lls2-2 | 'Seismic_ Survey

1. Introductlon : : , BT

The seismic’ survey was camed out for the purpose to estlmate unclelground structures
"eontrolmg existence of geothermal fluids, replesented by: alte]atlon zones and fracture zones,
through the comprehenszon of geologlcal structurcs whlch are (hsp]ayed as beddmg planes, faults
and 1ntrus1ve bodies, by the execusu)u of seismic reflection method

" The seismic survey is a method of explorahon to estimate unde1ground structures by means
of elastic waves which are genemted from the. hypocenter of artificial earthquake in a shallow
subsurface The reflection method employs such waves fts to Ieﬂect on the boundaly surfaces of _
geoloclcai beddmgs whose elastlc ch'n acters (reﬂectlon coefﬁc:ent) are differ ent one anothel in.
the underground _ _ '

Generally, in the area. where geologlcal stmctmcs axe falrly compiex as 1s secn m geothermdl' :
area, it is expected that' the- 1eﬂect10n wwcs are very dehcate For th1s pmblem common
. reflection point :and six fold stackmg method were applied in the plesent survey

Number of -the survey lines is 5 (A, B, C, D aud E Ime), total length of wh1ch is 14, 225
meters and nuiber of the shot holes is 31 5 in this survey. - ‘
' Process of the present seismic survey, from the field works to the comp:latlon of the report
is shown in the following flow chart. '
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Fig. 11.2.2-1 Flow chart of Soi_smib survey

2. Field woi‘k'_

2 1 Establlshment of the selsrmc survey lines
- Five suwey lmes of A, B, C, D and E were estabhshed for thls seismic survey by reﬂcctlon
method (PL 112, 2-1).: ‘These survey lines were located m the favorable area for the geothelmal
deveiopment which is the area along the I{ual Pong fault Detaﬂs of the survey hnes are shown in
_ Table 11.2.2-1. ' '

As the ducts (hume concrete plpes) were laid close one anothex between the shot points of SP'
No. 65 and SP No. 70 along the survey line A, distribution of. the spread was changed in that
part, but the revised settmg was done so that the proglammed IeCOI ds could be obtained in full'
scale. .. S DL . : . .

The survey line A-is a line of approximatelength of 5.5 km, ninning from the 'hilly land in
the northwestern part of the surveyed area to Ban M'n vﬂlage in the southwestern part, across the
several estunated faults.
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Table 11.2.2-1 Survey lines

' R “| ~Survey point . - Shot point ,
Line Length Number : : i - o Remarks
- (m} of spread | Number | Iferval Number | [terval Z
_ : m) | )
A 5,475 ¢ 997 - 2200 | - 25 | 105} 50 . | NWdirection
B 2,025 | 30 . 8 | 25| 36 50 | NEdirection
C 2,025 | 30 82 25 36 'S0 | NEdirection .
D 2,025 30 | 82 |. 25 36 50.. | NEdirection
E 2,675 | . 43 1 108 | 25 49 50 NE direction
Total 14,225 232 574 - | 262 — _ S

The survey lines of B to D are about 2 km in leﬁgth and are established in the direction of
NE- SW almost in right angle to tho survey line A: They are distributed from the foot of the hllly
land in the western part of the surveyed area to the plam in the eastern part.

The survey line E is 2.7 km in length, established in the southemmost part-of the surveyed
area, where low and gentle hllly land 1s developed. '

2-2 Dullmg of shot holcs . _

Drilling of the shot holes were Lompleted by FGAT whose engmeels did whole of the field
supervision and confrol of the. works. By using 6 to 10 tlansporhble rotaly dull ‘machines, every
hole was (lrllled down to the depth of 10 meters, and vinyl chloncle pipes 76 om in dxameter
were inserted in each of the shot holes to keep the wall of the holes out of collapse.

(‘eologlcaliy, it was turned out by the Ioggmg of the drnl holes that chert and andesﬁe are
_ distributed along the A ling, that chert, sandstone shale, limestone and sand ~ peblles are found
along the survey lines of B to D, and that andesite 1s_d1stmbuted along the survey line E. -

2-3 Blasting and observation _ -

~ Blasting was carried out b'y"ﬁllin.g the shot holes with water, affer the holes were charged with
exp]osives of the 'weight. of 10.0 ~ 12.5 kg at the bottom: At the time when the actuél blastings
were done, watchmen were distributed at every points which were tllought to be dangelous spot
such as roads and prwate houses in order to prevent possible accidents. Transceivers were utilized
effcctwely to have the communication as mtlmately as possible between observation crews and
wiring crews, which brought high efficiency of- the field works. o
) To obtain ihe data for the calculation of weathering layer correction, total 53 times of smaIl
blastmg were carried out at cvery several spreads
. The small blastmg was cartied. out by the explosives of the average weight of 500 g fllled in
the-small holes, which had been dlgged at the programmed sites with iron bars of the dlameter of
40 mzlllmeters and of the length of 1. 5 meters. : . _ o . _

The observatlon was completed by moasulmg seismic waves wnth the appar'itus -of the 24

components ‘seisiic recordmg system of- magnctlc recordmg type made by S. I.E. in U.S.A.
(PTIOO + MR2O + R- 6B) “and. 36- gIoups of the geophones mdde by E.T.L. in U.S.A. (EV-15
- type, proper frequem,y 20 €ps) The geophonc distribution is gxoup—settmg of 6 geophones
(spacing 2 meters, linear distribution in the_same direction as that of the survey line).
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: For the improvement of the S-N ratio (signal to noise ratio) of the reflection’waves and for

the increase of the structure zesolvmg power, the 6 folds stack method was employed with the
way of the terminal blasting. '

“Base line Baise line o B'lselme o Buc line .
~ 1 ~ s . .
illlll!llltlilllllllIIHEIII.:IIIIHI'T!_ITI_!—I_!Tﬁ Receiving point
°.o.° o Q o o 30_00008000008 S_hotpqint -
W, oW o Wy Wy W, Surface shot point

Spread

P
<
b
]

Points of reflection ™

| Area of non Area of 6 folds -
6 folds area i

Fig. 11,2.2-2 Process of measurcmcﬁt; by common reflection point
" horizontal stack method (6 folds) :

The process of measmement is as follows ;
(]) To sct base lines No. 1 to No. 3.and geophone No. 1 to No 36. :
(2) To connect base line cables (12 components and 3 cables each) with sw1tchmg dev1ce
(3) To connect the input termjnals of No. I to No. .24 of the seismic recording system with the
output termmals of No. 1 to No. 24, through the swilching device, of the geophone. .
(4) To blast at the shot point SP 1 (SP = sh_ot point) and to record on the. magnetic recording
tape, _ _ - | _
{5) From the shot points of SP 1 to SP 7, to blast in the spread (1) and to Iecord it.
(6) To connect the input terminals of No. 1.to No. 24 6f the seismic recording system With_ the
“output terminals of No. 4 to No. 27, through the switchihg device, of the'geop'hone.
(7N To blast at the shot point SP 8 and to record on the magnctic 1ecmdmg tape
(8) To repeat the same operation as above . _
Before the blasting and the observation, temperatureq of every shot hole were measuled at

the bottom. The results of this temperature measurement were summarized in the Temperature
distribution at the bottom of the shot holes (PL. 11.2.2-15).
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3. Method of analysis
3-1 Analysis of S_hﬁlloW structure by vefrection method

3 i-1 C alculatlon for static correction .

The calculation: for static correction is thuned for the prepamtton of the stacking records by
" the refr action method, It is composed of the surface (weathenng layer) correction and the d':tum
correction to the datum elevatton for the analysis (established at 300 meters above sea level in
this survey). The amount of correction C is obtained as two-hycrcd structure tentatwely by the
following formula.

=— —_ ' §8€C —_——
2 | vd

Here C sum of surface correction time. (first term of the rlght Slde) and datuin correction
‘time (second. term of the right su;ie) _ _ .
(T+U)+(T"+U”) : sum of the uphole time of the expiosion and the initial motion

travel time fi: om two con esponding shot points

- E ¢ finishing time of the initial motion travel time .
i . critical angle of seismic wave reflection between the surface layer and the first
' layer below the surface _ .
H : elevation of the receiving 'point, above sea level (m)
hw :  thickness of the surface layer .
Hd : elevation of the ddtum surface (DL = Datum me) above sea level (300 m above

sea level in this survey _
Vd : velocity in the first layer below surface (velocity of the second layer)

3-1-2 Depth calculatlon

In order to comprehend the dlstnbutlon of shallow velocity layers in the surveyed area and to
make use of it for th_e consideration of deep structure, calculation of the three—layered structure
was executed employing initial motion travel fime curves. . _

This calculation was bésed on the “Method of Selection of the Refractive Initial Motion
Travel Time Curve and Analysis Method of the Refractive Motion Travel Time Curve by Zero
Travel Time” (Shlgetoshl KURIHARA) ) :

The calculation for the analys:s was done with the électronic computer of UNIVAC-1110 and
the figuration was with the computer of CALCOMB 360.

 The general calculation formula by this method are given below in case of No. n laver of
velocily layel

= Z(gin~! —& _gipn 121
th 5 {sin v, S s )
| : Vv,
=—(sin™! — .+sin”!— )
b 2 (. 27 7\]2*
VZ ";'Vl — 11 )
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Here symbo]s stand for ~

UI(IT), w(") ;- critical angle of the wave procecdlng upward after 1efx action on the Sllrf"lCC of

No. n layeér -
gnfl = Wh1 :in;l )
m =2 3,4, ... n
'Itn'go ~: zero travel time of No. n layer at the point G
' tngo =t —t,- i, ' _
Z O angle 'o_f inclination of the boundary surface of velc_icity layers
r(n—1)} : depth of No. (n—1) velocity laycr
in=1) - : critical zmgle of refraction wave on the boundary surface between No n) I'lyer

and No. (n—1) layer

The underground str ucture is obtained as an envelope of the circles with the radii of normal
depth as calculated in the abovementioned way.

In’ order to express the results on the illustrated analysis map and to give some addltlonal
consideration on the velocity dmsmn the Refraction method ameSJS map (PL. II 2.2-2) was
drawn on the assumptlon that their variation i in the velocity layers agalmt the depth 1s linear,

Alithough - this analysis map could have been prepared by the two- laycned structure profiles
depending upon the resulfs of caicuhhon of the surface correction afore-mentioned, the results
of the three-layered structure analysis by the refraction metnod wete synthesized on this map in
the present survey, ut;hzmg the information of the first layel and the second layer of the travel
time curves, In addition to the velocity dlstubu‘uon on- this map, the dlStl‘lbllthl] of the third
layer velocity as well as the directions of the estimated faults arc expressed in the Weaihenng
layer velocity distribution map (PL. I1.2.2- -3).
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Fig. 11.2.2-3 Dotted line in anal'ysis.cf refractive method

3-1-3 Analysis of side-reflection wave . _

Generally, structural lines are estimated on the analysis profiles from velocity change of
velocity layers, boundary stepé of the velocity layers in the refraction method or from Condition
of discbntinuity: of reflection phases in thie reflection method. Especiaily, dircctibn and
continuity . of the estimated structure lines along each survey line on the_plahs are judged from
thé distribution and thc conditions on the profiles. Therefore, it is desirable to establish sufficient
number of survey lines in grid pattem, ‘covering whole of the subject area,

Howevel_ in .the present survey, ‘there ‘were 5 lines established; a lme in the direction of
NW-SE _ahd 4 lines in the dircction of NE-SW. It is thought that data woul_d be somewhat short
for the judgement of the continuity and the direction of extension of strucfure lines, if merely
the materials of the refractive analysxs were made use of, Accordmgly, for the compensation of
the above-stated shoitage of data, a method was emplayed, in the following way, to utilize
steeply inclined phases which _welc regarded as side-reflection travel time on the recorded
profiles, as is mentioned in later paragraphs. Although some'prbhlems were thought to be there,
because this method was based on the assumption that the'coritinuétion_ of steep inclination in
the shallow part would represent side reflection on the structure line, the method was employed
through the foilowmg treatment. )

The seismic waves started from the shot point Gi on the survey line are thought to return to
the receiving point (the pomt Gi in this case), after propagated near surface as well as to the

depth and reflected at Ai or Bi (symmetrical point) on the structure line.

\Ai- 1

/ Estimated structure line

Line

~ Fig, 11.2.2-4 Side reflection
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The distance 1i ‘botween the shot point (or receiving point) Gi and the reflected point Ai on
the'stru_cture line is determined by the propagated velocity Vw and the reflected travel time ti,
and is expressed in the following formula.

A
ti = i
2
~Also, the angle 0 between the survey line and the structure line is determined by fhe
following formula, from the difference of the travel times &ti and the distance Axi of the
neighbouring two shot points.

g = sin"l.(—Vi . 2 ti“)
. 2 A xi

As the values are in the range of 0 <sin g 1.0 in this calculation, it is necessary to select the
reflection travel time of steeply inclined phase on the stacking records so that the upper limit
should be- Ati < 2Ax1/Vw Accordingly, the detection was made with two values of the
propagated veloc1ty Vw of 1,500 m/s ~ 2,500 m/s and 3,000 m/s, using the Final stack (time
section, PL. 11.2.2- 16 ~ 20) The results were as shown in the Side reflection analysis map (PL..

11.2.2-4 ~ 8).
3-2 Analysis of deep structure by reflection method

3-2-1 Stack treatment

The honzontal stack treatment is to emphasize the 1eflected waves by stacking them in a
record from several records of different distances of epi-centers at a reflection point, after the
correction-of the difference of reflection travel time caused by the difference of the distance.

