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Introduction

In FY 1984, as the third stage exploration of Geothermal Development
Project 1n the San Kampacng area of Northern Thailand, aw exploration well,
which was planned to have 1,500m in depth, was drilled by the JICA Study
Team,  Drilling work was smoothly carried on up to depth of 700m, however,
because of a decrease of drilling speed, which was caused by hérd rocks
existed at deeper than 700m, drilling work was stopped at 1,22?.3m in depth
at the end of February, 1985,

From the wvesults of geophysical logging which was carried out after
drilling, it became clear that, compared with vertical distribution of
resistivity obtained from MT metheod, higher resistivity was recorded,
there were no permeable formations and that, coutrary to expectation, low

down hole temperature was measured.

Since such unexpected results of the drilled GIE-7, analysis of
gcophyéical logging was revlewed and 1t was declded that fracture detection
by geochemical survey called Fingerprint method would be carvied out in
and arvound geothermal manifestation area as the supplementary survey of the
third stage exploration, in parallel with underground temperature survey

at the depth of 100m conducted by the cooperation of EGAT.

Thus, this report ls composed of two parts; the first paragraph descyibes
analytical results of geophysical logging of GTE-7, aid the second paragraph
explains the results of fracture detection by geochemical survey and under-
ground temperature survey, veferring to the evaluation of geothermal reseryoir
in the San Kampaeng area and recommendation of drilling site of GTE+8 which
will be drilled by EGAT in the near future,



I. Analytical results of logging in GTE-T .



I, Analytical results of logging in GTE-7
1. Core survey
1-1 Geolopical structure revised by core survey

Fig, 1 and ¥ig, 2 show the geological map and geological section aloug
[-N direetion through GTE-2, respectively, which were compiled by geological
survey in FY 1982,

The previous survey suggésted that there might be an anticlinal axils of
H-8 direction running through near GTE-2. However, from the result of core
survey of GTE-7, it was confirmed that this area is not characterized by

anticlinal, but by wonoclinal structure inclining to east side.

The revised geological map aud geologleal sectlon along E-W dircction
through GTE-7 are shown In Fig. 3 and Fig. 4, respectively. Moreover, one
fault trending from NE to SW and rumning between GTE-2 and ¢TE-~7 has been
.estimated. This is due to the reason that there may be a boundary which
separates high temperature area from low temperature because down hole
temperature of GTE-Y is too low te conslder that of high temperature area,
To conflrm this matter, it is necessary to detect existence of the fault by

other specific method such as geochemlcal survey.

2., Resistivity logging
21, Resistivity distribution in GTii-7

Distributlon of vesistivity and SP in GTH-7, which was cased upto 1,001m
deep, is shown in Fig. 5. 1In I'lg. 5, bigh vesistivity 1s vecorded at depth
of 540 - 570m, 700 - 770m, 805 — 830m, 865 - 890m and 910 - 950m In both long
and shert normals, while 6thers are lowex than 100R-m, At the deeper portion
than 3,00lm, high resistivity 1s seen at depth of 1,010 - 1,030m, 1,175 -
1,215m and 1,220 ~ 1,227m at bottom of hole,

Resistivity distribution in GTE-7 is characterized by alternation of
high and low resistilvity zones. Among them, there are some high resistivity
zones wheve long normal shows higher than 5008-m, especially at depth of
about 1,200m, 1t shows higher than 2,500Q-m,

Judging from high resistivity distribution and decrease of drilling



speed, it can be understood that the Palacozoic formatfons in this area are

conposed of extremely hard rocks.
2-2 Correlacion of MY survey with resistivity legging in GPE-7.

By the single shot survey to measuve theé azumith and inclination of
GTE-7 conducted upon completion of drilling, the'trajeetory of the well is
estimated to have deviation of 160m - 173m at the bottom of hole.

The result of correlation of trajectory of the well with vertical
profile of resistivity obtained from MT survey revealed that GTE-7 did not
pass through a low resistivity zone of 3Q-m indicated by MT survey and
that the bottom of hole is in a zone having low resistivity level of
26 - 360-m,

Left side of Fig, 6 shows correlation of trajectory of the well with

MI survey result,

On the other hand, right side of Fig. 6 illustrates the correlation of
resistivity leogging with MT survey. Analytical vesults obtained from the

correlation ave summerized as follows:

(1) Result of logging shows wide dispersion of resistivity ranging
from several ohm-m up to several thousands ohm-m. Judging from
the resistivity distribution obtained from MI survey, it is under-
stood that only low resistivity portion which is included in the
alternation composced of low and high resistivity layers is reflec-

~ted. In general, MT survey has such tendency that in the area
conslsting of high and low resistivity layers, vesull of measure-
ment is not Indicated by the mean value, but by relatively low

resistivity values,

(2) Comparing resistivity distribution obtained from vesistivity log-
ging with that from MI' survey, Lt secems that rough correspondence
1s observed, although the former has higher values than Cthe

. latter.



(3) The effect of rock alteration distributed around the geothermal
manifestation area is considered as another reason that NI survey

shows welatively low resistlvity valuos,

3, Temperature logging
3-1. lole temperature in the exploration wells drilled by EGAT and GUH-7.

