'poﬁred out continuously, but gradually this

- changed to intermittent outpour. Amount of geothermal {luid outpour is assumed to be about

5t/h

The results are as follows:

@

1emperature loggmg was camed out to 499 m under static conditions. and under
producing conditions. Under static conditions, temperature distribution (standmg time: 15
hr) does not show largc change. Temperature at around 380 m was rather high ‘and that at
the well bottom (499 m) was 113.8°C. Under producing condmon_s temper ature increases
linearly from the wellhead to the bottom. The maximum temperatur_e is 117°C measured
at the well bottom (500 m) (Figs. 5.4-9 and 10). ' '

Electrical logging is applied only as a reference because of ineasurement under prodicing

conditions. Resistivity values change greatly beyond 470 m and the value is 2, 000 t-m at

495 m. Resistivity in the zone shallower than 470 m is low and that between 45 m and 470
m is 100 Q-m (Fig. 5. 4-11).
Pressure logging shows 40 kg/ cm ’G of pressne at 500 m dcpth The results of well logging

show that geothermal water mtermlf.tently flows into the well at around 477 m and.

temperature is about 117°C. No fluid flow is seen beyond 480 m.

Flow meter logging shows that the flow rate changes between 470 m and 480 m, and
geothermal fluid flows into the well through that section. The section corresponds to the
depth pf lost circulation while drilling (477 m). ) |
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- Table 5.4-4 Progress of Well Logging of GTE-8 (Stage 3)

Logging T 1osi - Electricat Pressure Caliper Flowmeter
Ttems .cmp.em!ure Ozgitg logging logging logging logging
Date Mar. 3, 1987 Mar, 5_, 1987 Mar. §, 1987 Mar, 5, 1987 Mar. 5, 1987 Mar. §, 1987
Drilling depth 499 m 501m 501 m 50lm 501 m 501l m
Casing (642l m (6") 421 m (6") 421 m (6421 m (61421 m (6" 421 m
Shut i Mar. 2, 1987 Mar, 4, 1987 Mar. 4, 1987 Mar, 4, 1987 Mar. 4, 1987 Mar. 4, 1987
utin 22:00 8:00 8:00 8:00 8:00 8:00.
Standing time t5hr Blowing ont — - — —_
Time of 13:18 ~ 14:06 | 15:25 ~ 16:15 | 19:04 ~ 19:50 11:38 ~ 11:44 | 18:00 ~ 22:00
measurement )
Depth of . " v
: 0~499m 0~500m 420 ~ 500 m 0~ 500m 410~ 500m 400 ~ 500 m
measurement
Max Max Max
. temjperature . temperature . pressure . .
Others 113.8°C 17°C 46 kgfom?G
{499 m) (500 m) (500 m)

4) The fourth well logging

When the well was drilled to depth of 755m, well logging was carried out (Fig. 5.4-12 and

Table 5.4-5).

The results are as follows:

124"
37.00m
o

145.20m——

%]

424m ———-3

5%"
755m

Fig. 5.4}'1 2 Well State in Logging of GTE-8 (Stage 4)

@ Because temperature loggmg was camed out’ 1med1atciy after producmg geothermal fluid
was stopped by mud, the temperature curve does not show the temperature of formations,
Therefore temperature variation of formations is not known. The maximum temperature
at 755 m (well bottom) is 121°C {Fig. 5.4-13).
Temperature measurement ‘under producmg conditions, Just befo:e stoppmg ‘of flushing

geothermal fluid, shows that temperature change occurs at around 710 m depth and
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geothermal fluid flows intz) the well at that point, Témpérature at 710 m is 119.6°C.
Beyond 710 m, temperature decreases for a short distance, but shows an increasing trend
thereafter, becoming 121.2°C at 755 m (well bottom) (Flg 5.4-14).
(3 Resistivity distribution to 500 m depth is almost ihe same as the above—menhoned wcl!
logs. Low resistivity of 150" Q-m is recorded between 620 m and 635 m, and around 750
m, and resistivity in other sections is high. Resnsuvlty between 550 m and 580 m, and
‘between 670 m and - 745 m is over 1,000 0-m and that between 690 m and 700 m is very

high 2,500 - (Fig. 5.4-13).

SP curve does not show any noticeable change
(® Flow meter logging shows that fluid flows mto the well at 706 m the same depth as
indicated by the temperature logging. ' ' '

Table 5.4-5 Progress of Well Logging of GTE8 (Stage 4)

F_lo\wheter =

Logging | Temperature Electrical Pressure Caliper
Ttems’ logging logging logping - logging_ _ ‘logping .
Date Tul 18,1987 | Jul 18,1987 | Jul 18,1987 | Jul 18,1987 | Jul 18,1987
Drilling depth 755 m 755m 755 m 755m 755 m
Casing (61421 m (6'Y421m (6") 42]'m (6)421m (6)42lm
 Shuti Jul 18, 1987 | Jul. 18,1987 | Jul 18,1987 | Jul. 18,1987 | Jul18,1987
i 14:15 14:15 14:15 14:15 14:15
| . ‘ _ :
Standing time 1hr - — — -
Time of 14120~ 15:34 | 17:13 ~ 17:34 | 21:26 ~22:19 | 20:23 ~ 20:48 | 10:00 ~ 12:00
measurement - : o
Depth of 0~755m | 420~755m | 0~755m | 400~755m | 0~755m
measuremernt .
Max Max
: temperature _ " pressure _ _
Others 121°C 71.2 kegfem?G :
(755 m) (755 m)

5) The fifth well logging
Well loggmg was carried out at depth of 1,031 m, with casmg pipe to 755 m. Geothermal

fluid flushed fairly strongly into the well and it was very dlfﬁcult to log the well under. statu:
condxtmns (Fxg 5.4-16 and Table 5.4-6) ' '
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12%»,—5 X ': :' : E: ":-.: /10"'_(_‘,,[)_
37.00m— Y| 31.55m
et | BN 8" C.P,
145.20m—& | —142.32m
ot Ik 6" C.P,
A24m—— o] 421.00m
{{ ;
5§ L e,
1l
755.00m - & ——752.50m
3" HQy"
1631.80m—

Fig. 5.4-16 Well State in Logging of GTE-8 (Stage 5)

The results are as follows:

(O Temperature logging with standing time of 5! hours shows temperature increase to 20 m
depth , decrease from 20 to 50 m, and gentle increase after 50 m to depth. The maximum
‘temperature, 224°C, was recorded at 922 m. Temperature decrcases after 922 m and is
120°C at the bottom of the well (1,031 m) (Fig. 5.4-17).
@ _High 1eslst1v1ty zones, over 500 {}-m, are between 780 m and 800 m, around 830 m,
: around 480 m, and between 900 m and 925 m. Resistivity in other sections is below 500
_ .Qm and a low remstmty zone is between 835 m and 850 m (Fig. 5.4-18).
- 8P log does not show any remarked featuers.
@ Pressure loggmg shows that the pressure at the well bottom i5 99.3 kg/cm® G while that as
the well head is 3.1 kg/cm®G. :
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Table 5.4-6 Progress of Well Logging of GTE-8 (Stage 5)

Logging Temperature - N .
. ‘Blectrical logging - | Pressure loggin Caliper logging -
Items logging _ BEIE. geing . &5
Date Dec. Qct.9,1987 | Nov. 19, 1987 Oct. 9, 1987 Nov. 19, 1987
Drilling depth 1,031 m 1,031 m 1,031 m 1,031 m
Casing (%) 752 m (4% 752 m (@%")752m (4%) 752 m
Shut in Oct. 7, 1987 _ Oct. 7, 1987 -
Y 8:40 8:40
Standing time 51 hr - - -~
Time of 9:54 ~ 11:34 10:04 ~ 10:16 13:55 ~ 14:49 11:50 ~ 12:00
measurement _ N
Depth of 0~1,031m 750~930m 0~ 1,031 m 750 ~ 930 m
measurement : o . . _
Max . Max
Others temperature - 99.3 kgfem®G -
123.9°C {920 m) {1,031 m)

5.4.2 _Pmduéﬁon Logging

{H Generaltzatmn ‘ :

Drilling of this exploratory ‘well encouritered loss of crrculanon several times and some lost
circulations accompamed water inflow and steam flushing. A large amount of drilling mud was
Jost beyond 900 m after casing pipe was set to 752.50 m. Geothermal water of temperature over
100°C flushed into the well when drilling was stopped Drrlhng was contmued with lost crrculanon
to 1,031 m depth Then, in order to get the characteristics of fractures through which geothermal
fluid produccd into the well and of producing geothermal fluid, well testmg and - various
measurement in production were carried out.

fterns of measurement are as follows:

i) Meastirement of characteristics of flow rdte during producmg
Flow rate vs, pressure ai ihe wellhead.

i)y  Temperature in the well, pressure and flow rate during producing {production test):
Flow rate is éhanged in three steps.

iiiy  Flow rate-production logging: :
Measurement of flow rate and pres_sﬁre at the wellhead with the progress of time.