' By this tﬁethdd, S-N ratio of the reflected wave. is improved as a result by the decrement of
noises caused with mutual interference on the stacking, because the irrégular noises have {ime lag,
reverse to the signals.

For the preparation of the stacking récord, first thing to do is to input inlo the comp_uier,
with other related data, the:results of A-D conversion of the records which were obtained on the
magnetic récording tapes in the field observation. ‘Then they are synthesized as stacking record by
int'egrati'on of 3_Wiggle and Variable area, after mechanical and electrical . treatment such as
correction, stacking, amplitude adjustment and filtering The stackihg records are those treated
with the datum level of analysis at the elevation of 300 meters above sea level. The following two

figures were made.

(1) Final stack time section (PL. 11:2.2-16 ~20) _

This figure is the hasic profile of final-stack time section, in which the corresponding 6 traces
at every common reflection point in the records of the measurement are stacked (6 folds), In this
figure, most of the informations are contained, though treated electrically and mechanically-in
afore-mentioned ways of amplitude adjustment and filiering etc. Many other indications than
those on the horizontal reflection planes are recognized. They can be important informations for
the-detection of alteration zones and faulf and fracture zones which are thought to be related to
geothermal sources and to passages of peothermal solutions, Therefore, this figure was employed
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for the side-reflection analysis, diffraction sources anatysis and frequency-amplitude distribution

analysis,

(2) TmaI stack (depth seclwn) (PL. 11.2.2- 36 ~ 40)
This is the figure in which vertical records are exhxblled by depth aftel the depth conversmn

of the above-mentioned Final stack (Time selection). 1t was used as the base for the structuie
analysis, _because various 1nformations are contained in this figme in addmon to the horizontal

reﬂectton planes

Survey data

Transcription

_ ) - Velocity analysis
Pre-treatment _ and determination

— - - ‘11 Rough stacking
TVD, TVS, Static correction of datum level, : ‘

gathering of common reflection points Velocity analysis:
and determination

—
After-treatment

NMO. Surplus _ .
static correction ' Paper display

Stacking/TvF/Tv8 . : Film display

Fig. 11.2.2-5 Process of stack treatment

3-2-2 Wave analysis on the stacking records
Of the waves on the stacking records, there are-some waves which are obviously thought to be

reflected from the boundary surfaces of the lay(ns viewing from the continuity of phases, while
the other waves are also recogmzed o ' _ ' '

- There are the ciossing waves by side reflection in the-shallow part, as afore-stated in-the
paragraph 3-1-3, the diffracted waves in p'lrabolold like form from the diffraction sources, and
the anomalous waves whose frequency and 'lmphtude are varied, compared to those in' the
penpheml Zone, _ ' - )

If they are charged with some information from the underground, it is th.ought'that they
would ct)mp'ose a mean for the interpretation’ of the structure in the undezgfound From this
point of v1ew the waves on the stacking records were employed as the data for the elucidation of
geological structure after the followuag treatment was applied. '

(l) Frequency d]Stl‘lbutIOﬂ .
Concemmg the: frequency components expressed on the stacking records waves of 10 60
Hz are emphasized, and most: of the other waves have ‘been ellmmated by filtering. Therefore, the

frequency d1str1but10n was cons1dered by the dmswn as follows,
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Table [1.2,2-2 Division of frequency

Range of frequency B _ ~ Division

under 20Hz _ low frequency domain
over 20 Hz _ high frequency domain

(2) S-N ratio dlstnbutlon _

“The half wave amphtudeg of the Variable area explessed on the stdckmg 1econds (value of
half wave ﬁmphtude is bigger than actual 'unphtude as the base is in some way to () sule) are
classified as follows. '

~ Table I.2.2-3 Division of S-N ratio

Range of half wave frequency ' : Divisio'n_
under 2.0_1_iim ' - low S—N ratio area
over - 2,0 mm _ _ " high S-N ratio area

(3} Distrib"ution of diffraction sources _

The part where faults :and cracks are concentrated in the undergr tmnd is thought to be the
changmg pomt of geolog;cal t;tmctme undulatlon of beddmgs and porosity of the beds,

At the changmg point as t]ns plopeltles of one side are different from those of the other
side, and the diffraction sources accompanying waves along parabola-like line are recognized.

This distribution of diffraction sources is thought to have important informations to detect
fault structures. ' _

- In the present analtysis, near swiface structures- are pursued by side reflection and deep

structures were considered by the distribution of diffraction sources. |

o’ .
K Ka ¥ Ks
' %X_'T;,,‘T/Wﬂmﬂ —""r—,,)_

*Y?WIM%:"F ff
g koL
” > » .
¥ S » K;""" : diffraction source

y')h'h : diffracted waves

"ﬂ"’)éx,” : estimated structure

Fig; H.2.2-6 .Diffraction sources
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3-2-3 Depth section amlysm S
Depth section map was drawn up, by utllumg profﬂes of Final stack (Depth section) and

meil stack time, sectlon, and by giving LO!ISI(ILI‘AUOH to the cont1nu1ty and intensity of thc

reflectcd wave phaqes
On this Lleatment miaking use of the above two profiles for deep tztzucture and shallow

structure analysm horizons of L1 ~ L8 were assumed by wnnectmg such reﬂet,tmg layers as
: 'havmg comparatively remar kabke contmmtion '

. The. fault structures cuttmg these assumed layers were estlmated from the Slde I‘CﬂBCUOH
distribution map exp1e<‘.smg ﬂat faces in the shallow part and flom the D:ffractlon sources

: dlstllbutlon map expressing the distribution along the section in the deep palt As the result

existence of total 11 fault stluctmes mmked by the symbols from (P) to (Z) has been estimated.

3-2-4 Structure dmlysw on plans .
. For the sake of the compxehcnsnou of theé underground structule in the surveyed area as a .

whole trend of the two assumed houzons, of L4 and L& in the Ditfraction sources (hstnbutlon

map are exprcsscd on p]'ms of structure analysis.
On the Structure analysis map (PL. 11.2.244, 45), are descnbed the contour lines of every 500

meters above and below the datum level (DL = 300 meters above sea level) as well as faults,
fractures, anticlines and c;},r'nc:hnes. estimated in each of the above layerﬂ;

Anothel two plans of Decp structure qnalysm map (PL 11.2.2-46, 47) were drawn np, in
which the’ 1ssumed horizons at the levels of — 1000 m and —“200_0 m below the datum level are

expi essed as well as the distribution of structure and the infoimation of waves.

4. Resulfs of the survey

4-1 Shallow structure by refraction ihéthod
Thlee-layercd structure analysis w1th refraction method was executed by the initial motion
travel time on the records of the field measurement. The principal characteristics obtained by the

resuits of this analysis are as follows.

(1) Velocity distribution of every velocity layer along each survey line varies in comparatively

wide range, which is shown in the following table.

“Table H.2.‘2-4 _Veloc_it_y distribution of subsurface velocity layers

Velocity layer ' Velocity (m/fs) : Remarks .
" No.1layer 400 Surfdce soil distributed in this ldyer
. : genela]!y :
2,050 ~ 2,800 Upper weathered z_oné,.distributed in
. _ low velocity area around the crossing
No. 2 layer _ _ o ~ points of Adnd D survey lines
ol 27300 ~ 3,700 Upper weathered zone, distributed in
N Co middle to high velocity area, generally
_ 2,900 ~'4,000. Mainly the basement undemeath the
R _ . low velocity area of No: 2 layer
No. 3 layer _ : R . g
_ _ 4,100 ~ 5,900 .~ Basement underneath the middle to high
" velocity avea of No. 2 layer. -
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{2) The deplessed p‘nt of the equdl velocity dlsmbutlon curves is suggestmg the area of lewer

velocity comp"uecl to the surrounding area, while the swelled part indicates the area of higher
velocity. Especially it is- noted that this area of low- velomty is mtelpleted to correspond to
alteration zone, fracture zone, fissilitic beds or lithological soft g1ound It is not certain to
which of the dboveq it is actually correspondmg

(3) The near boundary between thc low velocity arca and the middle to high velocity area

above- mcnt:oncd 18 compmatlvely well ‘correspondent to parts of the side reflection 'unlysxs
pomts st’zted n 4-2 paragraph,

(4) Subsmface veloc‘,lty dlStl tbution

The subsurface veIocHy distribution was considered using the velomty of the No. 3 laym of :
the refraction amlyms data. The velocities were divided into three groups as shown below_ and
the Weathering hyer velo(:lty distribution map (PL. 11.2,2-3) was drawn acco;dmg to this
division. :

Table 11.2 2 -5 Dmslon of velocity

5\..)

Ve]oc1ty dmsmn (km/s) W : o V_elocity Zone
under 4.0 ' B ' - low velocity zone
4.0~47 ' -middle velocity zone
over 4.7 SRR _ .. high velocity zone

The following items are clarified with the Weathering layer ve!ocity distribution map.

Vel-(jcity zones are distributed in almost north-soUtlfdirection. The eastern part of the
surveyed area is high velocity zone, while the western part is low velocity zone.

The middle velocity zone, which is ‘found in the central part of the surveyed area,
distributed between the hlgh velocity zone in the eastern part and . the low veiomty zone in
the western part. The area of the middle velocity zone nanow<; 1ap1d1y tow1rd the south from
the north. The width of the middle velocity zone is as’ much as | 000 meters around the
crossing point of A and C survey lines. In the high veloc_lty zone in the castern part, a middle
velocity zone of the width of 300 to 400 meters and a low velocity zone as widc as 150 to
200 melers are recognized.

“The dlre(,hon of the boundaries of low m1ddle and high velocity zones- is almost

correspondent to the direction of snde reflection. -

The surféice 'trend of the No.-3.layer; expressed. by contour lines in the Weathering layer
velocity distribution map (PL. 11.2,2-3), 1'e..verals-L'Gpet_ition,_of depression and uplift, It scems

that several inferred faulls, estimated in the Time section map (PL. 11.2.2-31 ~ 35), are

locat(_ad on the steep slope composed of_ such uplift.and depression. ) .
The area where the geothermal indications are distributed in the surveyed arca (the area
surrounded by the survey lines of A, B and C) is also distributed on the steep slope,
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4-2 Direction of shallow structure by 31de reflection S
Assummg that ‘the qtecply inclined continuous phascs on the stackmg record would be side

reflection, the ‘direction was analyqecl The: char acteristics obtained from the results of this

analysis are gwen below. : : o . _

(l) it was 1ecogm?ed that the mcludtd 'mgle 0" bt,tween cach survey line and shallow structure
lines which were estimated to be side reflection var ies as widely as 20°~ 80°,

(2) They are'.sylmnetrichl in both sides of each survey line. Taking-t_he_ohc of the'syminetrid
‘points a reflecting point (real image), the other 'isj:'.e.gardeci to bea vi_fiihal image, bi_lt .whcn the
frequency distribution of the included angle 0° is expressed with the interval of 10°, it is as
shown in the following figure (Fig. 11.2,2-7).

[TXXR ]
pf;’o{o{o} Survey line A. -

N / \ [[TTIT] survey tine B
30 _ - =S surveyline ©
20 //‘@X\ ' _ Survey line D

/ — \ ' [ ] Surveyline E

10 )

Number (n)

0O 10 20 30 40 SO 60 70 80 90

——— Included angle 8 (°)

Fig. I1.2.2-7 Frequency distributio_n of included angle 0

From this Fig. 11.2.2-7, predominant area of distribution of the included angles al'ong each

survey line is shown as follows. -

Survey line A = 20° ~ 50°
Survey line B = 30° ~ 40°
© Survey line C = 207 ~ 40°
Survey line D = 30° ~ 40°

Survey line E = 40° ~ 60°

(3) The angles of the pnnmpal 31de reﬂectlon to the true north are shown in the followmg figure
' (P;g 11:2.2-8). '

By this ﬁgule the nain diféctious of the structure lines represented by the side reflection are
' mostly N-S and NE-SW. It'is thought tlnt the side: reflection wouId be caused either by fault

o ‘structures or by beddmgs v1ewmg from then dlrectlons :

(4) It is thought t]mt the crossmg pomt of a‘survey Ime and the extensmn of a side Ieﬂectlon is
conespondent to the pomt where a structme lirie crosses the survey lme Especnally the point,
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Survey line E

/Survey line B

90°1:

WO i 1210846 2 0 2 468 161214

-——= Number {n)
Fig. 11.2.2-8 Frequency distribution of the dircction of side reflection

around where several side reflections :ar'c entangled, 'h_as high probability to be. Viewing from
the fact that most of the boundary surfaces of low, middle and high velocity zones are _
distributed around the above-stated poiuts, the correlation is thought to be high.

(5) The included angles 9 of the side reflections, t'hough‘it- is variable according to the
.difference of the values of the propagated velocity of reflected waves, are concentrated
mostly in the range of 20° ~ 50°. On the stacking records, the detection of reflected waves
with such included ‘angles as in the ran'ge of 20° ~ 50_° is possibly easier than those out of the
range;-Thérefort_a, it is necessary. for th_(_; interpretation of these matters, to give synthesized
conéidcration by ta.king other dafa and information into account.

The table for the side reflection analysis is given as follows (Table 11.2.2-6).