Hole temperature of each exploration well 1s shown in ¥ig. 7 and that
of GTE~7 is shown in Fig.8, Characteristics of cach hole temperature are

as follows:

GEE-1 ~—e- Conductive type, temperature gradient at deeper than
470m ¢ 10°C/1000 {1°C/10m) .

GIE~2 - Convective type, Lhermal water of 18/win is discharging,

maximum temperature is 107°C av 300m deep.

GTE-§ ~cornenes Conductive type, temperature gradient at shallower than
280m : 8°C/100m (1°C/12.5m), at decper than 280m :
18°C/100m (1°C/5.5m). 7That difference may be due to

conductivity of wocks.

GTH~5 e Conductive type, temperature gradient i
12°¢/100m (1°C/8.3m),

GIE~6 —wnee Convective type, steam and hot water are flowing out,
well-head temperature ¢ 103°C, bottom hele temperature:
118°C at 490m,

GLE~7 ~---- Linear distribution of hole temperature, temperature
gradient : 4°C/100m (1°C/25m), lost circulation occurs
at 1,005m deep, temperature anomaly is due to recharge of
thermal water contained in Alluvial deposits near the

surface.

3-2. Mnalysis of temperature logging in GIk~7
(1) Recharge and discharge arcas {n geothermal system

In the arca wherc geothermal system 1s formed, there exists dis-

charge arca with high heat flow and rvecharge area with low heat flow.



(2)

3-3 Calcu

wateyr

In the former, underground temperature is high because of effeoct
of ascending hot water, but temperature gradicat Ls low in the
portion where convection is formed, while in the latter, under-
ground tempervaturve Is low because of descending cold waler and

also temperature. gradient 1s low,

Concepiual hydrothermal system in the San Kampaeng arca

Geothermal system in the San Kampaeung system is included in the
area located between Huai Pong Fault trending from NRW to SSE and

Huai Kho Ha Fauvlt with the same divection as Huai Pong Fault. .

The avea with active geothermal manifestations is vegarded as the

discharge arvea of ascending hot water as shown in 1lg. 9,

Judging from the conceptual geothermal system in the San Kampaeng
arca and characteristic down-lhole-temperature curve in GTE--7, it
may bhe considered that GTE-7 drilled the recharge avea of thermal

water located axound geothermal manifestation area,

lation of formatlion temperature affected by descending theirmal

When water percolates to some depth from the ground surface through a

pipe (fissu

calculated

re) with small diameter, a bottom hole temperature of the pipe is

by the following formula:

o
o=t n . — e—— - -
Ob 80 + b 7 [1 - exp (~yD))

Gb ¢ water temperature at the bottom of plpe
60" : dnitial temperature of percolating watew
o ! temperature gradient

D : depth

. _2mwyoh"
Y = ape

a ¢ amount of percolating water

p,c ¢ specific welght and heat of water

Yy ¢ radius of pipe (figsure)

h" ¢ coollng cocffieclent

o



In the rechavge avea, 1t fs conslderved that oviginal heat flow of rocks
and gGOIOgic formations gets decreased because of percolating of cold water,
Based on the idea that hole temperature of GTE-7 presents that of geologle
formations cooled by percolaling water, some kind of matching has been tried.
That ié, under what kind of condition does the pércolatiug water bemperature

show the actual recorded temperature of GTE-7.
Each value used for matching is as follows:

o 1 1°C/9m (same as that of GIE-5)

small pipe with radius of 2 cm {fissure)

g
(=]

Bp" : 60°C (underground temperature of GTE-7 at 150m deep,

regardad as temperature of percelating thermal waterj
a t 20 £/min (awount of lost circulation at 1,005m deep)
p,c : 1 glem®, 1 calfem® s °C

h'" ¢ 0,25 % 1077 calfem?' sec.°C
The result of calculation is shown in Fig. 10,

TFrom the vesult of calculatdion, distribution of temperature by matching
is similar to that of hole temperature of GIE-7. As a conclusion, it can
be sald that temperature distribution of GIE-7 presents that of the recharge

area where thermal water with 60°C 1s percolating.

4.  Conceptual model of geothermal system modified by the result of drilled
GTE-7

Before drilling of GIE-7, it had been considered that GTE-7 would be
drilled in the discharge area of hol water,which was indicated by the low
resistivity zone less than 50-m{¥ig. 11). However, in accovdance with the
result of drilling of GIPE-7, the characteristic down hole temperature curve

indicates that the drilling site is 1n the vecharge area of thermal watet,

Consequently, the model of geothermal system had to be changed as followsy
the discharge area, that ls, the extent of the geotheraal regervolr with hot
water {8 limited to the southern area of the estimated fault trending From NH
to SW.



The coneceptual model of geothermal system modificd by the result of

drilling of GTE-7 1s shown in Fig, 12,

5. Summary and future work f)]an

By the geological survey conducted in ¥Y 1982, it was considered that there
1s an anticlinal axis anear GTE-2 tvending from noréh te south, However, the '
result of core survey conducted in 1985 suggested that geological structure
in the avea with dvdlling site of GTE-7 is not anticlinal, but monoclinal,
inclining to east side. Also, becausce of the reason that the area with dril-
ling site of GYE-7 is regarded as the recharge arvea characterized by low down-
hole~temperature and low temperature gradient, it was cstimated that there
may be a fault with north-cast direction between GTE-7 and geothermal mani-—

fastations area.