In order to carry out these well tests, it was necessary to install a pipe line to measure flow rate
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and a wellhead assembly to log the well while prbducing. The installation of equipment and
measurement were carried out after consultation between the Thai team and the JICA team.

{2) Method of measurement
1) Down-hole measuremnent was carricd out by logging equipment (temperature, pressure, flow
meter) used for static measurement. A lubricator was installed at the wellhead to log the well
" while producing. |

The following figure shows the measurement procedure.

Down-hole measurement is very useful because it can measure producing fluid and
conditions of the ground directly. ‘

Producing fluid was controlled to pre-set pressures and flow rates. After {low of flushing
fiuid became stable, probes of temperature, pressure and flow meters were lowered into the
well to collect necessary information. After measurement was completed with one pre-
determined flow rate, another measurement was carried out with different flow rate.

For this survey, three different flow rates were used.

Armard cable

Logging car

-

Measurement line
o

Well head -)

7 7
Winch  Recorder

Well

© - Temperature

{ A/Sonde {Press’ure i
Flow meter

11

U

Rl
S

Fig. 6.4-19 Layout of Well Testing

T .



2) Measurement of chaiacteristics of flow rate
A pipe was installed from the wellhead to the measuremcnt devrce to record presswre, .

temperature and flow rate of geothermal fluid (steam and geothcrmal water) flowing to the
ground surface from the underground formation.

Piping for the measurement 1s as shown in Fig. 5.4-20 and Table 5. 4-7.

Flow rate. was controlled by a secondary - valve and an adjustment valve on the
measurement piping, and a flow rate characteristics curve was obtained by measurmg amounts

of steam and geothermdl water against pressure at the wellhead.

“Table 5.4-7 Items z'md Using Meters of Measurement for GTE-8

Meésuremént Ttem Used_ Meter
1 Well head pressure | Bcur&on tube pressrrre gauge
2 Steam pressure ' Bourdon tube pressure gauge
3 Hot water pressure o Bourdon tube pressure gau_ge '
4 Steam flowrate Orifice; Mercury manometer
5 Water flow rate - Trangle darn '

Seperater

' : 'jj ';Ui Trizngle dam

Hot water pressure

\\'ﬂe‘ Q e - I
ey : - T =
Control valve -
Steam pressure
Ori!fice : f /

Well he_a_d pressure  2nd Valve

Jh.

Water head (water flow rate)

Miain valve

Well head

Geothermal fluid
* Mercury manometer (steam flow rate) - -

Fig. 5.4-20 Piping for Measuring Flow Rate of GTE-8

(3) Measurement and results of production test

1) Down-hole measurement during producing (Tablc 5 4-8).
For the production test, down-hole temperature pressure and flow rate were measured by

changlng the flow rate in three stages.
Temperature and pressure for every ten meters are shown in Tabie 5.4-9 and Frg 5.4-21.

The table and figure aiso show temperature and pressure under static conditions at about the

same fime.
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Table 5.4-8. Summary. of Well Logging in Production Test of GTE-8

Stage
2
Hem ® ® ®
Date Oct, 12, 1987 Oct. 13, 1987 Oct. 14, 1987
Drilling depth 1,03t m 1,031 m 1,031 m
Depth of measurement 0~1,031m 0~1,031m 0~1,031 m
) : .
Well head pressure %atz &g]’{{ggm% 2.2 kg/em*G 3.1 kg/em*G
Total flow rate 456t/ 35.9 1/h 23.5t/h
Steam flow rate 1.2 t/h (0.4 kgfem®G) - | 1.1 t/h (0.35 kgfem®G) | 0.7 t/h (0.17 kg/em? G}
Hot water flow rate 444 t{h (0.3 kgfem?®G). | 34.8 t/h (0.3 kgfem®G) | 22.8 t{h (0.2 kgfem?G)

Temperature, Pressure

Temperature, Prassure

Temperature, Pressure

Sorts of measurement Flow rate

The following are obtained from the results of measurement:

(@® Temperature of producing fluid
Temperature beyond about 920 m decreases drastically in all three sages while
temperature in the zone shallower than 920 m is constant. Therefore, temperature of the
producing fluid is estimated to be 124°C. '
® Flow-in depth of producing fluid.
From the inflection point of the temperature logging and the measurement of t‘ne flow
meter, ﬂow-m depth of flushing is between 915 m and 930 m.
(3 Produotivity index
A productivity index which represents the capacity of producing fimd from a well is
calculated from the total amount of flow and amount of pressure draw-down as follows:

For thla survey, the productlwty index is calculated from down-hole pressure
.measurement in the three stages as follows: '

Pl =

G/(Pe- Pw)
| & G productivity index (t/h)/ (kg/ em’)
G total amount of flow (t/h) _
- Pe reservoir pressure at flow-in depth (kg/ cm’)
Pw : pressre in the well at flow-in depth (kg/cm®)

For this survey, the productmty mdex is calculated from down-hole pressure measurement
in the three stages as follows:

Pl = AG/AP
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. The pressures in the hole and the total amounts of flow at 920 m are as follows;

Pw = 869 kg/om’G Gy = 456 t/h
Pw: = 884kg/em’G Gy =359t/h
Pws = 888kg/em’G  G;=23.5t/h

From the values above o _
PI' = (G~ Gi)/(Pws -~ Pwi) = 12 (t/h)/ (ke/cm’)
PI” = (Gi~ G){(Pw2 — Pwn) = 7 (t/ b}/ (kg/om’)
PI”' = (Gz ~ G3)/(Pws — Pw2) = 31 (t/h)/(kg/cm’)

The average value of production indices is:
Pl = 17 (t/h)/(kg/cm®)
® Tranémittivity _ ,
“Transmissivity, which represents permeability of a reservoir, is calculated as follows by
assuming single phase fluid flow; '
Z2akhr

Gz*—'*"—“—_—— . (Pe _PW)
s2en(re/rw)

Therefore,
Khe G ._ﬂ.f.n(re/rw) —pp. uin(re/rw)
Pe —Pw 2ar 2rr

where,

Kh : transmissivity m’

G total amount of flow t/h -

K permeability m? _

h : effective thickness of reservoir m

7 specific gravity of fluid kg/m’

s coefficient of viscosity of fluid kg.sec/m’

re radius of effective zone m

rw @ radius of well m .

Pe : reservair pressure at flow-in depth kg/m’

Pw : pressure in a well at flow-in depth kg/m”

As calculation condition,

u  =0238 X x10- kg-sec/m’

ro =9472kg/m’ _

Pw = 90 kg/em” abs, Tw = 124°C
£n(re/rw) = 5.0 ' _
PL =17 (t/h)/(kgfem’) = 47X10- (kg/sec)/(ke/m’)
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2)

3)

Therefore,

_ 0.238X10-4X5.0X4,7X10-*
2X3.14X947.2

Kh

= 9.4X10 "m’ = 9 darcy-m

The productivity of GTE-8 and characteristics of the reservoir arc as follows:

Temperature of flushing fluid: 124°C
Flow-in depth of fluid: around 915 m to 930 m
Productivity index: 17(t/h)/(kg/cm’)
Transmissivity: 9.4X10~"? m’ = 9 darcy-m
Characteristics of flow rate
A characteristic curve of the flow rate is illustrated from measurements of flow rate against
change of well head pressure by using the pipe line for flow rate measurement.

The results are presented in Table 5.4-10 and Fig, 5.4-22,

“The maximum flow, with valve being full open is 45.6 t/h at well head pressure of 1.2
kg/cm’G. The minimum is 45.6 t/h at wellhead pressure of 1.2 kg/cm’G. The minimum flow
as valuc was gradually narrowed, is 16.7 t/h at well head pressure of 3.4 kg/cm’G.

Production test of flow rate

After measurements such as flow rate test were completed a production test was continued
for 30 days with valve completely open to study the change of flow rate with the passage of
time. ' ' .

Well head pressure and f{low rate of GTE-6 were recorded simultancously to study th
influenoe of producing on other wells.

The change of flow rate with the passage of time is illustrated in Fig. 5.4-23.

It can be seen that well head pressure of GTE-8 changed very little, and flow rate deceased

~ from 46 t/h 1o 44 t/h during the approximately 30 days of continuous producing.