The velocity of the seismic wave for the a’nal'y'sis is Vw, = 1,500~ 2,500 'm/s and Vw, =
3,000 ms, which were obtained from the analysis results by the refraction method.
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Survey line A

Table 11.2.2-6 Side reflection analysis (1)

B | 1 - Ineluded angle between
Survey | Differenceof {op o0 reflected surface and
Symbol Soint travel time | AX () - survey lme: -
N at (sec) ' Vw, =1,500 Vwy =
o P L ~2,500(m/s) | 3,000(m/s)
ST 18 | 007 95 335 .
B A 2 18 031 '455' 307 | -
1 29 023 295 512 -
B 2 29 0.30 460 - 40.7 78.0
i 1 46 T021 360 357 | 610 |
< 2 46 - 0.34" 420 54.1 -
- 1 S1. 0.27 395 . 43 —
Plg 51 £ 0.33 472 44.4. .
BT 63 0.37 374" 816 -
b 2 63 0.27 345 51.5 -
I 70 045 378 632 N
TR 70 0.33 442 483 .
o 85 0.44 445 479 -
R 85 | 027 410 29.6 81.0
R 106 026 | 420 277 68.2
R 106 0.29 450 28.9 75.2
E 1 s 0.34 [ 364 44.5 P
! 2 115 0.36 474 243 554
B I 125 | 050 | 565 1.6 -
! 2 125 0.20 400 20 | 486
1 142 0.36 70 | 31 | =
F K 2 142, 0.21 420 7 .22_0 48.6 .
1 148 0.36 410 41.2 -
L 2 148 0.21 462 19.9 43.0
N N 162 0.43 560 3.7 — ]
| 2 162 024 488 37.9 47.5
' 1 172 0.33 465 32.2 —
© 2 172 0.24 443 24.0 54.4
T , i 207 033 | 4m 316 -
2 202 0.13 213 272 1 663
o | t | 215 0.40 543 | 335 _
4z 1 '



Sufvey Iin_é B

Table 11.2.2-6 Side reflection analysis (2)

— 1ol -

_ : 1 | Included angle between ]
~ | Difference of L - reflected surface and
Symbol S};g;ﬁy -1 travel time D;ﬁ}':;;: : _SIU'-'"V@Y line - N
. o af (sec) ’ Vw,=1;500 Vw,=
- : . ":‘__2_,500([11/8) 3,000(m/s)
A 2 0 053 | as0 | ss9 -
B i | 1o ©0.09 105 40.0 -
Pl 10 033 550 267 642
B o 23 | 023 330 | 315 -
¢ |2 23 0.24 360 30.0 90.0
| B 30 | 0.32 405 36.3 -
b 2 30 0.33 385 40.0 -
- 1 35 0.34 372 43.3 -
B C2 35 0.32 402 36.7 -
_ ] 39 0.31 325 45.7 -
Pl ] 3 026 343 346 -
B 1) 48 041 496 38.3 -
B - 2 43 - 030 355 393 -
I 61 T0.43 530 375 -
o 2 6l 026 318 37.8 -
B 7 035 470 340 -
: 2 77 | om4 63 28.4 722
3 L] so 0.44 382 59.8 —-
K 1 82 0.66 378 - -
_ - Survey line c ‘ N
- h o Inchided 'angle'b_etwé;i
- Survey | Differnceof | puoce reflected surface and
Symbol point travel tiime AX (m) j _survey line -
- at (sec) PoVw=1,500 | Vw,=
~2,500(m/s)| 3,000(m/s)|. -
1 9 011 132 387 _
A 2 9 0.33 444 339 -
] S 20 021 314 420 -
i b 2 20 0.30 386 510 -
1 26 | 030 520 352 | 59.9
© 2 _ 26 L 0,23 362 39.4 724
R 37 0.27 350 . 35.4 -
o |
L 2 37 0.19 | 320 26.4 63.0 |



Tabie'll.2.2-6 Side reflcction analysis (3)

I 42 030 378 365 -
b 2 42 017 | 336 223 | 494 |
i} B 49 0.18 - 290 27.7 68.6
B 2 49 0.30 488 2.5 672
1 53 | 0723 353 293 77.%
© 2 53 020 378 23.4 525
o 59 020 384 23.0 S1d4
i 2 59 | 02 245 216 47.3
1| 6 0.23 S os00 | 202 43.6
1 2 65 0.17 . 285 26.6 635
- o e 037 |  s30 316 _
4 2 74 0.05 80 28.0 696 |
Survey line D.
o o N o Included ang_ler béth?
Survey Differ@ng:e of Dista;lzce r(_aﬂected surijace and
Symbol point travel time AX () survey line -
st (see) _ Vw,=1,500 Vw,=
‘ - N - ~2,5000m/s)]  3,000(m/s)
A 2 1| 038 | 430 | 415 e
| 1 ¥ 0.15 175 40.0 _
B 2 1 0.36 472 39.8 ~ !
0t 20 025 | 33 | 339 _
¢ 2 | 20 | 0.34 410 385 -]
, i 25 021 | . 286 334 _
L,\.{vaw, _315_”* 0.»32 453 32.0 B -
] 1 32 0.27 408 298 | 831
b 2 32 0.24 510 20.7 44.9
[ 40 0.29 425 585 |
F 2 40 0.26 372 60.9 -
. 1t 46 0.30 316 717 ~
- 2 46 | 019 | 300 523 718
- 1 56 0.23 B 375 37.8 66.9 .
LE¥J _____ | s6 | 017 | 283 | 369 643 |
_' i 65 0.38 423 | 630 -
: 2 65 0.11 190 354 60.3
1 76 | 035 | 345 - -
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Survey line B

Fig. 11.2.2~6 Side reflection analysis (4)

. Survey Differénfj‘e of | Distance 1‘el]ectefl sul‘i"ﬂ_C‘(f and
Symbol ooint travel time ax (m). __,.S“Wfi_y,..!_"_“‘“ :
at (sec) _ Vw,=1,500. | Vw,=
o . o ~2.5000(m/s) 37.000(111/3)
A 2 N 0.36 400 | 473 -
- o ¢ | o008 | o 615 -
B 2 6 0.34 468 46.6 -
u 1 T Y 270 62.7 I
¢ 2 18 0.28 460 37.5 65.9
o 31 0.26 324 370 -
b 2 31 | 026 418 27.8 63.9 |
_ 1 43 0.26 303 59.1 ~
B 2 43 0.29 447 41.0 793
. 56 0.36 415 40.6 =
Pol2 | se | oas 412 27.1 65.5
. 1 64 0.32 340 70.3 -
%G 2 64 0.21 335 388 70.1
I 75 . 0.33 424 S ~
H 2 75 0.24 410 35.8 61.4
) ! 90 0.25 294 '58.3 _
I 2 90 - 0.17 228 482 -
' ] 9 | 024 308 35.8 ~
| K 1 108 | . 029 350 384 -
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4-3 Distrlbutlon of dlffraetlon sources on the fuml stfuck (Time sechon)

Several d1fﬁacted waves are recogmzed in the final staek (Tlme section). Some’ of thcm are
scattered very megulally, while othe're"éue dlstnbuted in eomparahvely continuous fmms in the
perpendmulat direciioin. The diffracted waves whose contmmtlon ‘s especially . xemarkable are
“estimated to- represent pl'mes of comparfitwely probable dlscontnuuty, tlmt is, fau]t ‘:tluctureq
_The Deak of their frequency dlstubutlon in the. pelpendlcular dlrectlon is at abou’f 0.7~ 1.1
second (-1, 500 ~ ~2 500 melers below the datum Tevel) and the frequency decreases gradmi}y
m ‘the portion deeper than the peak. In this decre‘ismg zone, the second and the third peaks are at'
1.5 ~ 2.0 sec'{—3,600 ~ -5,200 meters below the datum level) and at around 2.5 sec( -7,000
.meters below the ddtum Ievel) :

The peaks as shown below arc reeogmzed dlong the Ieepectwe survey lines.

Aline RP, 13,.20, 39, 58; 93, 133, 187, 206,
‘Bline RP, 10, 19, 23, 40, 75, '
Cline RP,” 7, 21, 40, 61, 75,

D lineRP, 9, 40, 50, 72,

Efine RP, 10, 47, 73, 95, S
| ) ' RP: receiving point

There.are_ several continuo*us disfiibtifions of the diffracted éource_s at around these peaks,
some of wliich ‘were marked by the symbols from (P) to (Z) and used for the deep. stiucture
analysis. Dlstnbutlon of the low flequeney clomams (undex 20 Hz) was also expressed in tlns
_ ﬁgure ' ' '

of the faults of (P) to (Z), those wlnch were eqtlmated by the seismic survey were 4 faults of
(P), (R), (V) and (Y). Other faults were corresponding to the faults confirmed by thie geological
survey, in the points of their locations aned directions, : :

Of the faulis of (P) to (Z), those around which low fre'quency domains were recognjzed are as -’

follows.

Aline 8, U, V, X,
Bline 8, T, U, V,
Cline §, T, U, V,
‘Dline Q, :

E line —

4-4 Temperature dnstrlbutmn at the bottom of the holes

Temperatme was medsuled at the -bottom of the shot holes dulled in thl’i survey. The
measured tempelature was geueraliy 18° o~ 33°C. Using the result of this temp_eratuxe
' measmement, the T _empel_*atum distnbutmn map at the depth of 10 m (PL. 11.2.2-1 5) was _made,
referring to the te.iﬁp'er'a'tiile distribution map in and around the area where the geothermal
indications are dlstnbuted prepdred by the Thailand side. The followmgs are thought to be
mterpreted from this map.’

' '(1) The values of the temperature were divided mto followmg three groups, for consideration.

= 1) under 20 c
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2) 20° ~30°C

3) 0ve1 30 C

- (2) The hrgh temperature values were found only between C;P'.ZB and SP28 of ’(he survey hne B
“and between SP1and SPS of the survey line Ti. : '

{3) Aronnd the center of the -high tempenture zone, lomted near GTE-2 in the northwestem
part of the suweved area, concentric temperatme structure is found where the furthe: the
are‘a is from the center the lowe1 the temperature goes ‘down. o : '

(4) The low tempelature zone is found ‘surrounding the above-shted high tempemture zone
from the northeast to the southwesl In this low. temperature zone, such areas of lugh and
medmm temperatme arg iound dlstnbuted lepeatedly it short range along the survey line A,
whose trend of distribution is in N-S direction or in NW-SE direction, Then drrectlons are

similar to the dlI‘BCthH Of tllC main structure lllleS

4-5 Wave rmalyms on the stackmg records :

It is an important mean for- the comprehension of the geologrcal stmcture such as
_stlatrglaphy and fdults to détect commurty and phase varlahon of reﬂected waves from the
'reflectron selsmogram L o ' .

Meanwhﬂe it 1s etfectwe for the estimation of geothelmal mdrcatlons or propeltles of
geologlcal ]ayels to consrder over frequency, amplitude and their variation of reflected wavcs .

The content and method of the present wave analysis using the stackmg records are g,wen in

" the followmg table (Table 11.2.2- 7)

Table 11 2 27 Outlme of wave: analy51s

Type of analysis Result S App_}ica'tion ' _Methgd
' Frequency-Time curve | : - ' T
Amplitude-Time curve _
Frequenc —Fouuer _ L : IR
. y comprehension of wave Digital analysis

L chrve : § . by electronic
Wavye analysis . [ Amphtude-Frequency properties - cc};mputer
trace type curve.

(LHgroup) - | Amplitude-Fourier
: ' .| curve
Fourier analy51s or as above o _ Digital a.naiy’sis
" Power analysis R : ' -by electronic
T - o , o T e -computer .
Wave analysis | Frequency distiibution /| judgemerit of geothermal | “Digital analysis
profile type - | SN ratio distribution source and ditemtron by electronic
(each survey S _ o Zone : oo computer
line) _ ) _ ' ' '
Side reflection |- Side reflection analysis | judgeme_n—t of boundaries Reading with eyes
analysis - map ‘of layers and formations
(each survey Side reflection distti- and judgement of
line} - -1 bution map ' -structure lines
Diffraction - Diffraction source as above as above
source'analysis | distribution map
_profile type Diffraction compila-
(each survey tion map
ling)
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4-5-1 -Wave analysis. on the stackmg recor ds

-Of the . }'requency dnstrlbunon map’ (Fug il 2 2-14,15}) by the stacking records of Table
11.2.2-7, several traces of every low-high frequency domain (L ~ H) were seleeted and. wave
) analyms on the traces was execute(! In- this amlyms p1 operlies of the waves were considered at
every 0.1 sec:in the tlme domain between 0.0 and 3.0 sec and the wave power spectmm analysis
“was carriedoutin T = 0.0~ 3.0 on the trace, '

e Vau’ttlon of flequeney and dmphtude o : ,
The hequency, amplitude—time curves of the waves are given-as follows (Flg II 2. ’? 12 13)

Frequency (Hz) s B ' 'Ampliti!de (A)
100 : e e e T

49V

\ /\Y@/&/\Qeﬁ\f\ /\/\ \7(

0.]i;llI'llllil,.illllI!.I'IIIIIIIIJ 0 L R L IR L R B0 LA S B L e
0 LEEERRT 2 3 0 b 2 ' -3

Time (se0) - | * Time (sec)

Fig. 11.2.2-12 Frequency — Time curve Fig. 11.2.2-13 Amplitude — Time curve-

In the Flg 11.2.2-11, the frequency decreases gradually or becmnes flat with the passage of
time, genelaliy But’ thele are several varying points recognized in the trend of dlstubutmn Low
frequéncy waves -are predominant in 0.4 ~ 0.6 se¢ and in 1.5 ~ [.8 sec, while high frequency
waves' aré in 2.'2_ ~ 2.4 sec. It is thought that the former low frequency domain is composed
mbstly of signal a'nd its concerns while the latter is composed of noises rather than mgnﬁlé '

Amphtude on the contrary, increases gradually or reveals almost flat distribution. However,
as a who!e,.there is a tendency that low frequency domain is correlated to high amplitude
domain. It is expected that rematkable layer of 1efl_e_cted waves exists around the above low
frequency domains. '

Generally, 1eﬂectmg suriace Is a boundary plane where sonic nnpe(lance P varies, and .
reflection coefﬁcent Ki is given by the followmg formula '

B -szz-f val
P2 VY, “Pl_vx

Here  py, 0, densﬁy of rock in both sides of the boundary
Vi, V2 5 velocity of elastic wave (P wave) in both sides of the bdundary

Intensity of reflecting energy and 1'eIati611 between reflected wave and incident wave are
determined by the above reflection coefficient K, and reflection phenomena appears remarkably
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in such area as thf‘ vanatlon of pV valucs is great. It is' expected genelally that the boundaties of
reservoir, cap rock, basement etc. havc wide variation of pV valucs in geothermal area.