Based on the result of resistivity logging in the GIE-7 hole,.thc
correlation of resistivity distributlon in the G¥E-~7 with that obtained Lrom
two-dimentional analysis of M1 method was undertaken. As the result of
correlation, it was known that alternation of high and low vesistivity zones
is correlated Lo low resistivity zone of MT method. f%his is due to the reason
that, in the case of MY mcthod, the effect of low resistivity zone in
alternaiion consisting of high and low vesistivity zones is strongly
reflected, then ML method can not detect high resistiviily zone Lf there exists

high resistivity zone in alternation,

As knowm from the correlation of resistivity logging with two-~dimentional
aalysis of MT method, the bottom hole of GTE-7 Is considered to be situated
outside of low vesistdvity zone estimated by ML method because of a small

inclination of drilled hole.

Coittrary to expectation, 1t was found that the down-hole-temperature was
only 100°C at the bottom hole of 1,227m, altbough the drilling site of GLE-7

is located near geothermal manifestation area,

From the analysis of chavacteristic temperature curve in the drilled
hole showing that the down-hole-temperature at the bottom is only 100°C, while
nearusurfaée»temperature at depth of 150m is 60°C,that 1s, showing remarkable
low teﬁperature gradient, 1t was coucluded that the area with drilling site
of GIE~7 18 regarded as the roccharge arca of thermal water with water
temperature of 60°C which comes from the geothermal manifestation area.

Y



Although extent of the rechavge arca 1s not clear, it is estimated that
a fault located belween drilling site and geothermal manifestations with notrth-
east direction may play a vole as the boundary between recharge and discharge

areas.

As a conclusion, Lt can be sald that useful data to evaluate geothermal
reservelr could not be obtained from drilling of GTR-7, althdugh the con-
ceptual model of geothermal system in this avea was constructed. Therefore,
in order to understand geothermal reservoir, it is ilecessary to do supplementary
survey in FY 1985,

For this purpose, it is recommended that fracture detection and under-
ground temperature survey at depth of 100m are carried out In and around the
discharge avea, that is, in the manifestation arca as fubture work plan, If
EGAT 1s intended ¢o do drilling of GTE-8 cxploratlon well in this area in
future, a recommendation of drilling site of GYTE-8 will be made based on

the vesults of the supplementary survey,
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the third stage exploration



I, Results of supplementary survey of the third stage exploration

1.  Objectives of the survey

As the third stage exploration, duilliug of an exploration well, GTE-7,
of 1,227.3m deep was carvied out by JICA in FY 1984,

However, siuce the result of dvillling was not successful to obtain useful
data to evaluate geothermal reservoir in the San Kampaeng area, analysis of

geophysical logging in GTE-7 was undertaken after completion of drilling.

Based on the analytlcal results of logging, it was scheduled that as
supplenentary survey of the third stage exploration, a fault or fracture
detection and an underground temperature survey in the discharge area with

geothermal manifestatlons would be carried out in ¥Y 1985,

Objectives of the survey are to confirm the extent of the geothermal
reservolr in the San Kampaeng area, to examine if another exploration well
which is plamned to be drilled by EGAT in the near future is worth drilling
and to locate GTE-8 for NGAT if good results would be obtained.

The fault or fracture detection was carrvied out by JICA study tcam by

uéing geochenmical survey called Fingerprint method,

in paralell with the fault or fracture detection, the underground

temperature survey at depth of 100m was undertaken by the cooperation of

BGAT,

For this purpose EGAT drilled 10 heat holes and measured down-hole-

tempetrature to make dso-thermal contour line map at depth of 100m,

25



2, Fault or fracture detection by Fingerprint geochemistry

“

2-1. Introduction

Application of gas geochemdstyry to faullt and fracture detection is based
on the principles that fault and fracture can be an open path for gases cmanal-
ing from deep underground. Detection of such secpage is the objective of gas
geochemistry method, Gases such as C€O,, Hg, lle, Rn are analyzed as indicator

gases In conventional geochemical method.

The practical application of gas geochemistry is complicated by a number
of problems; Meteorologieal factors influence gas emlssion rates. Seasonal
and dally variations of gas emmision rate at a single location can be as lawvge
as a factor of 50. Surface condition of ground also influences pas emission.
Further theve is no single gas component cffective for detection of fault and

fracture In any cases,

The geochemical technique chosen for this study is the fingerprint tech-
nique developed at the Colorado School of Mines which can compensate nost of
the disadvantages of the conventional method. ‘FPhe technique is an Integrative
soll-gas technique utllizing pyrolysls-nass spectrémetry {(Py-MS) with multi-’
varlate statistles., Tts main features can be summarized in the following Lwo

points,

(1) Integrative gas colleciion by activated charcoal to avoild temporal

variation of gas emission.

(2) Interpretatfon of gas pattern by multivariate statistics rather

than concentration of single gas component.