Welthead pressure of GTE-6 decreased 0.1 kg/en’G and its flow rate also decreased 1.7
t/h because GTE-6 was affected by the producing of GTE-8. However, wellhead pressure and
flow rate returned 1o the original values after producing of GTE-8 was stopped.
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Table 5.4-10 Result of Characteristic of Flow Rate for GTE-8

Steam flow rate Hot water flow rate
Well head Total : : : : S ,
Date pressure flow rate Flow rate Line Flow rate Line - | Remarks
(kgfem*G) (t/h) (t/h) Ppressure (/) pressure
(kgfem?*G) - (kg/cm*G)
Oct. 12, 1987 1.2 45.6 12 0.4 44.4 03 A e,
Oct. 13,1987 2.2 35.9 1.1 035 34.8 03"
Qct. 14, 1987 3.1 23.5 0.7 0.17 22.8 0.2
Oct 16, 1987 34 16.7 0.5 0.05 16.2° 10.05
Oct 16, 1987 2.7 29.2 0.5 0.22 28.3 0.2
Oct 16, 1987 1.8 39.8 1.1 0.36 387 035
80
50
Total flow rate
-
4 e
z | .
R 30 >
z ~J
& -
\\
20 oy
y
s .
'l
10
0 PR PR
0 1.0 20 30 4.0

5.5 Fleid Geochemistry

5.5.1 Objectives

———— Well head pressure (kg/cm?G)

Fig. 5.4-22 Characteristic Curve of Flow Rate of GTE-8

To elucidate the chemical properties of the geothermal fluid ejected from the exploratory well
GTE-8, analysis of the steam, water condensed, and the therr_nal_ water from GTE-8 were c'ar_n'ed

— 296 —

N



e

i

out.

552 Result of Survey

The results of analysis of the steam, water condensed, and the thermal water from GTE-8 are
shown from Table 5.5-1 to 5.5-3. _

Sampl_és of steam and water condensed are separated from the thermal water and taken by a
small separator attached to the two phase flow line at GTE-8. The thermal water is sampled at
atmospherié pressure. There -are two wells, GTE-6 and EGAT-1, which are the only two survey
wells ejecting fluid continuously in the San Kampacng area. Periedical survey is conducted on
these two wells by EGAT, and the results of this suivey are shown in Table 5.5-3 as reference.

5.5.3 Characteristics of Chemical Property

(1) Steam - _

The composition of uncondensable gas' consists of mostly CO; at 90% of volume, and a small
portion of N, at 6.19% of volume. The result of the steam properties analysis at GTE-8 indicates
presence of Hz - N2 - CHz. The three component system is shown in Fig. 5.5-1 together with the
results of hot spring gas analysis in the San Kampaeng atea. The three component system is
obtained only for the GTE-8, and as such the results can not be compared with the other survey
wells. It is consideréd, nevertheless; that the H> - N2 - CQ4 composition is a common property of
gas throughout the avea. :

In general, it is-possible to study the genetics of gas and the genetic mechanism of a
geothermal teservoir by apalyzing the inert gas composition (He, Ar, N2) in the steam ejected.

On the other hand, the ratio of He/Ar in the stcam from GTE-8 is found to be 5.07X1072 and
this value is much larger than that of 1.6X10™" in water under stable conditions in open air. This

‘result suggests that steam from GTE-8 has accumulated helium generated from the earth crust.

) Water: condensed from steam "

‘The water condensed from the steam of GTE-8 shows weak acidic property of pH 5.50, and
traces of As and Hg are detected.

Although the concentration of SO in the dissolved: components is found to be a rather high
value; a numbf:r of days elapsed from the sampling in the field to the time of analysis, and
therefore, the high SO concentration is considered to have resulted from the oxidation of
dissolved H,S. ' ' '

(3) Thermal watel

“"The thermal water obtamcd from GTE-8 is alkaline with pH 9.36, and the suspended solid is
Judging from both the major. cation composition (Fig 5. 5-2) and the major anion composition
(Fig.5.5-3) of the thermal water from GTE-8, it is found that the major chernical component is

" found to be’ Na~HC03-S04 .

- These charactcnstics of the thermal water obtamed from GTE-§ are comimon as well to the hot
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waters obtained from GTE-6 and EGAT-I, and the genesis mechanisms of these fluids is
considered to be similar,

5.54 Consideration on Geothermal Fluid from Geochemical Vi_ew»Point

(1) Geochemically measured temperature o

To estimate the maximum temperature which the geothermal ﬂmd has experienced, ‘geo-
chemical temperature is calculated using the results of thermal water analyses. The geochemical
‘thermometers used are shown in Table 5.54, and the calculated results are shown in Table 5.5-5
for GTE-8, GTE-6 and EGAT-1. _ ' .

The five geochemical temperatures calculated for GTE-8 are scattered widely between
161~196°C. . : ' :

In general, geochemical temperature is estimated by the temperature dependency of the ion
exchange reaction between thermal water and wall rock, and the equilibrium constant of the
quariz dissolving reaction. This estimation rests besically on the premise that cheimcal reaction -
occurs under stable conditions deep underground and the thermal water naes to. the ground
surface with the original stable environment remaining uncha.nge,d : '

‘However, it .is considered that there is a problem with the reliability of the geoch\.mlcal
temperature estimated from the water-rock reaction because the hot water obtained from the San
Kampaeng area, such as that from GTE-8, has iow dissolved chemical content. S

However, the temperature estimated from the silica content and the Na/K ratio for thermal
fluid from GTE-8 is found to be between 160~180°C. Subsequently, the temperature of the fluid
which flows into the GTE-8 survey well drbps to 120-<130°C, during the ascension of the fluid
from the geothermal reservoir by cooling due to the thermal conduction, as concluded from actual
temperature measurement in the bore hole and from calculation of the vapor/liquid ratio. The
same tendency as above is observed for the GTE-6 and EGAT-1 survey wells also.

(2) Genesis mechanism of geothermal reservoir estimated from chemical characteristics
Judging from the low dissolved chemical content, two possible mechanisms for genesis of the
fluid obtained from the GTE-8 survey well are considered:

(O The water penetrating underground from the ground snrface is heated by contact with the
geothermal reservoir host rock whlch exhibits low thermal activity.

(@ The water penetrating from the gound surface to deep underground is heated by
geothermal vapor which has separated from the geothermat fluid.

To further consider the genetic mechanism, a B/Cl chart has been prepared (Fig. 5.5-4)..

"It is known that the B/Cl ratio reflects .the chemical characteristics of the host rock of the
geothermal reservoir, and is altered by the steam heating type geothermal reservoir mech_anism._= In
general, the B/C1 ratio of the hot water in a volcanic rock zone and/or-pyroclastic rock zone is -
usually 0.02~0.07. The B/C1 ratio of hot water from sedimentary rock as the geothermal reservoir
host rock is usually around 1.0. On the other hand, a higher B/CI ratio is generally observed in
the steam from the geothermal area heated mainly by steam, than that of the water heated by the
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host rock, because B is more concentrated in steam due to the difference in vapor pressure
between B and Cl. :

In Fig. 5.5-4, the B/C1 ratio of GTE-8 is found to be near the 1.0 line and that of GTE-6 and
EGAT-! is found to be near the 0.5 fine,

Hence, the B/Cl ratio of the hot water obtained from the survey well in this area seems to be
almost the same as that of thermal water from sedimentary rock as the geothermal host rock. This
result agrees with the actual geologic condition; however, there is some possiblity of a stream
heating mechanism because of the low dissolved chemical content. In addition to the comparison
of B/C1 ratio and geologic conditions of the various survey wells in the San Kampaeng area. It is
also necessary to analyse HCO; and its carbon isotope concentration, as these are rnajor
components of hot water and steam. The origin of CO, in the thermal water and the steam a
resulting from organic substances in the sedlmentary rock, or as resulting from voleanic pgas must
be subsequently determined. ]

Further, judging from the Noj Ar gas component tatio, the effect of groundwater seems to be
large on the temperature of thermal water in the survey wells. However, the He/Ar ratio is much
larger than the predicted value from the dissolved air in the groundwater. '

Hence, the origin of helium is estimated as resulting from the accumulation of He from
radioactive elements. The origin of He from radioactive clements can be confirmed by the
*He/*He ratio, and this analysis is important to determine whether the geothermal system in this
suirvey area possesses a structure capable of accumlating gas originated from the earth’s crust.

5.5.5 Summary

The following are concluded from the results of GTE-8 field survey and the results of chemical
survey. of existing geothermal wells and hot springs in the San Kampaeng area.

(D The chemical character of the thermal water and hot spring water is similar throughout the
area, ie., the major chernical components are Na, Sos and HCO, and the concentration of
dissolved chemical comnonents is found to be low.

The gas component from the geothermal wells and hot springs in the area is similar i.c.,
the major components are CO; and N~

Judging from the N2/ Ar ratio of gas, the geothermal fluid in this area is greatly influenced
by surface water. '

The He/Ar ratio of the gas is larger than that of the air dlssolved in the groundwater.

Thete is a possibility of the He accumulation being sourced from rad10 active clements.
The geochemical temperature is about 200°C at its maximum.

@@_@ ® ©

The B/Cl ratio of thermal water shows a value for hot watér emanating from sedmlentary
rock as the geothermal reservoir host rock. It is not clear whether the water is heated by
steam or not, because of the limited amount of data obtained.