(2) Summing up the appearance frequency- of frequency-in each class of every 2 Hz, the
histograim-is gwen in the following flequency fourier distribution (Fig. 11.2:2-14,15)."

According to the h1sto¢'ram there are three or four peaks of frequency Iepresented by P ( 1 8
~ 23 Hz), P, (35 ~ 39 Hz), P; (~ 49 Hz}) and P, (59 ~ 61 Hz) in the fourier distribution of
frequency in both of the low and high frequency domains. In the low fiequency domain, the
peak of Pyis the most distinguished, which is followed by the peaksof P, and P, The frequency
of the peak of Py is fairly less than that of the above three p'caks ‘It is notable that almost same
number of the frequericy is recognized with the peaks in the high frequency domaii, generally

The ‘main 11equency domain of the reflected waves is thought to be about 10 ~ 50 Haz,
according to the tendency shown in this hlstogram Taking the peflks of Py ~ P, as szgnals S)
and the peak of P, as noises (N), the S-N ratio of both of high and low frequency domain is
estimated to be about 3.8 ~ 6.5, on the assilmptic_)n that the S-N ratio of the reflected waves is
correspondent to the formula of (NP, + NP, + NP,/NP,,. which is calculated by the number of
péaks' NPi (Table 11.2.2-8). Frequency of 50% FS0 of the frequency accumulation curve and
increasing rate AF = (F60 - F10)/50 of frequency of the signals are also shown in the Table
i1.2.2-8.

Table 11.2.2-8 S-N ratio in low and high frequency domains

e - : N
S 1o be under 50 Hz, N to be-over 50 Hz
. i L Increasing
. Frequency . .
IF y -
Frequency :‘:;(};:;(CY S-N ratio-estimated " F50 of fre- rit :n(;f iff_
domain (NP, + NP, quUENcy cont- quency ac
: (Hz) y cumulation
+ NPy )}/NP, mulative 10 ~ 60%
_ curve (Hz) AF
High . P, =23 (23 +28 +29)20
[frequency P, =35 =3.85 _ 37.3 0.52
domain - Py, =49 _ _ . ]
Low ' Py =19 (31 +24 +23)/12
frequency P, =39 =6.50 _ 327 ‘ 0.50
domam Py =49 :

(note) AT = (F60 — F10)/50 (I[z/%)

By the table 11.2.2- 8, the average frequency F50 is about 33 ~ 37 Hz and as shown by the
" increasing rate of frequency A F the fr equency distributions of both of low dnd high frequency
domains have similar p‘lttelll w1th fair amount of scattering.
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Number (N) Accamulation (%)

{0~1.0s)
20 : 0o
101 3.0 FSU-:37.2 . 50
0 : . 0
50 60
{1.0~2.05)
20 100
10— —50
0- 0
0
(2.0~3.0s)
20 100
10 [F50=3721_ 1 oo
A /] )
O |" T - T T I T 0

o 10 20 30 40 50 60

{Total 0~3.0s)

o
<
i
]
&

aoé ]—\F: _ |
10 / i
g - . . S & 0

o 10 20 30 40 50 60
Frequency (Hz)

Fig. 11.2.2-14 Histogram of frequency (high frequency doma’in)

— 71 -



Number _(N)
- (0~1.05)
20

- Accumulation (%)

100

ol (5 CIR _£50-364

50

=

"0 10 20 30 40 50 ¢ 60

20 (1.0~2.05}

10+

.C_ —r T
o 10  20.
" (2.0~3.05)

20

F50=305

o 10 20

{Total 0~3.0s)
40 :

H

301

- 20] ULJLT_J

T

%090 40 90 40 50 60
B . Frequency (Hzy -

Dﬂ £50=327 |.4

50

Fig. 11.2.2-15 His_tog_fax’n Of_'frequency (low frequency domain)

L



(3) Rcl'inon bctween am plltude and frequency S

The tollowmg flglue was 1)10})‘110(1 for the relation between amphtnde and flequency {Fig.
11.2.2- 16) Bv this flgme it is recogm?ed that dmplltudc A decreases almost in the form of
hyperbo!a with the i lncre'ise of frcquency

A= 494 EO. 65
Here A : amphtu_de-
F . frequency
. 1.0+
3
;§ 0.8“ - '. - b N .A=4‘94F_d‘665
"Bl . : Tt
CE 061
I 0.4 1
0.2- SR
0 T - l- T - :I j I 1 T
0 10 20 30 40 50 60 70 80

: _— Frequency (}*)

‘Fig. II 2.2- 16 Relation betwecn amphtudc and flequency

4-5- 2 Spectrum analysis of waves

Power spectrum analy51s ‘was cartied out with the fundament'll waves, composmg part of
waves on the stacking rec01ds and their components Four.waves were selected from e'u;h of low
and high freq_uency domains on-the stakmg records for the analysis. They are ‘allin 0.0 ~ 3.5 sec.

(1) Viewing tendency of“th_'e freqnen_cy distribution of the waves in_the lowfrecjnency domain,
the first peak is found around 7~ 15 Hz, the second peak. ;s alound 20 ~ 25 Hz and fhé third
peak appeqrs at around 35 Hz. demmmg the spectrum in each tr ace the first peak is hardly
reeogmzed m 24 ch of line B, but peiaks are found in the area of the frequcncy of ove1 40-Hz.
Other traces have similar . tendency as tlns That is, mcludmg line B-24 trace, the ‘most
remarkable peak is the second peak followed by the pcaks of the first and the f:hlrd peaks.”

(2) As for the waves. 1n thc high frequency domam threc pcaks are lecognme(l as is seen in the '
low. flequency domain. The most remarkable peak is tlie second peak around- 25 ~ 28 Hz,
followed by the tlnrd and the fII'St peaks. Asa whole they are d15tr1buted in highes fr equency
zone by about 10 Hz than those distributed in the low frequency domain.
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4. 5-3 Characteustlcs and dlstrxbutlon of refiected waves _

. If the geologlcal components are homogeneous physncatly, the reﬂectlon recor. d would have a
tendency that waves of hlgh fre squency are dectefismg while those of low frequency would be left '
‘with the passage of time. Howevel the actual waves on the records have variations of flequcncy
and S-N ratio in places. It 'is thought that some of these variations are c01respondmg to those
related to the geology or the structure in the area the waves are p;opaﬂated to.

Accordmgly, it is quulred to con31de1 the distubutlon founs of waves from the viewpoint of
flequency and amphtude (S—N ratio).

(1) Frequency d1str1but1on .

Frequency of the waves on the stacking 1ecords is dmded into the tollowmg two groups
(Table TI. 229) ]n thc flequency distribution map (PL. 11.2. 2-26 30) ‘the tendency of the
frequency dlstubutlon is dlspIayed Generally, the tendency of the f1equency distribution i in each
of the groups can be mterpreted as fOIIOWS in couelatton w1[h geology and stluctme '

' Table 11229 Outline of frequency 'd_istr_ibﬁﬁou_

Group' Frequency ' : Relmrks
: _ _ 'Predommantly distributed densefy near intense
1 _ under 20 Hz | alteration zone and fault structure mam[y in’

| perpendicular direction:

Mainly distributed in massive hard rocks with

2 ' over20 HZ. less amount of joint and cracks.

Tendency of the frequency dlstrlbutlon and its characteristics along each of the survey lines

are given in the following.
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1. Sﬁrvey line A :

Generally, low flequency domain of the frequency of under 20 H? (the group 1) is
distributed at the depth more than 0.5 sec, between RP. 1 and RP 10, between RP 31 and RP 49
_and between RP 60 and RP 70, The former two dmtllbutlom have a. temluu,y to thund ina
columnar form in perpcn(lu,ular duectlon and to be clustered along the faults of ®, @ and (.
The latter distribution between RP 60 and RP 70 has _a-tcndency of scatteung in vague columnar
form. In most of the area.sou'th_ of RP 70, high frequency domain of the frequency of over 20 Hz

(the group 2) is distributéd, and the grdup | is found only sporadically.

2. Survey line B

The shallow part of 0.0 ~ 0.5 sec is occupied by the group 2 of the hlgh frequency domain,
as in seen in the survey tine A. It is estimated that shallow part is’composed of compact hard
rock. Geﬁeralfy in the area of 0.5 ~ 1.5 sec, many of the crowded low fl‘eqllelléy domain of the
group 1 are found. Their distribution has a tendency to take flat and scattéring form, poorly
continuous fo perpendicular direction. 1t is pointed out that the faults of ®, @J, ® and ® .
are along this proup 1 of the low frequency. ' :

In the part deeper than 1.5 sec, distribution of the group 2 is temarkable and the p group 1 is
found merely around RP | ~ RP 10 in the westem part of the surveyed area. However they are

not continuous upwald

3. Survey line C

In the arca weet of RP 15 in the central part of the survey line C, distribution of remarkable
low frequency domain of the group 1 is 1ecogm7ed in columnar form, at the dépth of more than
Q. 5 sec. ]::spe(:]ally, around RP 1 ~ RP 6 in the western most part, the iow frequency dormain
seems to be distributed continuously from the depth of more than 2.5 sec along the faults of O
® and . In the eastern part of the survey line, the group 1 is dlstnbuted flat in the shallow
part of0.3~0.5 sec, though the group 2 is distributed in most of this part.

4. Survey line D o i

.Generally, the group 2 is distributed scatteringly at the depth of 0.2 ~ 0.6 sec in most part of
this survey line. Around RP 1 ~ RP 5, a tcndcncy of distribution in perpendicular direction at
the depth of 0.1 ~ 0.6 sec, which is estimated to’ be caused by the @ fault, is recognized.

5. Survey finc E .
_ Along most of this suwcy lme the g1oup 2is dlstubuted though the group 1 is dlstnbutcd in
the shallower part than 0.4 secin a narrow zone between the faults of @ and ®.

(2) Distribution of §-N fatio (amp’iitude)

_ Half wave amplitudes of the waves on the st'tckmg records are d1v1ded into the following two
groups and the S-N ratio distribution maps (PL. 1L.2.2-21 ~ 25) have been drawn up to express
. the _tende_n_py.
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Table 11.2,2-10 §-N ratio

Group Half wave mi]_plitmic : , Rema‘: ks

related m‘amly with geological layer waves which

1 ver 20 Hz
,O er 20 are confinuous laterally

: cortespond to the group 2 of the frequency
2 under 20 Hz distribution (high fr equency domam) in many
: | cases

Clmdcterlstu,s of the S-N ratio dmtnbutlon are sunumn?ed in the following p‘ll“lgi"‘lphs
1. Survey lme A _ . . _

High S-N ratio zones of the group 1 (halfl wave amplitude over 2 mm) are distributed densely
in the part of 0.0 ~ 2.0 sec, generally, The distribution in almost flat and continuous forms are
remarkable. In the areas. between RP 1 and RP 10 and between RP 31 and RP 49, where low
frequency domains are distributed, columnar forms of distribution continuous from the depth '
are recognized in many cases. At the depth deeper than 2.0 sec, low S-N ratio zones of the group
1 are distributed in flat form, amongst which the group 2 is scatteringly distributed.

2. Survey line B

Gener'ﬂly, the gmup 2 1s dlstnbutcd Local]y in the area west of RP 25, the group | is
1ecogmzed to'be dlstrlbute(t in the pelpendlcufar direction at the depth of 0.0~ 1.0 sec. Relation
between the S-N ratio and the frcquency distribution is not recognized along the suwey line.

3. Survey line C |

The group s dlstubuted in the shallower part than 3. 0 sec genemlly This tendency is
especially remarkable between L, horizon and L; horizon in the east of RP 15 (crossmg pomt
with A line). In the low frequency domain between RP 1 and RP 6 colummnar d1str1but10n i

dominant in perpendicular direction,

4. Survey line D : :

The group 2 is predominantly distributed in the shallower part than 0.5 sec, while in the part
of 0.5~ 1.5 sec the group 1 is densely distributed. Flat continuity is recognized between L,
hotizon and Lg houaon in the area west of the fault ®.