It 1s consideved that this new method can provide valuable information

regarding fault and fracture 1n the survey area,
22, Method of study

2-2-1, Fileld sampling

Gas collector used for sampling consists of a small ferromagnetic wire
with activated carbon affixed to the end contained in a glass culturve tube
scaled by a teflon lined cap. Activated carbon serves as a collector and

integrator for soll gas, Pigure 13 shows gas collector used in the survey,
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Gas collectors are tramsported to the field in scaled condition and a

hole approximately 30cm deep is dug with small hand auger, The cap is removed

from the tube and the tube is placed, open end down, into the hole. Soil is
filled and packed avound the tube and the hole is filled to ground level., The

sawple sites are marked by pushing a small piece of plastic flagging tape into
the £11l soil,

surface
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30~506m -——s activated carbon

i ;r\‘*ferromagnetic wire

soil gas
Fig, 13  Gas collector

Approximately 10 days after emplacement, the collectors are retrieved

in the same order as emplacement to ensure that residence time 1s as undform

as possible, The retvieved collectors are sent to the laboratory for analysis,

2-2-2, Laboratory Aunalysis

Analysls of collected sofl gases on ferromagnetic wire is performed by
computerized pyrolysis ~mass speetrometer for gases of mass range from 29 to 240,

Figure 14 illustrates a schema of the mass spectirometer system,

Fervomagnetic wire is headed by high frequency electromagnetic souree

(Curie point pyrolyzer) to desorb soil gases from activated eavbon, ‘The com-

position of wire controls the tewmperature the heater attains, thus c¢lean re-

producible heating for desorption of the trapped compound 1s performed,
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The desorbed gases from the pyrolyzer ave analyzed by quadrupole mass
spectrometer.  Gas molecule ave lonized by clectron impact and then enter into
the quadrupole mass filter, Depending on.certain parameters, ions of particular
m{z (mass of the fon/charge of the ion (normally unlty)) values undergo stable
oscillatious amnd emerge from the mass filter to be detected by an electyon

aultiplier, HMass scanning up to 240 arc achicved,

The obtained mass spectral data can provide information regavding ab-
solute flux as well as relative abundance of different gases. Exanple of mass
spectrun 1s shown in figure 14, Horizontal axis represents m/z value and
vertical axls shows its relative intensity which is normalized by the strongest
Intensity of the.spcctrum as 100X, Since the mass speclvum 18 a characteristic

signature of the soll gas, it is called "fingerprint',

2-2-3. Data interpretation

(1) Fault/fracture fingerprint
(1) Faull/fracture characteristics

The presence of high molecular weight components 1n a [ingerprint
(gencrally m/zi}ZO) has corrclated to faults aund f{ractures. This
suggests high molecular welght gases which are less movable can
reach the ground surface Lf there is open passage by fault and

fraccure.

Following are typical fingerprints indicating the presence of
favlt and fracture (¥ig., 15),

Some fingerprints are identified as fault and fracture indication
even witnout the presence of high molecular weight pases. Fig, 16
1s example of such fingerpring, Heavy component shows
stronger peak Intensity than lighter one whereas the background
fingerprints exhibit opposite tendency. In this case, comparison

with background fingerprint is important,

Fault and fracture trend can be mapped on the basis of these fault

and fracture fingerprint distribution,
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(1) Wigh molecular weight gas ratlo

In addition to qualitative inspection of mass spectrum by eyes,
quantitative comparison of high molecular weight gas vatio is
effoctive interpretive tool to locate fault and fracture. Here

high molecular weight gas ratio 1s defined as follows,

. PP B AT DA . % ton Intensity of mfz > 120
118 LECUL FIGE w0 DRI o Y M TLe s ey
HIGH MOLECULAR WEIGHT GAS RATIO Total rodifiod Tomn enm X 100
Comparison of the ratio can provide subjective support to Lhe
visual identification of fault and fracture fingerprint as well

as to thelr relation on plane surface,
(2} CGas flux analysis

The don intensity appeared on mass spectrum is propertional te the
numbey of molecules collected by the sawmpler, thus comparison of gas flux rate

1s achieved by compaving {on intensity.

For this purpose, TMIC (Total Modified Ton Count) is calculated by
substracting the influence of atmospheric noise from total ion intensity of
the mass spectyum. fn othey word, IMIC wepresents gas flux rate fyrom unders

ground at the polnt.

It 15 supposed that gas flux rate {ncreases 1f underground gases ave

emanating through fault and fracture.

(3) Similarity analysis by multivariate statistics

Another method of data interpretation is pattern classification of
fingerprint by computer aided multivariate statistics. This method is based
on the hypothesis that gas composition would not be affected considerably by
factors such as vock type, soll, vegetation and other surface coundition since
none of these factors appears to have a preferential effect on certaln com-
ponent, whereas absolute gas flux vate would be affected by them. If ddfferent
gas source (1.e. petvoleum or geothermal) were preseunt inunderground, the
surface gas composition (= pattern of filngerprint) related to them can he
readily discriminated. 9hus pattern classification by fingerprint similarity
would be able to locate geathermal reservoir, and fault/fracture which has

close relation to geothermal reservolr,
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I'or carrylug out multivariate statistical analysis, mass spectbrum
data of cach sawple are trvaunsformed to data vector Iin multidimensional space

as follows,

Xi ﬂ(xil’ Xlz, L R N L I I Y Xi“)

here Xil 1s the ion intensity of the i--th sample at the first m/z value and

Xi? 1s the ion dntensity at the second mf/z value and so on.