To clarify the heating mechanism of the fluid and its behavior further, additional geochemical
survey on the following items would be considered effective,

- (O To estimate the origin of water and the duration time for the reaction with a host rock
qualitatively, it is effective to analyse the isotopic ratio of the hydrogen and oxygen in the
thermal water underground.
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@ To confirm the correspondence between the geothermal reservoir host rock and the B/Cl
ratio of the hot spring water, it would be effective to measure the B/Cl rano of hot spring

water throughout the area and its environs: :
® To clarify the gas source, it would be effectwe to ana]yse the *He/ 4Ht: ratlo in the gas.
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Fig. 5.2-2 - Drilling Chart of GTE-8
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Table 5.2-3 Breakdown of Drilling Work of GTE-8 (1)

No. of

No. of

Dcpt]'l Work Items Period Calendar | Working ?1::;?
days days
0.00 m ~ 1986
37.00 m 12-1/4" T.B (0.00 m ~ 37.00 m} Nov, 13 ~ Nov. 16 4 4 ¢
10* C.P insertion Nov. 17 1 1 0
Wait on cement Nov. 18 1 1 1
) Total 6 s 1
37.00 m ~ 9.5/8” T.B (37.00 m ~ 56.04 m) Nov. 19 ~ Nov.20 2 2 0
203.00 m 'Cementing, Drilling out cement Nov.21 1 1 ¢
9-5/8 T.B (56.04 m ~ $21.50 m) Nov. 22 ~ Nov.27 6 6 [¢]
S oning: Waiting oncoment, - Nov. 28 ~ Név. 30 3 3 0
9-5/8 T.B (121.50 m ~ £37.51 1) Dec. 1 ~ Dec. 4 4 4 0
Driling oot coment Dec. § ~ Dec. 8 4 4 0
9-5/8" T.B (137.51 m~ 13922 m) Dec. 9 i 1 0
TS]S"_T.B'(] 39.22m ~ 14447 m) Pec. 10 ~ Dec, 11 2 2 0
Fishing T.B cone Dec. 12 1 1 0
7-5/8" T.B (14447 m ~ 150.40 m) Dee. 13 ~ Dec. 15 3 3 0
5-5/8" T.B {150.40 m ~ 203.00 m) Dec. 16 ~ Dec. 22 1 7 0
Weli logging Dec. 23 1 1 0
9-5/8" T.B reaming (139.22m ~ 145.20m) | Dec 24 ~ Dec. 26 3 3 0
Cementing {145.20 m ~ 203.00 m) Dec. 27 1 1 t
Material procurement and machine 1987
mainfenance - Dec, 28 ~ JYan, 10 14 11 3
Preparation of 8§ C.P Insertion Jen, 11 ~ Jan, 12 2 2 0
8" C.P insertion, Cementing Jan. 13 1 1 4
Wait on cement Jan. 14 1 1 0
: Total 57 54 3
203.[‘:(;:-10-5 . - (71%;82('}!‘“]]3 Przlggaggtrlé)cement and reatning Jam. 15 ~ Jan, 20 6 P 0
’1-5]8 T.B (203.00 m ~ 23544 m) Jan. 21 ~ Jan. 24 4 4 0
5.5/8" T.B (235.44 m ~ 337.45 m) Jan. 25 ~ Feb, 2 9 9 0
Well logging, Cemenlmg Feb. i 1 0
Wait on cement Feb. 4 1 ] 0
2'253[5841;1‘]1? Dr:;i:il;ni oun:)cement and reaning Feb. 5 ~ Feb. 10 P 6 0
7-5/8" T.B (33745m ~ 424.00 m} Feb. 11 ~ Feb. 15 5 5 0
Well logging Feb. 16 1 1 0
6" C.P Insertion, Cementmg Feb. 17 1 1 0
Wait on cement Feb. 12 - Feb 19 2 2 0
. Total 36 36 0
T T e 20 Clo ]
' 5-5/8 T.B (424.00 m ~ 435.94 m) Feb: 21 1 1
Cementlng h Feb. 22 1 1
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Table 5.2-3 Breakdown of Drilling Work of GTE-8 (2)

No...of

No. of .

Depth Work Items Period Calendar | Working | o
. ays
days days .
424,00 m ~ Brilling out cement Feb, 23 1 0 1
S18.07m | 5 5/8 7.8 (435.94 m ~ 499.00 m Feb. 24 ~ Mar 2 | 7 7 0
Machine repairs ] Mar. 3 1 1 0
HQWL Coring (499.00 m ~ 501.6% m) Mar. 4 -1 1 0
Well logging  Mar. 5~ Mar T 3 T3 o -
Cementing Mar, 8 ' 1 1 0 .
Measurement of hole deviation Mar. 9 1 1. G
Drilling out cement Mar. 10 ) 1. 1 0
HQ-WL Coring (501.69 m ~ 518.07 m) Mar, 11 ~ Mar. 14 4 _ 4 0
Cementing, Wait on cement Mar, 15 ~ Mar. 17 3 3 0
' Total 26 25 1
51807 m ~ Preparation of Drilting May 27 ~ May 28 : 1. 2 ¢
735.00m | 5.5/ TR Drilling out cement May 29 ~ May 31 3 3 0
HQ-WL Coring (518.07 m ~ 653.44 m) Jum. § o~ Jun. 11 13 11 0
5-5/8” T.B Reaming (1o 654.00 m) Jun. 12 ~ Jun. 22 11 13 Q
Well logging Jun. 23 ~ Jun. 25 -3 -3 o
Cemenling Jun. 26 1 1 0
Wait on cement, Drilling out cement Jun. 27 ~ Jun. 29 3 3 ¢
HQ-WL Coring (654,00 m ~ 656.64 m) ~ Jun. 30 1 1 0
Cementing, Wait on cement, : . : :
Drilling out cement Jun, 1 Jul. 2 ) 2 _ 2 0
5-5/8" T.B (654.00 m ~ 755.00m) Jul. 3 ~ Jul 16 14 14 - [
Well iogging Jul. 17 ~ Jul. 19 3 3 0
Cementing, Wait on cement, . . -
Drilling out cement Jul. 20 ~ Jul. 24 ) 5_ 5 0
4-1/2' C.P Insertion, Cementing, Wait on : " : . e .
cement - Jul. 25 J.ul. 28 4 4 ]
Total 63 | 63 0
755.00 m ~ "HQ-WL Coring (755.00 m ~ 914.59 m) Jul. 29 ~ Aug 11 14 14 0
1045.00 m Well logging, Flow test Alig. 1_2 ~ Aug. 19 1 8 0
Cementing, Wait on cenment, : : ' . .
Drilling out cement Aug.20 ~ Sep. S 7. _ 17 -0
HQ-WL Coring (914.59 m ~ 1031.8% m) ~Sep. ~ Qci. 3 28 - 28 0
Preparation of Production test Oct. ~ Qct. 8 5 -5 0
Weli Togging, Produclion test Oct. -9 ~ Oct, 17 9 ] i}
Flow test, Machine maintenance Oct. 18 ~ Nov.17 3 31 . 0
Weli logging Nov. 18 ~ Nov. 19. 2 ]
Preparation of D1jiing Nov.20 ~ MNov. 24 - [t}
HQ-WL Coring (1031.8% m ~ 1049.84 m} Nov.25 ~ Dec 10 10 . 0
Miscellaneous work Dec. § ~ Dec 3 3 0
f},"“}ﬁ“s of Brak drum, !nspecuon of Drilling Dec. § ~ Dec. 16 -. 9. 9 o
Well logging Bee. 17~ Dec. 19 37 3 o
Total R TR A P 0
Grand Total a3z | 327 5
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Table 5.2-5 Lost Circulation and Drilling Mud of GTE-8