5. Survey line E

The group 1 is distributed as a whole, This tendency is especially remarkable at the dep[h
between L; horizon and L, horizon. In the deeper part that 1.5 sec, the group-2 is
predominantly distributed in flat form. As above—mentioned,'the. forms of the low frequency
domain and high S-N ratio zone, such as scattering typ;: flat typé and ¢olumnar type, and the
rate’ of their distribution seem to vary according to the area and to the depth However, the
differences of waves in the area where the above-notcd signs are found are thought to be related
to some geological and geothermal indications. Therefore, it is thought that they are notable

informations for the elucidation of geological structure.
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4-6 Decp structure by 1eflect10n method :
Taking the remarkably contintous p*lrts of the punmpal reflected waves on thc Fmal qt‘u,k
' ‘time section (PL, 11.2.2-16~20) and the Final shck (Depth ‘;eCthl’l) to be rcficchon layer, seve,ml

l'zyeis were assumed and deep structure analyms was exccuted upon this assumptlon

-4-6-1 Velocity distribution in pelpendlculm direction .- o
Detemnmnon of tlie velouty d]stnbutlon in pe;pendlculm duecnon is the most lmpmtant
process of calculation for the deep structme analysis by teflection method. Although there are
several methods to obtain average velocxty in perpendicular direction, if is calculatbd generally on
the basis of tlavel times and difference of tlavel times of the reflected. wwes and data of well
logging and result of velocnty measurement of drilling cores are taken into the COIISldeldhOIl in
many ¢ases.: :
1. Average velocity in per pen(hcular d;rectlon
~ The average \elocﬂy was calculated fipm AT (Move out.time) on the re_ﬂectioh'reqords in
this survey. The results of the velocity analysis at 2 to 4.places along each surv_ey line are given in
the foliowing tables,

Table 11.2.2-11 Result of velocity analysis

(A-line) - |
SP7--8 | SP32-33 SP57 — 58 © SP 82— 83
(1073 sec) (m) (103 sec) (m) (1073 sec) (m) (1072 sec) (m)

0 4,000 .0 4,000 0 4,000 0 4,000

700 4,500 770 4,440 850 4,250 950 4,500
1,450 4760 | 1,430 4750 |- 1,500 - 4,700 | 1,700 4,850
2,620 5,580 | 2,530 . 5,500 | 2,500 5,400 02,500 5,200
4,000 6,200 4,000 6,200 4,000 6,200 4,000 6,150
(B-line) ' (C-line) S
SP7—8 _ SP 27 — 28 ' SP7-8 SP27-- 28
(1073 sec) (m) (1072 sec) (m) - (1073 sec) (m) (103 sec) (m)

0 - 3,900 0. 4000 | 0 4,000 0 4,000
550 - 4350 | 5200 4,230 900" 4,750 1,000 4,820
1,430 5,000 1,500 4,860 | | 1,570 5,080 1,600 5,100
2,130 5,260 2,200 5,530 12,2000 5,400 2,200 5,480
2,700 5600 | -2,8000 5,760 4,000 6,000 4,000 - 6,300
4,000 6,300 4,000 6,550 R
.(D-lin.e) o . - o .f' . (E-line) _ _ T

Sp7-B..| sp27-28 || SP7-8 | SP22-23. SP37—38
(10° 3 sec). Gn). (10 3 see). (m)t | (1073 sec) (n) (1073 sec) (m) (10 -3 sec) (m) .

0 4,040 | .0 4070 || 0 3,940 .0 4,000 | . 0. 3,980

7700 4,480 _._7__3_0' 4,540 250 4,010 | 200 4,130 | 300 4,130
15320 4,900 “11300°74.900 | 900 4,420 | 800 4,450 | 830 4,400
1,980 .°5;300 o 1,980°75,250°| 11,530 4,660 | 2,000 4,950 . | 1,680 4,860
2,800 5,680 | 2,870 5,680 | 2,500 5,050 | 2,900 5,600 |-2,680 5340
4,000 6,240 | 4,000 6,220 | | 4,000 6,100 '| 4,000 6,150 | 4,000 6,100
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~<—— Reflection travel time t (sec)

Based ‘on the results of the Table 11.2.2-11, the 1'elati0i1 between retlection travel time and
average velocity is given in the following figure (Fig. 11.2.2-18). '

Average velocity increase (& Vaf0.2 sec)

100 200 (in/sec)
0.0 : ’ |
I ol Va, = - 4,000 + 650t _ . wee=— | Aling
1o N \! 4,074 + 557 1' JNC, F $ o
| I X _ Ay = —=--— | Cling.
. N — -
| ! X : w2 B line
| Average of
. ail lines
Avemge veloclty—)
‘1 increase (&, V¥a/0.2 sec) :
2-0_'““—*rI 1T Vay = 3,740 1 780 1
% .
| Lty Va, = 4,614 + 343
3.0 3 ' '
A
ol
| Vas =4,045 ¥
I -
| o
4.0 7 T o T T T 7% )
4.0 4% : 5.5

——————= Average velocity Va (km/s).

Fig. Ii_.2.2—18 A_Rel‘ation between reflection fravel time aiid average v_elo_éity

Menhonmg about the general tendency of the 1elat10n between the reﬂecnon tr'wel time (t)
and the avérage Veloc1ty (Va) in thls figure, though fair amount of d1f ference is recogmzed
accordmg to the calculation. points of each survey line, the initial veloclty is Vo =4,000 m/s near
surface and is increasing toward the depth, The initial velocity reaches up to Va= 4 Skm/satt=
0.8 sec of the rBﬂBCtIOH travel time, and Va= 6 3 km/sat t = 4.0 sec.

Table 11.2.2-12 Reflection travel time, average velocity'and average velocity increase

Average travel time Average velocity ' Average velocily .
St (107 sec) o (mfsecy- - : - " increase &Va {(m/0.2 sec) "

| o . 4,000 | o

00 : — 4,520 . 130.

1,500 4910 Lo,

2,000 | 5,300 156
2,700 5,540 ' 68
4,000 - 6,260 ] o
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The reflection travel time (t), the average velocity (Vd) zmd lhe avemge velocxty increase
(Va/0.2 sec) are shown in T'nble 11.2.2-12. : o

The relation between the avcrage velocity (Va) ¢md the reflection travel time (t) is glven
below in formulae with the relation of the average velocity to the travel time. '

The relation beiween the average velocity Va and the reflection travel time t is given bel_ow in
formutae with the relation of the average velocity to the travel time,

Here

Va= Vo + (o)t
Va : aveméc velocity (nifs) at the reflection travel time t
Vo : average velocity (m/s) at the datum level

oD average velogity increase tate (m/s?) below the datum levei
t : reflection travel time (sec)

The reldtlon of the average velocity to the reflection tr'wel time is shown below i in first dcg,ree

formula.

Vi = 4,000 + 650t (0~ 0.8'scc)
Vaa = 4,074 + 557t (0.8~ 1.5:sec)

- Vaz=3,740 + 780t (1.5 ~ 2.0 sec)

Vag=4.614 +343t (2.0~ 2.7 sec)
Vas= 4,045 + 554t (2.7~ 4.0 scc)

The characteristics of the -distribution of the average velocity in these divisions are

summarized as follows.

(a)

(b)

(c)

The average velocity has bending points at the reflcction travel time of t = 0.8, 1.5, 2.0
and 2.7 sec, by. the change of increase rate of the average velocity, as shown by the above
formulae of Va, ~ Va,. The increasc rate of the average velocity is highest between t =
1.5 and 2.0, while the lowest values are recognized in t = 2.0 ~ 2.7 sec. _
The average velocity increase AVa in each of 0.2 sec intervals of the reflection travel
time is 110 ~ 130 m/0.2 sec between O and 1.5 sec and between 2.7 and 4.0 sec, as
shown in Fig. 11.2-2-12. Accordingly, it can be said to be the gencral tendency that the
highest value is at about 1.7 sec', ‘while the lowest value is at about 2.2 sec, with the
repetition of pradual increase and gradual decrease around the .highest and the lowest
po‘infs. ' ' '
It is thought that the area around the changing points is correspondent to some geological
borders or lithoiogiéal boundaries.

(2} Layer velomty in perpendlcular du ectlon

~ The depth dlstnbution in perpendicular chrectmu which is obtained from the average
velocity stated i in (1), is refered to in the following,
The lay_efvgloci:ty' in perpendiculz_lr direction (Vv = Vo + kZ) is obtained from Z — t curve by

the Milles’s method (the formula given below).
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. o
Vo =kZ -~

KTy =
! Ly — 7,
kK =—1In =
TN

Here 7 arbitrary depth _
. Z,.. . depth for bf_:fpt_}ﬂ(li(:ﬂlm‘ fravel time T,
Zy : depth for perpéndic'ular travel time T,
T_l -1 /2 of Tg .(1/2 of the reflection travel time)
k : incrcasc rate of veloci‘t.y

Here is shown, the results of the calculation of layer velocity in perpendicular direction from
T, =02 ~ 2.4 (sec), which arc given in the relation formula of the depth and the reflection
travel time subsequently stated (solid line of Z — T curve) .

Table 11.2.2-13  Calculation results of layer velocily in perpendicular direction

P dicular _ ‘Rate of " Initial - Layer
:;ﬁ)?;t teutal Depth (m) increase velocity velocity
y (sec) K - Vo Vv
T, .. T Z, Z; (I/sec) (i /sec) . (m/sec)
0.1 0.2 407 827 0.31 4,071 4,071 +0.31Z
0.2 0.4 827 1,704 0.29 3,997 3,997 + 0.29Z
0.4 0.8 1,704 3,616 0.29 : 4,018 4018 +0.297Z
0.6 12 2,634 5,691 0.25 4,069 4,069 +0.25Z
0.8 1.6 3,616 7,981 0.24 4,100 4,100 + 0,247
1.0 2.0 4635 10,600 0.25° 4,080 4,080 + 0.257
1.2 2.4 5,691 13,049 0.21 4,170 4170 +0.217
Average 0.26 4,072 . 4072 +0.26 Z

Vv(min) = 3,996 + 0,237
Vv({mean} = 4,072 + 0.26Z
Vv(max)=4,193 +0.27Z

0.01— :
= N —
\L* \ :
1.0 : Distribmtion of velocily (Vh) —
\I\Q T by refraction method :
2.0+ p P Distribution of velocity (V) —
. '\> - | by reflection method
Z WSoNE
-
= 3.0f N
<t .
2 ) .
1 AN
4.0 . !
N
5.0 ' L - o Ik
30 35 4.0 4.5 5.0 ) 3.5

Layer velocily in perpendicular direction Vv (kim/s)

Fig. 11.2.2-19 Rough distribution of layer velocity
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The layer velocity in 'perpehclicular direction Vv in this surveyed arca is ihc'fc':sing linearly
with the increase of the depth as shown in Fig. 11.2,2-19, generally. The results of the above
calculation are summarized below. :

{a) The layu velocity Vv is distributed in the range similar to the (llStlIthlOH of the velomty
obtamed by the refration method Vh (mamly horizontal dm,ctlon) -

{b) Vv is included in the shadowed part-in the Flg 11.2,2-19, although there is a tendency that
the rate of i increase of the velocity is rather high in the slnl[ow p‘nt and low i m the deep part,

{¢) If the geological boundary between the ar funte and the I’aleozmo formation is assumed at the
fevel of —2,000 meters above sea tevel, the layered velomty is about 4.6 km/s, and if at the
le,vcl of —3,000 meters, then it is about 4.8 Ixmlscc

4-6-2" Depth distribution in perpendicular distribution R :
In the following, is shown the relation between the reflection depth (Z) and the reﬂection
travel time (t), which is obtained from the relation formula of the reflection travel time to the

average velocity; mentioned in (1) {Fig. 11.2.2-20).

3.0
]
e
: IS e S
20 e e
Cl ==
& =]
:; - //-"‘/
g =
= /ﬁ/"‘
(o)
3 ]
0.0 :
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

Reflection depth Z (kin/s)

Fig. 11.2.2-20 Relation between reflection travel time and reflection depth

According tb_lhe relation in this figure, the following items can be estimated.

(1} 1t is estimated that the continunous phases (reflection féce) at around t = 0.9 sec and 1.8 sec
of the reflection travel time on the Time section map (with'reflective layer) (PL. 11.2.2-3] ~
35) along the suwey lme B are 2,000 meters and —4, 500 metels above sea level,
respectively. :

(2) The horizons of L1 to L.8_ on t.he Depth section map (PI.. 11.2.24] ~ 43) are represented by
continuous phaseé com paratiVély conspicuous in the range between t = 0.0 and .2 5 sec of the
reflection travel time on the Time section map. They are distributed down to the depth of
—7,000 meters above sed lwel . '

(3) The Tlevels of the bendmg poinis at t= 2.0 sec, shown by the relation formula of the
reflection travel time (t) to the 'werage velocily (Va) are hardly determined uniformly on

: each survey line. As a whoIe continuous phascs in a forni of layer are recogmzed The depth
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is approximately 5,000 meters above sea level.

4-6-3 Depth sectlon R e
Taking - the rennrkdbly contlnuous phases on the Final stack (Depth sectlon) and on the

Fmal stack time section to be planes of reflection waves, 8 hotizons of LI to L8 were assumed
toward the depth, which were employed as the kéy beds for structure analysis underneath the
survey lines. ' N . ' ) : '

. The depth of the hon?ons and the characteristics as well as the results of the correlation lo
the geology (refer to the results of the present gcologcai survey) are. dlSpl'lyt‘d in the followmg
Table (Table 11.2.2-14).