Then Euclidean distance between each data vector would be calculated as

follows,
h 172
oo 5, - X%, )7
1j kel ik Jk

The distance is a measurc of dissimilarity between samples. TFor
example, four samples In three components system can be analyzed as follows.,
The calculated distances between samples and three dimensional plots of data

vectors ave shown In figure 17.

Component A B c

Sample Ho.1 30.0 60,0 10,0
No.2 29.0 61.0 10.0

No.3 14.0 50.0 36.0

No. 4 70,0 20.0 10.0

Obviously sample No.l and No.2 are very similar among four samples and

calculated distance clearly indicates this relation.

In practical application, simlilarity or distance from the wmodel samples,
which are thought to represent characteristle fingerprint of the target, is
calculated and compared. If good wodel samples are nol available, background

samples will be used as anti-model to find area of abunormal fingerprint,

' Component 8
_.._é...;?]. B = (]
ar Dsa 4 32,0
s AR
1 5;/ hY Di.v = 56,5
Al SRR, SN S
[ ?~‘h.h\.}7 D oo 636
. ,{ #

--------- s> OOmpORCRLE A

Camponent ¢

Fig. 17 Distance of four samples in three dimentional space,
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2-3. Results

2-3-1, Field procedune

Sampling sites were determined prior to the cmplacement of the gas
collectors by survey using compass. ‘Total number of sampling sites are 359,
Sampling sites ave arranged as combination of lines (20m spacing) and grids

(100m spacing).

The gas collectors were emplaced at all 359 points. 24 cellectors
were elther lest or damaged, thus numbev of recovered gas collectors for

analysis remained 335,

Fig. 18 shows the sampling points,

2-3-2, Data dntorpretation
(1) Fault/fracture fingerprint
(1) Location of faull/fracture fingerprint

Mass spectrum of all samples wvere ihspected for fault and fracture
characteristics as mentioned at data interpretation. As a result,

following 41 samples were identificd as fault/fracture fingerprint,

No. 4, 8, 1}, 13, 28, 36, 56, 59, 68, 93, 96,
103, 125, 129, 134, 140, 166, 186, 190, 211, 221, 228,
229, 245, 248, 251, 254, 257, 263, 269, 302, 304, 306,
307, 322, 324, 335, 347, 351, 354, 258

Several typical fingerprints of above mentioned samples are shown

In comparison with their background fingerprint. (Fig. 19).

Distribution of above mentioned 41 samples are shown in Iig. 20,
Considering continuity and lincarity of the distribution and
their relation to topography, following arrangemenls were assumed

to be probable fault and fracture.

NW--SE system
166 - 245 - 257 ~ 306,307 - 335
134 .. 228 - 248 - 269 - 351
56 - 125 - 190

13 ~ 96 - 221 - 263
-]
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NE-GH systom
4 ~ 28 - 59
4 - 36 ~ 68 - 140
11 - 103 - 125 - 134

N~8 systicm
93 - 125 - 186 ~ 228
190 ~ 229 - 248

(4) High wmolecular weight gas rvatio

Contour map of high molecular weight gas vatio is shown in Flp. 21,

Fig. 21 also includes location of fault and fracture flngerprind.

Nligh molecular welght gas ratio vanges from 0% to 44%Z, llowever,
nearly half of the samples shows ratio of 0% and thus average of
the ratio remains 2.3%, Area of the ratio higher than 2,5% is

shown as anomaly in ¥ig., 21,

Fig.2) indicates two features of the area. Flrst, the wegstern
half of the avea shows lower ratio thau the castern hall.

This 15 probably due to the difference of lithology rather than
fault or fracture discribution. Second, two ancmalous zones run
pavallel to NW-SE trend from the southeastern edge of the auea.
Narrower zone of the above wmentionced anomalous zones at the
southern gide coincides well with the previously assumed NW-SE
arrangement (166 - 245 - 257 - 306,307 - 325), Wider zone at
northern side scems to represent the NW-SE arvangement (134 - 228
~ 248 - 269 - 351) and the N-§ arrangement (92 - 125 - 186 ~ 228
and 190 ~ 229 - 248). Low ratio zone run parallel to the wider
anomalous zone on itg north side, It is Jinteresting to note

that Boundary of the high and the low vatio zone colncides with
the assumed NW-5I arrangement (13 - 96 - 221 - 263). There is no
NE-SW trend observed in Filg, 21.

(2) Arca of high total gas flux

The lowest gas flux at the area is 4,656 (don count) and the highest
is 1,083,756 (don count). The average gas flux fs 81,259 (don count).

Contour map of total gas flux is shown in Flg, 22, Arvea of flux higher thau
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100,000 ifon count is shown as high total gas flux zone.

Fig. 22 suggests following, Similar to the distribution of high
molecular welght gas ratlo, the western half of the arca shows relatively_

low gas flux, This may be explained by difference of lithology.

High flux zone of NW-SE trend elongates from the southeastern edge of
the area. 'This zone coincldes very well with the high meolecular weight gas
anomalous zone and Includes the NW-SE arvangement and the N-S assumed arrange-
ment., Accordingly, this zone may reflect presence of fractured zone. There
are several scattered high flux arcas at the northern side of this zone.