Denth of Lo Wat Mud circulation infout .
P OF ost atet Rocks (ost (~) or over (+) flow} Drilling mud used
circulation level . B
e (%/min) T
8.00 m Silistone . 7007683 * (<17) Tel-stop (grain) Skg -
61.80m Shale & S S o
~79.60m 17m Siltstone _ 730/720 .(-40 -60) Té]-sto? (pgwder)_ 25kg
' ' _ o Telstop (grain) 134 kg
1 151"2212 n 8m g?:lesil dstone | 780730 (-40~-50) | Telstop (powder) ~ 100kg
Shenm @ sanésta . Cement slurry 24002
.13‘7.51 m Fine sandstone -780{’}.'30 (—Sb) .Ceme‘g\_t sll:m‘y 4090 2
272.80 m Shale & : 5 Telstop (powder) ~ 4kg
~27934m Fine sandstone | 0007 (84D ) Gomentslury - 20518
' . : ' Tel-stop (powder) 2kg
435.94 m Fine sandstone 380/374 (-6) Cement slurry 1485 ¢
472.94 m . : Tel;stop (powder) 2kg
~48400m Fine sandstone | 380/385 (+3) Cementslurry 2502 kg
380/0  (-380) - '
484.00m - Fine sandstone Recovered by - Tel-stop {grain) 16 kg -
supplementing mud
B —J . : .- . - . .
484.00 m . . ~ e . o
~ 49900 m Fine sandstone 380/385 (jrS): Tel-sfop_ (grain) | 29kg R
501.69 m Fine sandstone | 120/370 (-250) Cementslury 2361 ¢
518.07 m Fine sandstone | 110260 (~150) Cemeptslurry = 28338
643.24m - Fine sandstone 110/0 (-110) Cement slurry T 79628
706.92 m Fine sandstone 350/0  (-350) * Cement siimy 10284 2
907.00 m Pine sandstone | 110/0  (~110) Cementslurry 26063 &
91545 m Fine sandstone | 150/@  (~150)
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Table 5.3-1 X-ray Diffraction Data of Altered Rock of GTE-8

onstituent
Mineral : :a
Depth : £ © Remark
- 83 Tl 2| e
g | 2 S8 ®
Rock 5| % 5|8 &
s06.90 | Quertzose | g | A el oo O Much
sand stone
: O Common
gaza | Qo | g ) g °| e A Few
: sand stong
® Very rare
'872.10 Beccia @ o
906.49 Quartzose o | a . Al @
sand stone _
90700 | Quartzore | e | A el e
-sand stone .
. Quarizose '
928.00 @@ ¢ o
i sand stone |
: Quartzose P
972'90. sand stone ©
1,023.59 Quartzose ol e .
sand stone |
T gbie 532 Hamegenizéd Femperature of Finid Inclusion of GTE-§
Depth - Mineral - Homegenized Temperature (°C)
872.10m Vein quartz 121, 121, 126
1,023.59m Vein quartz 119, 1 19,122,122,12.4,134
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Table 5.4-9 GTE-8 Well Logging (1)

(Drilling Depth 1,031.89 m, Casing Depth 752.50 m)

State Static Dynamic 1 . Dynamic 2 i_)ynémic 3
Date Oct. 9, 1987 Oct. 12, 1987 Oct. 13, 1987. Oct. 14,1987
Blow out stop Oci. 7 | well hcéid press. - Well hcé& pr_e'ss. _ Weﬂ. head_p:ess. o
8:40 1.2 kefem® G _ 22%glem*G | © 3 kglem®G
gt =51 e Total flow-rate 456 t/h | Total flow-rate 35.9 t/h | Total flow-rate 23.5 t/h
Well head press. Steam flow-rate 1.2 t/h | Steam flow-rate 1.1t/ | Stem flow-rate. 0.7 t/h
3.1 kgfem?G {at 0.4 kgfem?G) (at 0,35 kgfem*G) {at 0.17 kg/em?G)
Hot water flow-rate Hot water flow-rate Hot water flow-rate .
444 tjh ' 34.8 t/h . 228t/
(at 0.3 kgfem* G) Lo {at03 kgfem?*G) (at 0.2 kgfem?G)
Depth T P T P T P T | ¢ |
(m) C) (kgfem® G) (°C) (kglem?G) C(CC) - |(kglem? G) (0 {kglem?G)
0 aa7 | 11 1206 | 11 1208 | 19 1194 | 3.0
10 75.7 4.0 121.5 2.0 1214 2.8 119.9 3.9
20 883 | 5.0 1216 | 2.9 1212 | 38 1201 | 4.9
30 842 | 6.0 124.7 38 121.3 47 120.2 5.8
40 196 6.9 121.8 4.8 121.4 5.7 1204 6.7
50 78.5 7.9 1219 | 57 1215 | 6.6 1205 | 1.6
50 819 8.9 122.0 6.6 121.6 16 120.6 8.6
70 87.5 | 9.8 1220 | 76 1206 | 85 1208 | 96
80 92.6 | 10.8 122.4 8.5 1217 9.5 | 1209} 105
90 967 | 117 122.1 9.4 1208 104 11216 | 115
100 99.2 | 126 1222 | 103 121.8 | 114 1201 | 124
10 98.5 | 136 1222 | 113 1219 | 123 1212 | 133
20 98.1 | 145 1222 | 123 121.9 | 133 1212 | 143
30 979 | 155 1223 | 132 1220 |- 142 1213 | 152
40 98.6 | 16.4 1223 | 144 1221 | 152 1213 | 162
50 982 | 173 1224 | 150 1221 | 161 1204 | 171
60 98.7 | 183 1224 | 16.0 1221 | 17.0 1215 | 180
70 992 | 19.2 1225 | 16.9 12221 18.0 T1215 | 189
30 99.9 | 201 1225 | 119 1222 | 189 1216 | 199
90 1008 | 211 1226 .| 18.8 1223 | 199 1216 -} - 208
200 | 1015 | 220 1226 | 197 1223 | 208 1215 | 217
w |19 | 229 1226 | 206 1224 | 217 a7 | 227
20 1025 | 23.8 1227 | 216 1224 | 22.7. 1218 | 236
30 104.7 24.3 1227 22.5 122.4 23.7 1219 4.6
40 106.0 | 25.7 1227 | 235 122.5 | 246 1219 255
50 1054 | 266 1228 | 244 122.5 | 255 1220 | 264
60 1048 | 276 1228 | 253 1226 | 264 1220 | 274
70 104.2 | 285 1228 | 262 122.6. ] 274 1221 | 283
80 | 1041 | 294 1228 | 272 1226 | 283 1221 | 292"
90 1047 | 303 1229 { 281 1227 | 293 1222 | 302
300 1052 | 313 1229 | 250 1227 | 302 1222 1 311
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Table 5.4-9 GTE-8 Well Logging {2)

Dépih ‘ Sfalic Dynamic 1 Dynamic 2 -Dynamic 3
(m) T P T P T F T P
CC). |tkefem?G) 0 xegfem?G) CC)  |telem?G) €O |(kglemG}
10 105.5 | 322 123.0 | 299 1228 | 311 1223 | 320
20 105.7 | 331 1230 | 309 1228 | 321 1223 | 329
30 [ 1062 | 340 1230 | 318 1228 | 330 1224 | 338
40 1072 | 350 1230 | 327 122.9 | 339 1224 | 34.8
50 | 1077 | 359 123.1 | 337 1229 | 349 122.4 | 35
60 107.9 | 36.8 1231 | 346 1229 | 358 122.5 | 366
70 108.1 | 37.8 123.1.| 355 1230 | 36.8 1223 | 376
80 1083 | 387 1232 | 365 123.0 | 377 1225 | 385
90 1079 | 396 1232 | 374 123.0 | 387 1226 | 394
400 | 108.0°| 405 1232 | 383 1230 | 396 1226 | 40.3
10 | 1082 | 415 1233 | 393 1231 | 4035 1227 | 413
20 1084 | 424 1233 | 402 1231 | 415 1227 | 422
30 1086 | 433 1233 | 412 1234 | 425 122.8 | 43.1
40 1089 | 443 1233 | 421 1232 | 434 1228 | 441
50 109.2 | 452 1234 | 430 1232 | 443 1229 | 450
60 | 1094 | 462 1234 | 439 123.3 | 453 1229 | 46.0
0 1097 | 471 1234 | 449 1233 | 462 1229 | 469
80 109.9 | 48.0 1234 | 458 1233 | 47.1 1230 | 478
90 1101 | 49.0 1235 | 46.8 1233 | 481 1230 | 488
500 1102 | 499 1235 | 417 1234 | 490 123.1 | 497
10 1103 | 508 1235 ] 486 1234 | 50.0 1231 | 507
20 1103 | 517 1236 | 49.5 1235 | 509 123.1 | 516
30 1104 | 527 1236 | 505 123.5 | 518 123.2 | 525
40 1104 | 536 1236 | 514 123.5 | '52.8 1233 | 534
500 | 1106 | 545 1237 | 523 1236 | 537 1233 { 543
60 1107 | $5.5 1237 | 532 1236 | 54.7 1233 | 552
70 |. 1109 | 564 1237 | 542 1236 | 55.6 1234 | 562
80 12 | 573 1237|551 1236 | 566 1234 | 571
90 116 | 583 1237 | 561 1237 | 575 1235 | 580
600 1119 | 592 1238 | 57.0 1237 | 584 1235 | 589
10 1122 | 602 1238 | 580 123.7 | 59.4 1235 | 59.9
20 | 1125.] 611 - 1238 | 589 1238 | 60.3 1236 | 60.8
30 . |.1128 | 620 1239 | 598 1238 | 61.3 1236 | 617
40 | 1130 | 63.0 1239 | 608 1238 | 622 1236 | 62.7
so | 132 | 639 1239 | 617 1239 63.2 1237 | 636
60 1135 | 64.9 1239 | 627 1239 |. 641 1237 | 646
70 1137 | 6538 1239 | 636 1239 | 65. 1238 | 655
80 1138 | 66.7 1239 | 645 1239 | 660 1238 | 664
90 | 1140 | 676 1240 | 655 124.0 | 670 1238 | 67.3
700 1142 | 686 1240 | 664 1240 | 67.9 1239 | 683
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Table 5.4-9 GTE-8 Well Logging 3)