Table 11.2.2-14 Outlines ol assumed horizons

' Area of existence : : -
: Geological
‘;}gﬁ?;gﬁd Elevation | Depth Thickness Remarks formation
VR _ {m) S (m) {(m) _ correlated
Datum +300 0] B
level & High frequency domain, Permain
0~1,900 Density of reflection wave (andsite)
. 0 is low
L1 —1,800 ~
1,800 Low SN ratio zone. Permian
0~1,500 Phases are poorly conti- (shale, andsite,
_ 0 nuous chert)
L2 . —3,200 ~ -
—3,200 : 300 High S-N ratio zone,
. ~ Phases are remarkably
300 - GO0 800 continuous
L 3 - A~ : . _
—4,100 4,400 500 - High frequency domain.
o : ~1,200 Density is rather low,
— 800 —1,100 ' - i Pernian
L4 ~ ~ 600 Phases are remarkably con-
_ T'S 000 —3,300 ~ tinuous. High S-N ratio
: 1,200 zone. Low frequency
—1,600 —1,900 domains are densely
L5 ~ ~ crowded.
—5,800 - —6,100 300 S-N ratio is rather low, com-
—1,900 o —2,200 ) ~ pared to Ohe upper layers
L6 . o~ _ ~ 600 (Lqa~Ls horizons)
| —6,100 —6,400 300 Density of rcflection waves.
(—2,800} (3,100} o is high, High S-N ratio
L7 ' ~ ~ - 1,100 zone. .
(=3.500) . (-3,800) 0 Density of reflection waves Limestone
—2.900 -3,200 ~ is rather low, but S-N ratio (sandstone)
L3 : ~ ~ 3,000 is high. _
_76}700 ~7,000 _ S-N ratio is rather low, com- "Granites
pared to the upper layers. '
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As stated in the pamgrdphs of the frequency. d:stnbutlon 1nd the (llffr&Cthl‘l source
dlstnbutlon it is the horizon between }‘,2 and L; and between L, and Ls that dre recognized -
omp‘uatwely remmkably, concerning both the reflected waves and the iefneted waves.,
“The elnmeteustlcs "tlong each of the survey lines on the Depth section map are descnbed in
the following, ' : :

{1} vaey ling A :

It is renmrkable as to the underground st:uetme anng t}ns s.urvey lme that there is a
horst-like uplifted zone at around: RP 70 ~ RP 90, in the general feature that dislocations in
step-like forin are developed due to the tlnee faults of @, ®and @ in the arca between the
&Y fault near SP 6 and the ® - fault around RP 150. The L, horizon is not leeogmzed in this
part between RP 6 and RP 150. Also, in this part, the horizon Ly forms a plane elevated gently
_ toward the nonth which is differcnt from the Structure of the other upper horizons. '

Dislocated by the (& fault, whole of this part forms a submdecl Zone, In thc northernmost
part,” the homons shallower than Ls have been eroded out. In the arca east of the @ fault, the -
structure is complicated subsided or uplifted by ® and (Z) faults. As a whole an uplifted zone '
is fonned in the area between the two faults of ® and @. This zone has steeply su!)31d1ng
structure toward outside of the survey line, '

(2) Survey line B . 7
Seven faults arc estimated along this survey line. The centrai part of the llne between the ®
fault. and the @ fault, is the uplifted zone, from where the subsiding step fault structure is
reco'gnize_d. toward outside of the survey line. At around the northeastern teriminal point.of this
survey line, the Ls horizon is not recognized, as is the case seen in northwestem end of the

survey line A,

(3) Survey line C _
The underground structure. along this survey hne has a general tendency that the central part
‘of the survey lme is upllfted zone to some extent, but the structure is lathel comphcated because
-the repetition of upilft and subsidencc is recognized due to the movement of the several faults.

The Lg horizon, the deepest in the area, is distributed in almost flat form.

(4) Survey line D :

Large scaled graben t;tructule dislocated ve1t1cally by 1200 to 1500 meters by the @ f'mlt
the main’ teetomc_ line’ along_ t_hls _survey line is recogm_zed. n the eastern part of the survey line,
there is a tendency of the under—gf’otmd si’ructnre to form steep slope toward cast. The western
part 1eveals step-like: structure with the faults of @, @ and @ ‘The area around RP 26
‘between the O fault and the @ fault, is an’ upllfted horst zone, from where subsiding step-fault

" structure i 13 reeogmze(l

;(S) Survey llne E .
_ In tile south of the @ fauit whlch is. focated in the northern pait of the survey line E,
submdence by the step faults is 1ecogmzed toward north generally, due to the faults of (Q), ®

' " and @_, al_thqugh the structure is flat in the area north of the (@ fault. Accordingly, the graben
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structure is remarkzibie in the area between the (M fault and the (@ fault. The structure of the
Ly hotizon is almost tlat asa whole though it composes slight anticline and syncline in the north
of the ® fautt, The depth of thic L horizon is about 6,500 meters above sea level, whu,h i3
the deepest elevmon of this horizon so far caught by the survey,

4—6 4 Deep stluctme nnaly51s . . _
Seleetmg Ly 'md L8 houzons in the Depth seetlon map, for the compleheuswn of the

general plane stmctme ‘1]011g 'md mound the survey lmes the proper t1es welc dlspl'wed on the'
Structural ‘planes (PL Il 2244 ~ 45). The contour lines weie drawil with 500 meter interval,
‘taking the standard to ‘be sea level, and the locations of .faults and tlic axes of synclines: and "
anticlines were entered in. this map, Aldo for the analysis of the plane suuetures at the level of
-1,000 metem and 2,000 meters, . Wthh were thought to be closely- rélated to geotl rermal
_ ICSCI‘VOI]S Depth stiuctule analysis map (PL. Il 2,246 ~ 47) were prepared, on which the

_ locatlon of the faults, the distribution of the assumed horizons and the distribution of the low"
frequency (lomfuns were éntered.. The directions of the extension of the fault stiuctures -were
determined, con31dermg the (lue(,tlon of the shallow structme by the side reflection and the
- velocity (llstubutmn of the shallow structure analysis by the refraction method.

- {1y Depth etructme ana1y31s map of L4 horizon (PL. IL.2. 2 -44) _ _

This horizon is dlstnbuted in rather wide range of levels between —800 meters 'md 5 000 :
metels above sea level. That-is, th1s horizon is situated at the elevation between —800 meters and-
2,000 meters. above sea level in the nolthem area, bownded by the ® fault of N-§ S trend, which
is located l'ttently in the southern half of the smveyed area. The distribution of this horizon in
the southern side of ‘the fault.is between 2,500 meters and 5,000 meters above sea level.
T herefore .there is a fair amount of difference. ol the elevations of the horizon in the east side
and in the west side of the fault, _ ' .

There is a xemarkable upltfted ?one a1ound the area where the geother mial 111(110'1t10ns are
d1str1buted This uphfted zone forms an antlelme structure with the axis in the NW-SE direction.
. _Tlle surrounding area COMposes comparatwely monotonous subs1dence structure, Tt is 1eeogmzed
that the southeastern part of the ® fault would show a subsided zone in the SE direction, which
forms a syncline structure. The axis is found at around the EGAT CAMP. Tt can be said that the
surveyed area is dmded into severfil blocks by such faults as represented by the faults of ®, @
and @ faults of NW-SE trend, by the (¥ and @ faults of N-$ trend and by the ® fault of
E-W t;end

(2) Dcpth structure analy31s map of L8 houzon (PL .2 2- 45)

This 1y houzon s the deepest hou/on estlmated in ‘the present seismic sili'vey and is
distributed at the elevatlon between —2,100 meters and - -6,500 meters above sea level. As a
whole the structures of E-W trend are remarkable on this horizon, which is almost in right angle
to the structure of the tpper Ly horizon h'wmg N-§ trend. This fact suggest that there is an
mcongl uous relation between the upper L4 houzon and tlus Ls hongon and it is thought that
the porfion below this Lg houzon is correlated to granites 1ntrudmg the Paleozoze formatlons As
a whole, the horizon is dipping toward east. In the area cast of the (& fault, the part around the
terminal points of the stivey lineé B, C and D':is recognized to have been uplifted. Repetition of
synclines -and anticlines of E—W trend is recognized in the area north of the ® fault, while the
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structures of N-§ trend is found to be general in the south of the fault.

(3) Depth structure analysis map at the elevation at — 1,000 meters above the datum level (PL.
11.2.2-46) | - _ . -

On the horizon at the elevation of—wl ,000 meters above the clatum Ievel the geologlcal layers
found between the horizons of I, and L4 are dlstubuted mamly, in the area between thc ®
fault and the ® fault. . ;

- Between the survey line B and C, there is an antictinat uphfted Zone w1th the axis trendmg in
NW-SE dnectlon -around the-area ‘where the geothclmal indications-are dlstubutcd Subsidence is
recognized toward the wings. The structures along C and D lines are similar to the structure in the
arca between the su rvey lines B and D, but the axis of the anticline is in"N-8 direction.

In the area south of the. survey line D, the lowe: horizons from i, to Ls are distributed,
according:to the distance fr om the survey line. In the southeriy side of the ) fault, the sh'ﬂlowe;
horizons than the L horizon are mainly distributed. .

Most of the low frequency domain are distributed around the @ fault bétween the 'surv'ey
line B and the survey line D). The extension of the distribution of the low frequency domains are
in harmony with the axis of the anticline. '

(4) Depth structure analysis map at the elevation of — 2,000 meters above the datum level (PL.
11.2.2-47)

In this plan, are distributed the houmns of L, toLg. Asseenin the Depth structure map at
the clevation of —1 OOO meters above the datum fevel, the main structu;e is composed of the
uplifted zone with the axis in NW-SE direction, passing through the area where the geothermal
indications are distributed. Around the area where the well of GTE-2 is located, are (hstnbuted
the horizons of L. ~ Lg,the deepest horizons betwcen the subject levels.

It is remarkable that the low fxequcncy domains are distributed along the ® {ault as well as
along the @ fanlt between the survey lines of B and C, with the w1dth of 400 ~ 500 meters.

As to the dlbtliblltloﬂ of the Tow frequency clomams 1espcct1vely at the honzon of =2,000
meters and at the honzon of —1 000 meters above the datum level, the tendency is recognized
that the distribution of the former is concentrated along and around the O fault or the @ fault
in the western part, while the distribution of the latter is found along dnd around thie (W) fflult in
the eastern part of the surveyed area.

5. 'Summziry
The results of the deep stluctu;e amlysm the wave analysis and the shallow structurc analysis
by the seismic reflection and leimcnon methods are summ‘mzed as fol[ows

5-1 Velocity disfributio_n

5 1-1 Subsulfacc (Refractton method Vh)
' Subeurf’tce velomty layers arc dmded mto three umts fr om the vclomty d:stnbunon

No. lrlayér S o 400 m/s ' | surface soil

_ _No. 2_layer' _ o 2 050 2,080 m/s weathered zone
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2,300 ~ 2,700 m/s
No. 3 layer 2,900 ~ 4,000 m/s

hard rock
4, 100 5,700 m/fs e roc

The velocny zone of the uppe1 pmt of the No. 2 layel is dlqtubutcd m'nn!y in the low
-veloc1ty area around the crossing point of A and D survey lines, and its velocny is lower by 10 ~
20% comp’tred to that i in the other area. As for the velocity chstubution on the smface of the No.
3 Iayer the one in the eastern part of the sum,yul area is dllfelent from that i in the westem p'ut

- and they are bounded by the existence of the central part Values of the veloc;ty in the eastern
part compose 111gh velocity zone, while those in the: western part are forming nuddle to low
velomty zone. The direction of the bound’uy dividing thcsu velomty zones corresponds

approximately to that of the side reflection.

5-1-2 Depth (Va, Vv by the reflection mcthod) ‘
Accordmg to the results of the velocity analysis by the raflection xecm(ls dvemge velouty
and layer velooity are shown hy the following assumption formulae.

Avelage velomty (unit: km/s) :
Va, =4,000+650t ... ... t=0.0~ 0.8 sec

Vay, =4,074+ 557t ... ... t=0.8~ 1.5 sec

Vas =3740+ 780t .. ... t=1.5~2.0sec

Vas =4614+3431 ... ... =20~ 2.7 sec

Vas =4,045+554t .. ..., t=12.7~4.0 sec
Average of values of the layer veloéity

Vv =4,072+0.267 ... ... average (m/s)

The average velocity reveals almost linear variation, but small change in the increasing amount
is recognized around the 2.0 second (about 5,000 mcters below the datum line). It is expected
that certain geological boundary would be located there,

5-2 Subsurface analysis

5 2~1 Side reflection

Concermng the suie reﬂectmn N S system and NE- ‘SW system are remar kab[e it is thought
that some of them are caused by the [ault qtructmes wlule others are due to the strikes of the
beddmgs Contmuous side reflection is in many cases conespondmg to the velocity bouudaly

caught by the three-layered analysis.
5-3 Analysis of wave form

5-3-1 F:equency distribution . :
(1 The low frequency domams (unde1 20 Hz) gioupbd as (1) are hardly recognized along the
survey lines of D and E, whlle they. are distubutcd at the ievels of the depth more than 0.5 h
sec (approx1mately 1,000 meters ‘below the datum lme) anng the survey lines of AB and C.