They seem not to have any obvious trend. At the southern side of this zone,
there Is another high flux zone of NW-SE trend. this zone deviated to sou;h

from the NW-SE assumed arrangement (166 - 245 - 257 - 306,307 - 335).

High flux zone presents also at the northwestern side of the area.
This area locates at the intersection of the NW-SE assumed arrangement (166 -
245 ~ 257 - 306,307 ~ 335} and the NE-SW assumed arraﬁgement {4 - 36 ~ 68 -~ 140),
In addition, there is high flux zone showing NE-SW trend at the western edge.
These high flux zones suggests presence of an NE--SW fault at the northwestern

side of the area,
(3) Similartty analysis by multivariate statistics

tlodel samples were chosen from the surface manifestation area wvhere
temperature at 20m depth 1s above 70°C, Originally the model samples
were supposed to represent characteristic gas pattern related to geothermal of
the area. Tllowever, as a result of computation, it was found that the model
sanples dld not possess common unique fingerprint among them but scattered
-abnormal fingerprints each other., Therefore they were not sultable for

further consideration for similarity analysis,

Then samples representing background fingerprint were chosen as anti-
model in order to locate area of abnormal gas emanation related to geothermal
activity. Fig, 23 shows distance (= dissimilarity) contour map by the
computatioﬁ bagsed on anti-model, Larger distance indlcates more abnormal gas
pattern, The sanples showing fault and fracture Fingerprint possess extremcly
large distance value, If they were included in contouring process, general
trend of the area would be iguorédlby thefr local high anomalous zones. There-

fore they were eliminated from ¢ontourlng process to get general lLrend of the
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area. - Avca of distance larger than 5 ave shown as anowaly ia ¥ilg., 23,

The largest anomaly in ¥lg. 23 includes the surface manifestation area
at the north of GTE-2, and ecxtends Lo the southeast side of Lhe area. This
indicates that the source of abnormal gas pattern may be in the southeast of

the surface manifestation arca.

It is noted that the anomalous zone at the surface manifestation arvea
éecms to be restricted its extension by the previously assumed NW-S8E arrange-
ment (166-245-257--396,307-325) and NE-SW arrangements (4-36-68-140 and 11-103-
125-134). 1This suggests that these assumed arvangements arve faults which

limit spread of geothermal fluid.

The southeast extenslon of the anomaly sccms to be along with the N-§
arrangement (93-125-186-228) and the NW-SE arrangement (134--228-248-269-351),
This suggests that these assumed arrangements are faults which act as path

of geothermal fluid.

2-4, Discussion
2-6~1, Geologlcal structure of the avea

This area is underlain malnly Permian Lover Kiu Lom Formaktion, which
consist of alternating layers of sandstone, shale, chert, limestone and basaltic
tuff, The formation is lithologically divided into sandstone bed, alternating
bed of limestone and shale, sandstone bed, ghale predominant bed, sandstone
predominant bed, alternating bed of sandstone and shale, shale predominant
bed and basaltic tuffl bed in ascending order, Relationships between ecach beds

are inferred to be conformity (Fig.24),

Since these beds trend north-northwest and steeply (uoie than 50°) dip
to east, moneclindle structure eastward has been assumed as a whole, Houever,
short pliched antilclines and syncilines having north-south axis are recognized

in this formation.

The lowest sandstone bed and alternation bed of limestone and shale are
recognized only in deeper part (depth more than 200m) of GTE-2 and GTE-~7
drilling holes. ‘therefore, the existence of major antleline is expected at

the western margin in this area.
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Though no faults arc'recognizable at the surface in this arca due to
the bad exposure, faults of NW-SE system and of NE-SW system are assumable
by the distribution of formations and other geological factors. As For the
NW-SE system, fault passing from thé novthern central part to the southeastern
part through between GTI-5 and GTE-6, and fault running from the northwestern
part to the south eentral part through westside of GTE-2 have been assumed.
As for NE-SW system, fault rumning from the central west nargine to the

cenkral north margine through between GIE-7 and GTE-2 has been presumed.

2-4-2, Geologlcal conslderation of the result

The geclogical survey and drillings suggest cxistence of the monoeclinic
structure and faults of NE-SW system and NW-SE system, Geological interpreta-

tion on the results of this supplementary survey is summarized as follows.
(1} Location of fault/fracture fingevrprint

Sixteen out of fourty-oune location of fanlt/fracture fingerpriat
lie on the geologically assumed fault, This supports the presence
of three faults, These faults are considered as comparatively
large fault, Seventeen of the remains of fault/fracture finger-
print lie in the area surrounded by these faults. Inside this
arca, there are NW--SE, Ni-SW, N-S tendency of distribution of

fault/fracture fiagerprint indicating small faults or fractures,.
(2) Total gas flux

Distribution of high flux zone suggests presence of Fault and
fractured zone. Especlally high flux zone In the area surrounded
by the three major faults implies close relation of Ffault system

and ascent of geothermal fluid,
(3) Similarity analysis

Scattered abnormal gas pattern are detected in the area surrounded
by the three major faults including the surface manifestation
arca. This suggests geothermal source presents at the southeast
of the avea and geothermal fluid ascends through fractured zone

in the area,
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2-5. Summary

Geochemical survey by fingevprint techuique was conducted to locate fault
and fracture in the area. Three hundreds and [Lfty-nine gas collectors were

emplaced and 335 of them wore recovered for analysls.
Data interpretation of the survey suggests following,