Dopth Static Dynami_c 1 ‘ Dyn‘éinic 2 Dyﬁamic 3
{m} T |3 T - P T - P T P -
CO  |ikg/em?G) 0 J{kgfem*G) °C) ° |[(kglem*G) Q) [(kglem?*G)| -
10 1146 | 695 1240 | 613 "1240.1 688 1238 | 692
20 114.9 | 104 1240 | 683 124.1 | 69.8 1239 | 701
30 1s2 { 714 1240 | 693 1241 | 707 1239 | 711
40 1154 | 723 1241 | 701 12417 | 716 1240 | 720
50 155 | 732 1241 | 710 1241 | 725 1240 | 729
60 | 1157 | 742 1241 | 7120 124.1 | 735 1240 | 739
10 ueo | 751 1240 [ 729 1241 | 744 1241 | 74.8
86 | 1163| 760 1241 | 739 1241 |- 754 124.0-| 758
99 1162 | 769 1242 | 748 1242 | 763 1241 | 767
300 1164 | 179 1242 | 157 1242 | 13 241 | 116
10 116.7 | 188 1242 | 767 1242 | 782 1241 | 786
20 | 1T | 791 1242 | 776 1242 | 9.1 1242 | 798
30 1176 | 807 1242 | 785 1242 | 80.1 1242 | 805
40 1181 | 816 1242 | 794 1243 | 810 1242 | 815
50 1186 | 825 1242 | 804 1243 | 81.9 1242 | 824
60 119.2 | 835 1242 | 813 1242 | 89 1241 | 833
70 119.8 | 84.4 1242 | 822 1242 | 838 1241 | 842
80 | 1205 | 853 1242 | 831 1242 | 847 1241 | 851
90 1213 | 862 1242 | 840 1242 | 856 1241 | 86.0
900 1221 | 872 1241 | 85.0 1242 | 866 1241 | 870
10 123.1 | 88 1240 | 860 . 1242 |- 875 1242 | 879
20 1239 | 89.0 1231 | 86.9 1242 | 884 1232 | 888
30 1226 | 809 1223 | 878 1231 | 89.3 1209 | 897
40 121.0 | 90.8 1209 | 887 121.0 | 902 1210 | 90.6
50 1202 | 917 1209 | 896 1210 | 9Ll 121.3.| ‘915
60 118.8 92.7" 121.0 90.6 121.1 92.1 1214 92.4
70 1188 | 936 121.0 | 915 1212 | 93.0 1215 | 933
80 1188 | 945 121.0 | 924 1212 | 94.0 1215|942
90 1188 | 95.5 121.0 | 93.3 1203 | 949 1215 | 952
1000 1186 | 9.4 1202 | 942 1214 | 958 12127 961
10 1189 | 973 1207 | 95.1 1206 | 96.7 1215 970
20 1200 | 982 1206 | 960 1210 | 97.6 1214 |- 979
30 1203 | 99.2 1206 | 97.0 1211 | 986 1215 | 989
31 1203 { 99.3 1206 | 971 1211 | 987 121.5° | '99.0
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Table 5.5-1 Analytical Result of Water Steam of GTE-8

Welt (Sampling date) GTE-8 (Oct. 17, '87)
Liﬁuid-vapour separate pressure (kglem®G) 0.2
Total gas in steam (vol %) 0.83
H,S {vol %) 2.60
. g CO, (VO] %) 90.6
'-‘:"é N, (vol %) 6.19
Y H, (ppm) 2230
S CH, (ppm) 2540
S He (ppm) 63.9
Ar. (ppm) 1260

Table 5.5-2 Analytical Result ¢f Condensed Water of GTE-8

Component

GET-8 (Oct. 15,787)

Electrical conduetivity
pH '
Si0,

Cl
S0,
‘Na
K-
Ca
Mg
Fe
Al
As
He -
- total-CO,
Ha,S

#Sfem

mgf?
mgf?
mgf®
mgf?
mgff
mg/2
megff -
mg/R
mgfe
mg/f
mg/?

' mgﬂl

mg/? -

974
5.50
0.07
0.02
113
-0.03
0.04
<0.01
<0.01
.<0.01
<0.01
0.015
1.1
164
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Table 5.5—3 Analytical Result of Hot Water of GTE-8, GTE-6 and EGAT-1

GET-8

Component (Oct. 15,°87) (MéGfi'g.§87 oy 16,1
. 15, . y 18,787) (May 18,°87)
Electrical conductivity - uSfem 710 742 740
pH 936 - 93 92
$i0, mg/? 173 . 158 144
cl mg/1 4.28 169 12.0
S0, - mg/9 76.7 24.8 44.2
H,C0, mg/? 024
HCO, mg/8 233 236 289
CO, mg/¢ 40.5 54 © 168
Na mg/f 148 146 146'.
K mgf¥ 14.2 15.8 14.0 |
Li mg/8 037 | 0.32 0.32
Ca mg/2 2.28 171 2.86
Mg mg/2 0.06 0.16 0.22
Fo mg/® 0.03 <013 <0.13
Al mg/2? 0.24 <1.1 <i.l
Mn mg/% 0.03 <0.03 <0.03
B mg/® 1.45 2,07 1.84
H,8 mg/e 4.8 28.5 25.5
TDS me/2 599 590 575
As ng/2 9 33 24
Hg np/?

<0.5
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Table 5.5-5 Geochemical Temperature of GTE-8, GTE-6 and EGAT-1

WELL oct 15,87 MS%,%? Mi??z‘al:-’lm
T-8i0, (adia.) ' | 161 T/ 152
T-8i0, (cond.) | o - ] 6s 159
T-NafK (Truesdell) 183 ‘ 196 o 183
T-Na/K (Fournier & Truesdell) 179 193 179
T-Na, K, Ca (Fournier & Trisesdel!) 19 206 193
Steam-Water ratio™ 123 — 124 S -
Downhole temperature 124 : - ' —~

{Unit: °C)

#* Data of under 30 t/h of total flow rate was excluded.
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6. Reservoir Evaluation
6.1 Method of Evaluation

In order to ¥Know the shape, extent, and structure of the reservoir, characteristics of fractures,
and characteristics of geothermal fluid contained in the geothermal reservoir in the area, many
surveys were carried out in the area and fruitful results were obtained. One such fruitful result was
producing of geothermal fluid from the exploratory well GTE-8. Many kinds of well measurement
and tests at the well, during producing of geothermal fluid, provided very important information
for analyzing behavior of the reservoir.

Here, data collected from ail the surveys and tests conducted are examined in an integrated
manner and the reservoir is evaluated by computer simultation in terms of change of temperature
and pressure in the reservoir if geothermal fluid is pumped from the well.

~The procedure of analysis is as shown in the following Fig. 6.1-1.

To set variables of the reserveir from the resulls of the first to third phése

survey.

To make a numerical model of the geothermal reservoir.

b

To simulate behavior of geothermal fluid in the reservoir.

:

To know change of pressure and temperature in the reservoir with the
passage of time. .

To evaluate the reservoir (capability and forecast).

Fig. 8.1-1  Flow Chart of Reservoir Analysis

(H Setting variables of the geothermal reservoir and making a numerical model of the reservoir

In order to determine the extent of the geothermal reservoir, shape, scale (vertical and
horizontal), and geological strucuture of the reservoir are examined. As a result, the area with high
temperature and bounded by faults is assumed to be the extent of the reservmr which is
horizontally 3 km by 1,5 km and centered on GTE-8 (Fig. 6.1-2).

Its vemcal extent is assumed to be to about 2 km depth besed on results of drllhng GTE-7 and
GTE—S, although data obtained therest is insufficient for precise estimation.

The numerical model of the reservoir consists of three By-three grids horizontally and two
layers vertically {Fig. 6.1-3).‘ .

In order to detcrmine values for all variables of the nuemerical model of the reservoir reference
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was made to resuits of all geophysical survey, well logs and productlon tests. .
I} Characteristics of the reservoir
(® Porosity : .
Porosity is set to a larger value than given by the core test because dore s'tmples are
solid rock and lost circulation was not stopped easily, - '

The porosities of each layer are as follows:

Layer 1 @ 7%
Layer2 : 10%

16)] Permeabxllty _
The results of production test at GTE-8 and condmons of lost circulation of the wells

were examined to determine permeability. Permeability varics dependmg on cells and is
between 3 and 20 m darcy. Permeability at the center of the reservoir is Iarge and that at

its fringe i is small.