‘ Espcc;ally in parts along the survey lines of A and C, they are distributed contmuousiy at the
levels of the depth of more than 2.5 sec (approxim'ately 7,000 meters below the datum line).
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[t is lhoughi that they would lmvc certain 1elation {0 the geothemlal Passages. _

(2) Many of the low frequency (Iomum aro rccogm/od to be along the fault structureq in the
deep, genenllv li is especially noted that such mdtcatlons are found along and around the
f'lults of ®, @ dnd ® remarkably. :

5-3- 2 S N mtio dlstnbutlon a
_(I) It is. uot'lb!e that the lngh '§-Nratio zones of (i) gloup hwc 2 pattcm of norlzontal '
dwtr;button generally bctween 0.0 "md 1. S seconds. Thls tondency is cspecmlly mn'ukable in

the No. 3toNo. 5 ldyt}lb
(?) Co!ummr dlstubutton in pcapoucllcul'u ducctm is seen 1ema1k1bly in the area where Iow
' trcquency doinains are well (ieveloped along the smvey lines of A and C. However no such

lelatlon has been 1ecog1uzed along the survey line of B.

5-3-3 Distnbutlon of dlffrq(‘non sources _
(1) Of ‘the diffracted waves, 1emar1«1b!y contmuous ones are thought to be replesentmg fault
structure. The peak of their frequency d:stnbutlon it the peipendncular (hrectlon is at about
0.7 ~ 1.1 sec (—1500 ~ 2500 meters below the datum line) and the f1equency decreases
gractually in the pomon deeper than the peak. The tollowmg peaks are recognized along the

survey lines.

Aline ; RP, 13,20,39, 58,93, 133, 187, 206
Bfine ; RP, 10, 19,23, 40, 75
Cliné ; RP, 7,21,40,61,75
Dline ; RP, 9,40, 50,72

Eline ; RP, 10,47, 73,95 _
' ' - RP: receiving point -

2 letlactlon soutces are densely dtstnbute(l mamly '1round the above peaks composmg
continuous dlStrlbUthIl From the tendency of such (hs.tnbutlon existence of f'mlt structures
marked by the symbols from &) to (@ have been. estimated.

5-4 Deep structure fmalysts
‘Horizons 1ema:kable on the qtackmg 1ecorcls of the selsxmc reflection ' survcy have been
selected assummgiy as Ly to Ls or thesc houzons the general tendency of the honzons of L4
‘and LB has been summanzed on .the Structure analys:s map (PL. 1122-44 45) Also for the
'comprehenslon of the structures at’ the levels of 1,000 meters and -2 000 meters above the
datum line, anothu stluctmat maps have been prepﬂred for each of these 1cvels The summdry is
glven as t"oIlows _ '
() On the L4 horlzon there is an antlclmai structure flom the central pﬂlt of the survey area'to
the northem part ‘of it The foldmg axis passes the area where the geothelmal mchcahons are .
_ dlstrlbuted (around GTE~2) In its VtC]n]tY, 311b31denee is recogmzed towqrd the faults of &
' and @ Espemally in the ar ea south of the f1ult @ the sub31dence is qulte violent.
(2) The port:on deepel than the houzon LB is mfened 6 be composed of intrusive body such as
gramte The structurdl trend of this palt is mamly E—W an(l is almost rectangular to tiat of
' the upper honzons (L, ~ Lq hor:zom), whteh reveal the structure of N- S trendmg
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(3) The hoiizous of Lyand Lg are distributed at the depth as shown below.

Lr_a horizon S.L. -800~ -—@5,0:_00 .n_i
"Ly horizon S.L. -2,900 N'--~( ,700 m

The' low ﬁequcmy donmm at the level of —-2,000 meters below the datum line are found [o
be concentrafed dlouml the faults of ® and @, and those at the level of —1,000 mctu_rs below
that are concentrated around the W fault. ' :

542 Fau]t sttuctuie - . . _ .
Mamly from the tcndency of the dmtnbul:on of the dlftmctlon souu,es total 11 faults. have
. been estimated to exist; 6 fau!tz. of NW-SE tlcn(lmn 4 t.mlts of N-S tlmdmg and a fault of L~W-
trendmg
(1) As for NW SE ttendmg faults, 6 F‘:uIts of @, ®; O @ @ ancl W), are est:maled fo be
ummng toward the southeast from the starting point of the survey lme A. Tt'is thought that _
the dlppmg of the 1ault @ is to the southwest while thc other. faults are (hppmg to the
noatheast The faults of (@, @ and - @ are thought to be th:usl fault. .
(2) As the 'N-S trending : faulfs, the fault ® inthe northern part of the suuvey area aud the fqult:,
®, @ and @ in the southeastern part can be mentioned: All these faults are thought to be
_ (hpplnu [oward the east, except for the fault Q which has the (hp to the west The fault &
s thought to bt, thrust faudt. _
Along the nor‘[hem side of the area where the geothutml indications are d]Stl‘!b{EtLd the
fault ® is ebtunated to run in E-W direction.
-{3) The order of the periods of the foimation of these laults are estimated to be as follows.

older s}, @ , NW:-SE'treﬁcI

®, ®,® N-§ t_rehcl

©®,@  NW-SEtrend

3, @ NW-SE trend -
younger . ® N-Sand E-W trends
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mo 'RE_SUL.TS OF THE SURVEYS BY THE THAILAND SIDE

IH 1

Outiine of the Resuits of ihe Surveys

On the geothen mal nesources in the northey n part of the ngdom of 1" hmland mciudmg the _
- San, qupaeng are _anothel mveshgattons and 1esmlches hiad been c-lmeci out by '1halland mde

Palt of them. Wele meuuted with the coopemtaon of the spccnllsts oFcht Gelmany and Jflp‘m.'
General - ﬂeothcnml mveshgqtmn was C‘urlcd out in this San K"impaeng area, too (Table

IHI 1)

~Table I11.1-1° Previ'ou's sﬁrvey.of the San Ka'mpaeng-arezi_ :

References

.Iséiope :inalysis_

Gas analysis ;- .
Heat discharge _
Radioactive. prospecting
Res'ié'ti\?ity'met}iod :
‘Hydrogeoldgy =

' Selsmlc prospectmg

‘Reconnaisance Survey

-Short bormg )

! 0 m deplh température :

Geochemlcal prospectmg

: Mam componem minor elements

L 8O Tritiwm
o

"Ho_t spfirig heat discharge

o

| Depth500m:
- Rainwater supply -

>
Reflection method

C(:f)ﬁ , Hg, Rn

19 holes (326.6 1)

: Contents ..
Geologlcal survey ' Ge‘oiogic"ii'map 1:15,000 Chuaviroj et’al. (1980},
Chemical analysis * Hot spring-water Kingston Reynolds.

Thom & Allardice Ltd. (1976) \IZ

Réinitig\vdtlg et al. (1979) ._

' _Tlnenpr’lsert & Rahsaskulwong '
(1980ab) ~ -
. Tluenprasert & R'sl\sqskulwong

(1980a,b) .
1.“Takashima, K; Kawada(l980}
Gsy. L

Coi]igd ted study
" Photo mtf_:r_pr_etanon :
Colligated study

Reglbnal g
Survey

. 'Phase L '
' Analysts from LANDSAT

Pha se 2.

-A]ter'ltlon survey o I Takashlma K Kawqda(l980)

_ . ' . G8J,

' Str;wt.ural,dﬂ_llmg.‘ 5 holes e
Tetrestrial heat flow Water well - 3 Ra_min'gw'on_g et'al: {1980b)
‘Micro, earthquake o Report No. 842.2301 EGAT (1980) " |-

~Ramingwong et 41..(1980b)

M. Sasada (1982) GSI. -

L Takasluma K. Kawada (1982)

GSI.

The surveys camed ou[ WETE; geologlcal smvey (flssure system survey,’ alterahon survcy,'

hydrogeologlcal mrvey), geochenucal survey (anaIys;s ‘of W'lter and gas ‘of hot springs, 1sot0pe'.

analy31s gas amlys1s rachometnc p:ospectmg, Co,, _Hg, Rn explomhon), geophysmal explomhon
(heat (1lsch'1rgc O me 'md 10 m depth tempﬁrature lTIG'lSUIﬁint‘,ﬂt remstmty SUrvey,. qeismxc
survey, terréstrial heat Tlow sulvey) s]101t boung (19 holes, average dcpth 33 m) and gcothenml

exploration wel! (5 holes of the’ de])th of 500 meters class)

By the tesults of the’ mvestlgatwn 31gn1f icant informations m thisarea were obtamed on the
geological slructure the’ condmons of” the geothemm! reservoir, the chémical’ mg:e(hents of the

hydrothermql soluuon the hydloglaphmal structure and so on,

- '-Oﬁtline of the survey reéu_lts by Thailand_'side aré described in the followings.
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Table 111.1:2 Previous survey results bf San Kaimj)aéng area

. PH of hot spring water IR 8.*31_"’"9;0' '
Temperature of hot spring water 99 {*C) (miax.)
| Gcc.yfzhenzli.qrai teniperature .{%‘llkc ;g%‘%
Total flow ot _ o 720 0 :
Hot spring heat discharge = ' 6. T (MWty .
Terrestrial heat flow ' ' 4.4~ 8.1 (HFU)
Related geological structure Fault
Assumed reservoir rock _ ‘ -Sandstone. Slate. Chert
Altered mineral (28 samples) : . Q. Se. K. Ch, M. H. Ah. Gp. AL Ja
Paleo ground temperature | 120 ~ 150 (°C) .
-Resistivity method (depth 500 m) ~ 2'area (< 100 £2m)
Rainwater supply _ 150 % 10
Available ground surface water sufficient
Topography flatness _
Localty . 25 km east from Chiang Mai
Abblewatlon

Q-quartz. Se-sericite. K-kaolinite. H- hallqulle All~'1nlxyd11te Gp- gypsum
.. Ch-chlorite. M-montmerillonite. Al-alunite. Ja-jarosite
(after I. Takashima, K. Kawada (1980), Ramingwong ef al. (1979))

1. Geo]oglcal survey

It was clarified that the area is underlain by the Cmbomfe;ous Mae Tha Formation and the
Permian Ratoburi GiOllp The main component rocks are sandstonc slate, chert, fitnestone and
basalt lava. [t was estlmated that the faults would havc pldyed an important role as the passages
of the geothermal fluid and that sandstone, slate and chert were nnporldnt_ as geothermdi
reservoir,

By the hydro-geologlcal survey, rainwater suppiy is estimated to be 150 x 104 kg_r,/ddy/km2

2. Geochemical survey _ _

Various kinds of geochemical prospecting were carricd out, as the prospecting was thohght to
be one of the most important 1neﬂlods among #arious geothermal surveys. If is general
characterisﬁps' of the chemical ingredients of the hot spring water collected in the northern part
of the‘King’dom of Thailand, .inclti:ding the. San Kampaeng area thdt total amount of ‘the solid
contained” 15 .smdll (Lmde1 1,000 ppm in most cases), that t]lcy are alkaline; conlaining less than
10 ppm of Cl concentration, ‘which is consplcuously low v(tlue in any of the. geothermal areas cver
deveioped in the wonld It has been thought from such chenucal compositions as to contain very
low salts that the geothernn! fiquid in the northern part of the Kingdom of Thailand is originated
neither from. any magmatic water nor from any connate water.

By the ChBI]lICd] thermometer underglound tempelatmes (rescrvon p'ut) were Cbtll]ld[ed
The values .are. 160 C by 8102 method, -192 ~ 207°C.by the Na-K-Ca method and 247°C by
; (,H4 (‘O2 method. ' '

Out]me of the hydlogeological structme was claufu,(l That is, the circulation period of the
geothern_ml fluid was suggested from-the tritium content. It was suggested from the condition of
" no shift 01‘ '8() that the ratio of water/rock was high. It was also pointed out from the seasonal
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VdI‘iﬂthl] of the Mg LOII[LI‘I! and the Cl content that the solution was admixed wath undelglound

' watel

3. Geophysncal exploration

By the rcsistivity survey, low 1es1st1\'1ty zones. with the resistivity of less than 100 S?,m
were found in the southeastelu part of 'the surveyed area and in the area where the g,cothennaf
indications are distributed. Thc heat discharge by the hot springs is 6 7 MWt and the terrestrial
heat flow is 4.4 ~ 8.1 HFU. .

By the distribution of the 10 i dej)th femperature, measured in ,t.'hc shallow boring, the
highesl value is found almost in the ccntergof the area where the geothermal indications are
distributed. The temperature drops like congentric circle toward the butelj ZONEs.

IIl-2 Results of the Well Logging

1. GTE-1 (PL.1IL.2-1) |
(1) Location: in the southeastern part of the surveyed arca.
East longitude 99°14°22
North latitude 18°46720
(2) Depth 500 m
(3) High(,st temperature: 80.4° C (df:pth 462 m)
(4) Thermal gradient: 12.0°C/100 m
(5) Geology: composed mainly. of basalts and gtcylsh green basaltic tuff of the uppe; pﬂlt of the
Kiu. Iom Formation, with the inserted tayers of lava dnd tuff bu,u:la Calcite and guartz veins
are developed in some p'uts Chloritization is wmfukab!e, as a whole In the sh‘ailow part
(depth of less. than 150 m), many steep-angled f{ractures are lecogmzed wluch are scarce in
the deep part. B o : ‘ _
(6) Bounded at the depth of around 200 m, gradient .of the underground temperature is rather
_high in the decpcf part, which_ié thought to be due to cbmparatively clustered fractures in the
sha]]ow p'u‘t throflgh which underground water can pehetratc into, 1'cstilti11g the cooling.
" However, as the temperature- (Eepth cmve is almost linear in this hole, it is sugs'ested that the
heat conveyance by conduction is pledommdnt in this area.