(1) Fourty-one out of 335 samples shows fingerprint characteristics of
fault and fracture. Considering the distribution of 41 samples,

following fault and fracture are assumed,

NW-SE system 1 166 -~ 245 ~ 257 - 306,307 - 335
134 ~ 228 - 248 - 269 -~ 351
56 - 125 - 190
13 - 96 - 221 - 263
NE-SW system : 3 -~ 28 - 59
4 - 36 - 68 - 140
11 - 103 - 125 - 134
N-8 system ¢ 93 - 125 ~ 186 ~ 228
190 - 229 - 248

Especially two NW-SE arrangements (166 - 245 - 257 - 306,307 - 335
and 134 - 228 - 248 ~ 269 - 351) and NE-SW ariangement (4 - 36 -

68 - 140) are comsidered Lo be comparatively large faults,

(2) Anomalous zone of the coutour map of high molecular weight gas ratio

supporl the prescnce of the above mentioned NW-SE faults,

(3) The contour map of total gas flux shows high flux zoue lies in the
area between the above mentioned NW-SE arrangements and the NE-SW
arrangement. Thils suggests presence of the above mentioned NW-SE

faults and the NE-SW fault.

(4) Zone of abnormal gas pattern detected at the surface manifestation
arca clongates to southeast suggesting ascent of geothermal fFluld

from the southeast of the manifestation area.

Locations of faults assumed by the geochemical survey agree well with that
of the geologically agswned faults, ‘The survey results sugpesl ascent of
geothermal fluld through fracturcd zone at the southeast of the manlfestatlon
area,
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3..  Underground temperature survey
3-1. Drilling of heat holes

The survey was carvied oul by cooperation of EGAT.

In paralell with fault or fracturc detection by Fingerprint method, for
the purpose of underground temperature survey at depth 100m, drilling of

heat holes was commenced froim July, 1985,

The purpose of underground temperature survey 1s to make iso-thermal
contour line map and Lo know the relation between fault or fracture distribution
and undergrowmnd temperature distributdon. For this purpose, drilling of heat
holes were arranged to be distributed in the survey area of fault or
fracture detectlon. Locality map of heat holes 1s shown in Fig. 25, Among
10 heat holes, one is located 850m south of the survey area, therefore that

hole is not included in Fig., 25.

Due to the reason that if hot or thermal water is discharged from the
hole, down hole temperature does not Indicate formation temperature, but that
of discharged fluld, fractures with lost circulation were filled by cement,
and moreover, iron casing pipe was inserted to bottom of hole so that
temperature disturbance does not occur in the hole. Two examples of com-

pletion of drilled holes are shown in Fig, 26,

3-2, Measurement of dowm hole temperature

After drilling of cach heat hole was finished, down hole temperature was
measured In several times. Flg. 27 shows vertical temperature distribution in
cach hole which was made by using data obtained after long standing time more

than one month. Table 1 ghows bottom of hole temperature In each heat hole.

In addition to heat holes, drilled exploration wells GTE-2, -5, -6 and
=7 arc 1dcated in and around the survey area. Among them, GIE-2 and -6 have
discharge of het water, then, not showing formation tcmpefature because of
dynamlc state. On the other hand, others are under static state with long
standing time. Thén, data on down hole temperature of these exploration wells
are regarded as formation temperature at depth of 100m. The data also shown

in Table I were used to make isothermal contour ilinc map.
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3~3, Relation between underground temperature distribution and fault or

fracture distribution

"~ Based on the data presented in Table } s 1so-thermal contour line map

tiigher than 60°C was drawn as shown 1in ¥ig., 28, ¥Fig. 29 shows a map putting

fault or fractuve distribution over underground temperature distvibution.

The facts known from the distrihution map shown in ¥ig., 29 are as follows,

(1)

{2)

(3

The high temperature zone with above 60°C is nearly coinsides with
the area occupiled by two faults with NW-SE dirvection and direction

of the high temperature zone is comformable with that of the faults.

Bxtentlon of the high temperature zone to north side is cut off by
a fault with divection of NE-SW which means that the fault plays a
role as boundary between high and lov temperature zones. From

the result of drilling of GIK-7, it was estimated that a fault
might be existed between GTE-7 and geothermal manifestation area
which separates high temperature zone (discharge area) frow low
temperature area (recharge arca). From the result of the survey
carrled out in FY 1985, it can be said that the Ldea has been

supported by the result of the survey,

High anomalous arecas in the temperature distribution map arg
found in two portions: one in the geothermal manifestation area
and another at south of the manifestation arca, This fact
coinstides with the result of analysis of Fingerprint method.

In particular, from the fact that No.9 heat hole shows high
temperature of 112°C, it is possible to say thét hot geothermal
fluid may be reserved in the arca with extent of wider than 500m
and longer than 1,000m which lies between two faults with NW-SE
divection,

As couclusion, it is summerized that occurrence of the geothermal
reservolr in the San Kampaeng area has become clear by the resalis
of fault or fracture detection and underground temperature

survey, ) .
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4,  Conceptual model of the geothermal reservoir obtained from the results
of the surveys

In the geothermal areca such as San Kanpaeng composed of hard rocks,
geothermal fluid in the underground moves through crack along faults or
fractures, So, the target arca of geothermal development is limlted to the

area with dominant fractures,

Geochemical survey such as Flugerprint method is that to detect the
existence of faulls or fractures not always related Lo underground temperature,
In the geothermal area, since geothermal fluid is veserved In faults and
fractures in the underground, high temperature zohe must be the area where

geothermal fluid Is reserved in faults and fractures.