(3 Heat conductivity, density and specific heat of rocks
Heat conductivity, density and specific heat of rocks do not very much with type of
lithology and lithofacies. Therefore, these are set to constant values in all cells as follows:

Heat conductivity: 10X10™" cal/cm sec®C
Density: 2.67 g/em® o
Specific heat: 0.25 keal/kg°C
2) Characteristics of geothermal fluid. _ _ _
Characteristics of geothermal fluid in the reservoir are set similar to those of fluid from
GTE-S. ' o
Témperature of fluid is set to 125°C. Vtscosuy and density of fluid are set by assummg
chemical content to be similar to that of geothermal fluid from GTE-8.
3) Initial condition '
Initial temperature and pressure distribution are set for each cell. Initial pressure is set to &
constant value for each layer (I*igs. 6.1-5~6).
4) Boundary conditions

A closed condition for the upper boundary and open conditions for other boundarlcs are

adopted for simulation, -
(2) AnalySls of fluid behavior in the reservoir

Assuming conservation of mass and energy, thc baSlC equations explammg movement of
goethermal fluid in a reservoir are as follows:
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Equation of mass conservation

. .
F _£. FP-G=¢ ..gﬁ_
/] - @t

Equation of encrgy conservation

4 l‘_f—aﬂpp-wz?'r—% -G- h#% (¢oh+(1-¢)0rCrT)

where

k : permeability (m®)

p :density of fluid (kg/%

u :viscosity of fluid (kg'sec/cm’)

P :pressure (kg/cm®) _

G praduction rate (t/h)

é : porosity

t :time (sec)

qu, : heat loss (k cal) _

h :specific enthalpy (keal/kg) =

pr : density of rock (kg/m’)

Gr : specific heat of rock {kcal/kg°C)
T :temperature (°C)

A :thermal conductivity (kealfm-h-°C)

The equation of mass conservation signifies the following:
GWace = GWin — (GWout + GWprod)

" where,
GWace : geothermal water accumulated in a grid cell)
GWin : geothermal water following into a grid cell
GWout : geothermal water following out of a grid cell
GWprod: production of geothermal water out of a cell

The equation of energy conservation signifies the following:
(Energy change) = (Enthalpy in) — (Heat out by production)

where,

(Energy change) change of energy in a cell

(Enthalpy in) _ : enthalpy flowing into and conducted into a cell
(Heat out by production) : loss of heat by fluid production and flowing out of a

cell '
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The simulation calculation ‘was performed on the three dimensional reservoir model by

applying these equations in computer anaysis.

(3) Calculation .
The condition of production from the reservoir are as follows:

The production zone is at the center (i-2, §-2) of layer 2. Geothermal fluid with. temperature of .

"125°C is produced continuously without reinjection of fluid. Pressure and temperature in the

reservoir are calculated for ten years,
Production rates are set at seven stages: 75, 250, 500, 1,000, 1,250, and 1,500 t/h.

6.2 Flow Analysis by Computer Simulation

The resuits of simulation show that the production zone reccives the greatest influence of
production. Therefore, behavior of geothermal fluid at the pro_ductibn Zone was giren focus.

Initial temperature distribution is shown in Fig, 6.2-1 and the calculated results of temperature
and pressure of each layer after ten years of productxon at 75 750, 1,500 t/k are shown in Fig.
6.2-2 to Fig. 6.2-7.

Change of temperature and pressure with the passage of time is shown in F1g 6 2-8.

The follosving are found from the results:

(D Temperature distribution after ten years of production is the same regardless of production’

rate. Even if productmn rate is high, temperature drop in the productron zone is as small
~as about 3°C from the initial temperature. '

® Pressure distribution after ten years of production shows pressure drop at the center of the
preducﬁon zone tegardiess of production rate. The larger the production rate is, the more
pressure drops. Pressure drop is not only inside of the proc!uctlon zone but also in the
surrounding area. ' :

(® Temperature and pressure change srmﬂdrly wrth the passage of tlme regardless of
production rate. .
Temperature decreases linearly with trme and pressure drops very quickly after starting

production and becomes stable after a short period of production.

6.3 Result of Analysis

Computer simulation of fluid behavior in the reservoir analyzed quantitative change of -

temperature and pressure during ten years of production.

Because simulation shows that temperature drop is small but pressure drop is large with a

large amount of production, the production rate from the. reservoir is. governed by the pressure
factor in the reservoir at the production zone. : :

Fig. 6.3-1 shows the relation between the productron rate and pressure drop in the reservorr at
the production zone. Production rate is linearly proportional to pressure drop.
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Therefore, it is very important to control adequately the pressure drop in the reservoir for
continuous production of geothermal fluid.
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. SUMMARIZED EVALUATION OF RESULTS OF SURVEY

As stated in the preceeding chapters. pertaining to survey results in each year, the extent of the
geothermal reservoir in the San mepaéng area was detected by fault tracing survey applied by
means -of the Fmgmprmt method, in addition to 100m depth underground temperature survey
carricd out during 1985, After that, the exploratory well GTE~8 was drilled by EGAT during the
period {from 1986 to 1987 in the detected reservoir area. The purpose of the drilling is as follows:

" (1) To demonstrate whether the geothermal reservoir is rich in fractures and is filled by

geothermal fluid,

(2) To collect information and data necessary for reservoir analysis.
o order to evaluate possibility of geothermal development in the San Kampaeng area, it is
necessary to obtain the following information furthermore:

(3) To evaluate fluid temperature,

and

{4) To estlmate the capacity of the fluid supply

GTE-8 was drilled under technical guidance of a JICA cngmee: during the period from 1986
to 1987 as mentioned above.. At the beginning of the drlllmg, the well was planned to drill to a

.depth of 1,500m, but owing to frequent lost circulation,encounter with hard rocks and shortage of

dril'iing bits, drilling work was stopped at a depth of 1,049.84m. From the results of production

logging and production test carried out before the end of drilling, necessary information and data

for evaluation of the geothermal réservoir and possibility of geothermal development were

- obtained.

The results of the survey arg as follows:

1. Hydrologic Structure of the Reservoir

{1} Distribution of fractures

During the drilling, sometimes there occurred lost circulation and after that, occurred emission
of geothermal fluid. From this fact, it has become clear that the geothermal reservoir detected by
fault’ tracmg survcy and underground temperdture survey is domlndnt in fractures However,
almost no fractures were fouud at the drlllmg of GTE-7 which is Iocatcd northeast of the reservoir.
Accordingly, the fr actures are assumed to be developed in 2 limited area and be scarece at the
surrounding area. Because of a few wells drilled in the reservoir area, it is difficult to clanfy the
extent of the geothermat reservoir in datail, but, }udgmg from the results of fault tracmg survey
and underground temperature’ survey, it may have a dimension of about 500m wide and 1,000m

' long with the direction from northwest to southeast.

Cons:dermg from the results that down hole temperature of GTE-8 decrcased as well as no
fractures at deeper than 930m and also GTE-2 encountered with the fractures at about 300m in

~ depth, but -bore hole temperature decreased, as well as no fracture at deeper than 300m, it is
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suggested that the fractures incline to east side. Although_there femain some unsolved problems on
reservoir structure yet, it can be said that the result of drilling of GTE-8 proved the existence of
the goethermal veservoir rich in fractures in the San Kampaeng arca.

{2 Permeablhty of the fractures

Production logging in a well is carried out to obtam productw:ty mdeh and transmrss:blhty

related to permeabnllty of the fractures.

During the drilling, GTE-8 encountered with fractmes at depths of 707m, 907m and 915m to
930m and geothermal fluid emitted from those fractures. In order to contmue dnllmg, fractures at
707m and 907m were filled by cement. Therefore produciion loggmg and production test were

carried out while geothermat fluid was emitting from the fractures at depths of 915m t6'930m. As’

- mentioned before, pressure difference (AP) and produetwn difference (AG) were measured to
obtain the value of production mdex (PI} Transm:ssnblhty (Kh) could be obtained from
calculation using the value of productivity index. The calculated tramm;ssxblhty shows 9 darcy-m

(910 ""m?), but this value is multiplier of permeability (K) and effective thickness of formation

- with fractures (h), then this value can not be used for judging the relative scale of permeabjhty of
fractures. On the other hand, productmty index reflects the relative scale of the permeabﬂxty of
fractures in some degree. The calculated productivity index indicated It h/ kg/cm® which means
that by lowering (or raising) pressure each Ikg/em®, 17t/h of the produced fluid increases (or

decreases). Thus, figure of 17 of the procuctivity index shows fairly good permeability of the

fractures. This value was that obtained from the fractures developed between 915m and 930m in
depth. Besides them, GTE-8 encountered with another fractures with emission of geothermal fluid
at deeper than 500m as shown in the following table: '

~Depth Amount of discharge of geoth_ermai fluid
707m _ 68t/h
907m S8t/h.
(915m-930m) @st/n)

Because all geothermal fluid emitted from the fractures are assumed ‘to~be undel the same
pressure condition as that of 915m to 930m in depths, productivity mdexes of the fractures at
707m and 907m may take almost the same vatues as that of 915m to 930m in depths. This means
that many fractures are developed not only at . deeper than 500m, but those have good
permeability. From the drilling of GTE-8 which is located near the center of the geothermal

reservoir detected by fault tracing survey and underground temperature survey, it was found that”

~ the reservmr is composed of rocks rich in fracture with hlgh permeablhty
-As conclusion; the- geothermaI reservmr in the San Kampaeng area is evaluated to have
favourable hydrolog:c structure, '
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2. Possibility of Geothermal Development

{H Evaluation of fluid temperature..

Among geochemical thermometers usmg chemmal components as indicators, silica geo-
thermometer is widely used for detecting fluid temperature in depths,

Silica contents of thermal water collected from the geothermal manifestation area in San
Kmnpaeng were analyzed by the Thai Team before commencement of this project, indicating
temperature of 160°C as that of geothermal fluid in depths.

In this time, silica contents of hot water emiited from GTE-8, GTE-2 and EGAT-1 wells were
collected and analyzed by the JICA Study Team, indicating temperature of 152-161°C, The values
. coincide with that obtained by the T hai Team.

However, the actual maximum temperature mcasured in GTE-§ was 125°C at 900m level in
depth. So, it is expected that higher fluid temperature will be obtainable if decp drilling will be
' undertaken in future:

Cons:delmg geothermai power genmatlon from standpomt of fluid temperatune 1t must be
said that geotherma_l fluid in the San Kampaeng area is essentially not available for power
generation using geothermal Stea'm Hoi#over recently, binary—t:jrcie system power generation has
- been developed for practical use. This is a system that secondary fluid characterized by low boiling -
temperature lS used as medium which plays a role as heat exchanger, In this system, flvid
temperature ranging from 180°C to 80°C can be used for power generation. So, it can be said that
geothefn'ial fluid produced from geothermal reservoir in the San Kampaeng area has sufficient
temperature necessary for binary-cycle system power gsneralxon Fig.1 shows output of electricity
obtained from 1t/h of fluid with temperature ranging from 160°C to 80°C. From Fig.1, it is
pointed out that about 4kW of output will be- obtained from {t/h of geothermal fluid with
temperature of 125°C in the San Kampaeng area. This means that about 180kW power generation
will be expected by usmg 45t/ h of geothermal fluid which is emtttmg from GTE-8 at present.

However, in casc of commerc1al power genelatzon a large scale of output will be required.
Therefore, prlor to pldnnmg to construct a commermal power plant in the San Kampaeng area, it
18 necessaly to examme the following probicm how much output can be expecied, that is, how
much geothermal fluid can be produced from the geothermal rescrvoir in the San Kampaeng area,

These are the problelﬁ' closely connected with estimation of capacity of fluid supply from the
geot_hérmal 'reservoir,'namely evaluation of geothermal reservoir.

(2) Capdclty of ﬂmd supply

‘When geothermal fluid ‘is produced frorﬂ geothermal reservoir, there occur changes of
temperature and pressure accordmg to amount of fluid supply from the surrounding area.

As the vatucs of transamsmbli ty, initial temperatute and pressure were obtained from the
prOdllCthﬂ loggmg carried out in GTE-8, changes of temperature and pressure with ume
accordding to amount of producution was predicted by method of computor simulation.

The result of simulation was- described in the preceeding ohdpter 'alrezidy Then, here, some
supplementdry explanatlon ahout the values used for calculation is added briefly.

) Permeab;lny
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Permeability of the production zone (Layer 2, i=2, j= 2) was set up as 15 m darcy. This is due

to the following reason:

The valuc of transnissibility (Kh) calculated from data of GTE-8 was 9 daxcy m, name]y 9x

10 ”m’. As the thickness of the production layer (Layer 2) is regarded as 1 SOOm, K takes the
following value:

—_3
K :W: 6 x 107"m’ =6 m darcy

However, GTE-8 encountered with several {ractures durmg dnlhng, 80, permeablhty of Layer 2
was regaided as 15 m darcy which is as much as 2.5 times of 6 m darcy,

-Compared to the production zone, permeabilities at the surrounding areas take smaller values

This i is due to the reason that those areas are considered to be scarce in the fractures

2) Pressure

As mentiones already, pressure of Layer | was set up as 27kg/ cm’ at 250m in depth and that

of Layer 2 as IZOkg/cm at 1,250m. This is due to the following reason:

Accordmg to measurement oi static pressure in GTE~8 it was recorded that ‘pressure at 250m
in depth which is intermediate point of Layer 1 shows 27kg[em and at 1,000m, 96kg/ cm’. The
pressure increases linearly along the line connectmg 27kg/ cm’ and 96kg/ em’ showmg 120kg/cm’
at 1,250m in depth which is intermediate point of Layer 2 (Fig. 2). This is the reason why
pressures of Layer | and 2 were set up as 27kg/em’ and 120kg/cm’ respecuvely

As described already, reservoir performance with time according to amount of productron of
geothrmal fluid was shown by changes of temperature and- -pressure drop after 10 years, Among
examples, in case of productlon of fluid of 75t/h lkg/em’ pressure drop was shown whrle almost
no temperature change. On the other hand, in case of productron of I,5Mi/h, 26kg/ cm pressure
drop was shown while about 3°C temperature drop.

As mentioned above, relatrveiy a large scale of pressuré drop was shOWn in this srmulatron
This is due to the reason that, although geothermal fluid is supplied from the. surroundrng aréas 10
production zone horizontally, permeabilities of the surrounding arcas was set up on a small scale

However, the actual reservoir structure in the San Kampaeng area- is con51dered to be

'charactenzed by vertical fractures, along which geothermal fluid is supplied from depths in form of

up-flow. Accordingly, although there is structual difference between reservoir model used for

simulation and actual reservoir structure, the same scale of pressure drop as in the reservorr model
will be shown in the actual geothermal reservoir because lateral flow in case of reservoir model is-
regarded as vetical up-flow along fractures in the actual reservoir, Therefore, so far as pressure

drop is concerned, it may be eonsidered that the result of simulation can be applied for the
geothermal reservoir in the San Kampaeng area. ' :
On the contrary, since fluid supply is characterized by up—ﬂow in the San Kampaeng area its

expected that fluid temperatuse will be kept constant or be mcreased even 1f a. large amount of -

fluid is produced.

GTE-8 is charactenzed by hrgh weil—head pressure showrng about 4kg/cm as shut-in pressure

Then, it is possibie to use 75t/h of geothermal ﬂurd for 300kW power generation without installing
down-hole pump. However, because of pressure drop with increase of amount of produeuon it is
necessary to instail down-hole pump in order to keep the flow rate of production constant. Itis
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said that, in general, down-hole pump is installed at depths of 300m to 500m. If it is installed at
depth of 300m, the pressure at depth of 300m is regarded as 32kg/ cm®. Accordingly, it is estimated
that pressurc drop by production must be kept within about 25kg/cm’. Considering amount of
production from standpoint of pressure drop, maximum production rate is regarded as 1,500t/h
which results in pressurc drop of 26kg/cm’.

~Of course, it is possible to produce geothermal fluid more if down-hole pump is installed
deeper than 300m. However, since an excess of water lift by pumping brings pressure drop which
gaes on increasing, | 000t/ of production is regarded as reasonable figure, which corresponds to
4,000kW of output. This is the result of estimation of limit of production, namely capacity of fluid
supply to keep the flow rate or output stable.

As higher fluid temperature than 125°C is expected to be obtainable by deep drilling, it can be
said that 5,000kW binary-cycle systern power generation is obtainable in the San Kampaeng arca
by using 1,000t/ of geothermal fluid. ' :

- From the results mentioned above, 1t is concluded that 5,000kW power generat:on can be
obtained by utilizing the geothermal fluid fr(_)m the geothermal reservoir in the San Kampaeng
area. However, the problém is whether such deveiopment is economically viable or not.

In the case of generation by the b'in.ary-cycle system, design of equipment, including the heat
exchanger, becomes cdmplicéted'since secondary fluid is used as the medium. Also, auxiliary
pbwer consumption is greater than in the case of staem generation. Consequently, facility cost
including turbine, generator and subsequent power cost at the transmission terminus is relatively
hlgher for the bmary—cycle system than for steam power generation. Furthermore, as in the case
where the geothermal reservoir is to be developed as a power source in an area such as San
Kampaeng requiring well dnllmg to preduce geothermal fluid, the cost for drilling and instailation
“of down-hole pump(s) must also be considered. This requirement additionally increases overall
construction cost and auxiliary power consumption, further raising power cost at generation.

On the basis of the points presented above, there are a number of constraints {0 the economic
atilization of geothermal fluid in the San Kampaeng area for commercial power generation.

~ However, if this geothermal resource can be utilized in a multipurpose manner, i.e., using
discharged hot water from a binary power plant for crop drying, tourism, irrigation etc., it’s socio-
economic advantages will certainly off set the economic constraints, if any, of commercial power
gencration only. '
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