From the vesults of fault or fracture detection and underground tempera-
ture survey at depth of 100m, it has become clear that high temperature zone
with above 60°C coinsides with the area occupied by two faults with NW--SE
divection, which means that geothermal fluid is reserved in the Ffaults and

fractures with the same divection.

Thus, 1t can be sald that geometry of the geothermal reservoir with
wider than 500m and longer than 1,000m has been deteccted by the supplementary
survey carried out in Y 1985. As to the problem whether geothermal develop-
ment in the San Kampaeng avea is feasible or wot, fluidal temperature in
reservelr has an important vole. If geothermal fluid has temperature higher
than 180°C, 1t is possible to construct power plant using geothermal steam,
but Lf the temperaturc is lower than 180°C, for example, 160 - 180°C, another

power generation such as Binary cycle System must be considered.

Consequently, whether geothermal development in the San Kawmpaeng is

{ennible or not 1s due to the fluidal temperature in the reservoir.

Judging from the facts that geochemical therwometer indicated [luidal
temperature of 160 -~ 200°C, and that high temperature was recorded in geo-
thermal manifestation area and in the southern portion of the manifestation
arca. As conclusion, 1t can be sald that 1t is worth drilling another ex-
ploration well to get the data on fluidal temperature and permeability of

the rocks.



5.  Selection of drilling site of GIE-8

From the results of the survey carried out in FY 1985, it was concluded

that 1t is necessary to drill another exploration well, GIE-8.

Ef EGAT will drill GTE-8 in accordance with proposal of the JICA Study

Tean, drilling site of GTE-8 will be recommended as follows:

There are two sclected points as drilling site of GIE--8, one is In and

avound the geothermal manifestation arca, another 1s in the area including

No.9 heat hole. Accordlng to the result of Fingerprint method, it scems

that predominant fracture system ks developed around No. ¢ heat hole.

Judging from the topographycal condition, 1t is recommended that

remain of stone pit near No,9 heat hole will be suitable for drilling site,

6.,  Summary

(1)

(2)

(3)

(4)

From the analytical results of logging data, it was deduced that
drilling site of GIE-7 is located at recharge area of thermal

water.

Also 1i was deduced that there must be a fault trending from NI to
SW between GTH~7 and geothermal manifestation area, separating

discharge arca from recharge area.

Since usefnl data to evaluabe geothermal reservoir in the San
Kampaeng was not obtained from the result of drilling of GIE-7,
1t was decided that fault or fracture detection and underground
temperature survey are carvied out in and avound geothermal
manifestation area to know occurrence of geothermal vescrvolr
in FY 1985,

Fault or fracture detection was carried out by geochemical survey
called Fingerprint method. ¥rom the result of survey, it was
detected that there arve two main faults trending from NW to SE
located at NE and SE sides of geothermal manifestation arca, and
another faults trending from N to SW located north of manifestation

area.,

Aw



(5) Based on the data obtained from drilling of 10 heat holes of 100m
deep and measurcment of down hole tempervature which were carvied
out by cooperation of HGAYT, lso-theornal contour line map at depth

of 100m deep was made.

(6) Distribution map of underground temperature is comformable with
that of fault or fracture, and it has become clear that high
temperature zone with above 70°C occupies the area surrounded by
above mentioned two faults with divectlon of MW - Sk, and that
geothermal veservolr detected by fault and underground surveys has

geometry with wider than 500m and longer than 1,000m.

(7) Whether power generation by using pgeothermal stnam.or by Binary
Cycle System 1s feasible or not 1s due to fluldal tewperature in
the reservolir. It is considered Lhat, in order to know which 1s
feasible, there Is none other useful way than drilling of an

exploration well in the survey area,

(8) Judging from estimation of fluldal tempervature by chewlcal thermo-
meter which suggests ranges from 160 to 200°C and rvecords of high
underground temperature near surface at geothermal manifestation
arvea and at No.,9 leat hole, it concluded that it 1is worth drilling

an exploration well to survey reservolr characteristics,

(9) As drilling site of GIH-8 which is planned to be drilled by HGAT
in the near future, 1t is recommended that remain of stonc pit
near No. 9 heat heole will bhe suitable for drilling site of an

explovation well.
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Table 1 Data on boitom of hole temperature in heat holes.
[ iole vo. | Tewerature at bottom of hole
{depth)
A Coue Goow)
6 98,2°C (100m}
7 79.6°C (102n)
8 43,6°C ( 92m)
a9 112.3%C (99.5m)
10 62.2°C (1020}
11 78.0°C ( 92m)
12 40.7°C {100m)
13 37.0°C (100m)
14 48.1°C (94.5m)
Woll No. Down hole tczgc;gé:'re at depth
GTi-2 -~
CrE-5 44.2°C
GLE-6 -
GTE~7 60.0°C
5]
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