2. GTE-2(PL.1I1.2-2) _

(h) Location: in the midway between Wat Pong Hom and Ban Pong Nok, and in the area where
the geothermal indications are distributed.

(2) Depth: 500-m

(3) Highest temperature;

(5) Geology:. Composed of the sedimentary rocks comprlsmg altcrnatlon of sﬂtstone shale and
limestone of the lower part of the Kiu Lom For mdtlon Three limestone layers are developed
at the depth of. 195.1 ~.221.0 ' m, 267.3 ~ 337, 0 m and 430.8 ~ 483.5 m. Calcite veins,
quartz vems and pyrite dissemination are recognized as a whole.

The carboniceous shale 1'1yt,1 at the depth of around 230 meters is observed to reveal fragility
and easily fractured. :

(6) By the result of the electric logginQ, there is a teﬁd'cncy'that the rcsistiﬁty of the limestones
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is gencrally high; while that of “thie pelitic rocks is low. The spo'nt'aneou's’ potential shows
reverse cor relation to the resistivity. '
(1) The depth -temperature curve is linear as is the case with the well of GTE—]

3. GTE-3(PL.II1.2-3)

(1) Lomt:on near Wat Nong Noi, about 2.5 km cast of GTE- 2

(2) Depth: :

(3) Highest tcmper'lture o

(4) Thérmal gndlent The thermal gradient in this hole is much less {han the gradient of GTE-1
~and’ GTE‘-Z : ‘

(%) Geology Composed of basaltic rocks of the upper pa;l of the Kiu Lom Formation. ihey are
mostly basaltic tull but thin inserted layers of lava and tuff breccia are found partly.

4, GTE-4 (PL. Ili 2- 4)

(1) LOC'IthH at a point about 1.4 ki northwest of GTE', I.

(2) Depth 500 m ' '

(3) H:ghest temperature: 44°C at the depth of 164 m (because of ‘the poor well eondmon the
ioggmg apparatus did not descend below the depth of 166 m)

(4) Thermal gradient: . C o

(5) Geology: Com'p()sed of the middle to lower part of the Kiu Lom Fo“rmaridn Between 0 m
and 302.5 m of the depth, mamly andesitic tuff and basaltic andeblte (mlddle part of the Kiu
Lom Fonnatlon) are distributed. Between 302.5 and the 500 m of the depth fine alternation
of sandstorie and shale (the lower part of the Km Lom Formation)is dlstubuted, Shear_ed and
“fractured as a whole, fissures are well developed, but no lost of circulation was recorded, At
the depth of 415.0 meters, a fault breccia zone is recognized. Calcite and quartz veins are
generﬁlly recognized, in addition to.argillization and chioritization. | i

5. GTE-S (PL Hl 2—5) .
(1} Locatlon at a pomt about 750 meters northe’tst of the. well of. GTE 2, and next to.the area
where the geothemnl indications are distributed. ’ ' '
(2) Depth. 500 m
3 Highest temperature:
(4 Thermal grddlent
(5) Geology, Composed of the sedlment'uy rocks of the lower part of the Kiu Lom F ormatlon
Betweeﬂ 0 m and 131.0 m of the depth, the alternation of sandstone and shale is distributed.
Between 131.0 m and 240.5 m of the depth, fine alternation of chelt_, shale, sandstone,
' (andesitic) tuff and tuff breccia is distributed. Between 240.5 m and -about 300 m of the
depth altemauon of sandstoue and shale is recognized. l“hele wds no information -of the
: geology below the depth of about 300 m. EE :
. (6) It iS remaikabie that all the cuculatlon was Iost at the depth of 300 m. It is thought that the
lost of cu"cu]atlon was due to: fracture zone of the fault. (Ban M'le Khu Ha fault) or fractured
_ bed (chert bed) : : - : L
It can be sald to be common ’IS to every holes of GTL 1 to GTE- 5 tlmt the temperature is
' increasjng. lmeal_ly with the increase of depth.. Adding the condition that little loss of circulation
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was recorded while the drilling’ was carriect out, the above fact is taken t_b_ suggest that the =
principal geothern_ial syslem in“this arca is characterized by thermal conduction, considering that
open cracks capable of being pHSSzlges of the geothermal fluid are poorly distributed in most of
this area.

1hi-3 '.Modei-of the Gébth_érmaifﬁés_ervbir _'

By the results of thc vanous geothelmal surveys,the geothermal system in the San Kampacm
area was 1ppr’use(l to have lugh geothermal potentiality.

The reasons are as follows. _
(1 Thie underground tempeldtute estlmate(l from the geochemical thermometer is more than

. 180°C. _ . .

(2) Faults and lem'nkdbly fractured Sedllllt,l‘itdly rocks are well developed in this: EHBd wlnch is

_ thought to be qualificatory f01 the existence of reservoir structure. _
{(3) Br_oad smfacc geothermal indications and hot sprmglwate; of E11g]1 tempéi‘ature are recognized

in this area. The natural heat discharge by the heat flow of geothermal co’ﬁvection is 6.7 MWt
(4) The geothermal gmd!ent is 54 — 96°C/km and the tenestrial heat flow is as extraordinarily

high as 4.4 - 8.7 HFU. N T .

(5) It is estmnted from the results of the micro- ealthquakc observation lhat the San Kampaeng ‘
' oeothmmal system is. related to the Mae Tha ﬁult in the eastern part. it is a aclive iaults that

‘controls the d1str1buh0n of- the hot springs. _

Based upon the above data, conceptlon model of the San K‘ampaeng geothermal system was
brought forward by Rdmmg wong et al. of Chiang Mai Vmwelsny (Fig. H1.3-1). _

By the model,. the source of supply. of the rainwater is the Mae Tha mountaneous land in the
eastern part of the surveyed area, and the rainwater is to Mow down along faults to the depth in
the underground. The ‘rainwater, after penetratﬁd “deep ”it:l the underground, is heated
- conductively by hot rock and is converted to the geothiermal fluid. The geothermal fluid ascends

NW SE

-
well with B3% /km ?
gecthermol grodient o3 .
e — .
cold ?round walgr -

~profite of
zore of k geotharmat shallow grond___———" /
o ) . .
. Qradisnt  yuter ci 5 —
—f— R c:rwﬁuhm’I‘_

dischorge chonnels f

of hot water
.3 kmit- X /y
. [,\\ hol watar, low densuy /

possible  heal eouwrcee ——————

hot springs

ceid moataoric woler
high dansity

hot woter
TREBIVOU, pirmeabla rock

4km.i- 1. radicganic heu1

. 2, circulolion ond heot source at depih .
conductive heot
. B /- 7 \ N .
Bhmi- ’\ = [ R A
X ’l P T~

~
PR
W

Fig. I11.3-1 lnfe'rpretecl mode] of the San Kampaeng geofhermal system
Section along strike of fault controlling hot springs
(after Thai’s data)
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'upward by buoy'mcy effect and is reserved in certain permeable beds seated ‘at the- depth of
fnbout 2 k. Some leaked géothermal ﬂmd moves ascending to the side way {in NW: dlrectlon),
and i§ 1dm1xe(l w1th g[ound water (at'the appr oxumtc depth of 500 m), which forms the surface
‘indications in the San Kampaeng geothermal qrea

By modlflcatlon and concctlon of* the model after Raming wong et al the foilowmg'
geothex Iml model of the San Kampaeng area is brought lorwmd by Takashima and Kawada of -
Geological. Survey of Jap'm (Fig. 111.3-2). . ) '
- :The ramwatel penetrqtmg ‘from the. granite ared, is heated conductively in the underground,
It flows up through the faults, part of which forms reservoir and another pdrt of which comes out
of the surface after admixed with groundwater. :

tht are commaon o the above stqted models are that the rainwater is heatcd conductwely to
form geothermfll fluid and that geothermal 1esel VOIr is "tssumed at the depth (2 ~ 3 km deep).

‘Mesozoic ~Paleozoic
“voléanic IOC}_éS 7 i E _

Hot spxihgs .

Chiang’ Mai ‘Basin .

Patcozoic sedi-

mentary rocks: Triassic granite

Sl i S N Y
) ) =2 - R i T T
Reservoir * : R RS S S R SN

Speed of \eater cit
culation > 30 ycarslg S S

| Fig. .II.I.3-2 Geothermal model of the Sa:n Kampaeng area
(alter Takashima & Kawada, 1981)
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_;_v_'  DIGITAL MODEL

| iV-1 Introductian

By the mulh-vmate analysn (f.u,tor analysxs) of various data obtame(l through the pumary'
_ :md the sccondaiv mveshgatlons quallt(mve permcablhty (fissures) of the laycrs 'md d;stnbuhon

of: the tempcmtme wluch are cletcrmmmg the potentml of geothcunal TEServoirs, have been
estumted here. The plocess of the estimation is as {ollows.

Geothermal exploration

Anéiysis data value

I Iso-value contour map or distribution map_u.l -

Gri'd-‘ci_ivi's_ion of the Subject area

" Reéading of 'data_ valie at-_e'\}ery_ _grifl_ point

Multi—_\rariaté dnalysis
(Factor analysis} -

|

Extraction of faétors_ .

IHustration of fégtor sc_c;re 1_1iép N

Efstimatlon of
high tempcratuie zone ~
' : and:
high permeable zone o

Fig. IV.1-1 Process of multi-variate analysis of data .obt_aizie'd in the surveys

V-2 Method of Analysis
IV-2-1  Establishment of Grid

The object area for the multi-vatiate analysls has been (l1v1ded into two- categoues the
1eg10nal area and the local area (PL. V- 1.
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The regional area in’cludes the area from Ban Huai Dua in the ndrthﬁm 'part to Doi Tl’i‘z'm in’
the southern part of the surveyed area, In tlns regional aréa, the geologlcql survey,’ magnetlc“
survey -and the gravity survey wbrc camcci otit wuiely The area of the Obijt is- lI 75 l<m2 ‘m(l
the spacing of the grid is 500 meteis.with the total numl:el of the gucf pomts of 64 _

" The local area is cotrespoinding to the aiea north of Ban Pong Nok, where the ﬂeothermal
indications are dlStlibuted The 1 m d&,pth tempemture survey, the alteration sutvey and-other
' VATIOUs surveys were: perfmmt,d in this local area. The area is 0.8 km? and the spacing of the grid
IS 200 meters with the total iumber of the grid points of 30, - -

IV 2-2  Input Data _
The variates given to each point for the multi-var nt(, cmalysm are composed of l 1 items
1) distance from. the faults
2)dip of beds _
I degree of alteration.
4)anomalous va_I.u‘e of gravity
5)value of gré_vity gradient
6) magnetic anomalous value -
Tytotal conductance value
_8)concentration of CO, gas.
9) concentration of radon gas
10) ground temperature at the depth of 10 meters
1 1) ground temperature at the depth of 1 meter _
These input values were obtained by the reading of the grid values on each of the iso-value

contour maps.

v-2-3 Method _ _

When the numbel of the ohservation items is P in the surveys, the conelatlon matrix A for
samples is taken to be as follows, each item is. cxplesscd n matrix, which is taken to be A If AX
= AX, Nis called to be elgenvatue and X i is called to be e;genvecto; The eigenvalue A is a.common
factor of A, and X indicates the posmon on the coordinate. Therefore, the cigenvector (factor
loading) can be obtamcd . '

After the. Hltelptﬂt‘i[lon on wfnt is expressed by -the factors thus extracted, factcu sCorés-are
given to each factor for the examination of the degree how infensely e‘ach of the observation
point bears the tendenc:es of the factor. Valumx rotation is taken effect, so-that a variate might
~have high 1oadmg w:th certain chtox with the other lactors having such loading as closc as to

zZero, '
By the d1stubut1011 of factor score thus obtained, it can be clarified at each of the observation
points whether the evaluation concerning the f‘lCtOI of tem perature is high or low or whether the

evaluation conce; mng, the perme'lblhty is high or.low.



V-3 'Results of Analysis
IV-3-1 Results of Analysis of the Regional Model
1. Correlatwn mamx
The cor reht:on ‘matrix of each of the 1tuns obtained through lespectwu surveys is shown in

Table IV.3-|, The fo]lov\.rmtY characteristics are pomtcd out

Tzib]e IV.3~1_ “Correlation matrix (Regional model)

1 2 o3 4 5. & 7 B 9
A 1.0000  -0.0923  0.1951 -0.0938  0.3024  0.07%7  0.0338  0.1044 -0.1074
2 -0.0923  1.0000° 0.3608  0.04628 0.2518 = 0.2165 -0.0008  0.0600 . 0.0594
1 0.1951  0.3608 . 1.0000 0.1031. 0.2829 - 0.5557 -0.2325 -~0.1511 ~-0.2106
4 ~0.0936  0.0628  0.1031  1.0000 0.4141 -0.2941 -0.0211 -0.2134 -0.1305
5 0.1024  0.2518  0.2829  0.4141  1.0000  ~0.1054  0.0673 -0.0100  0.0578
6 0.G797 . 0.2165 .0.5557  -0.2%61 ~-0.1054  1.0000 -0.100% 0.062% - ¢.0137
7 0.0338 -0.0008 ~-0.2325 -0.0211  0.0673 -0.1003  1.0000 0.4147 0.53%4
8 0.1644  0.0600 <0.1511. -0.2936 ~0.0100  0.0421  0.4147 ° 1.0000  0.3433
2 -0 0 0.0578  ©0.0137  0.5314  0.3433-  1.0000

0596 -0.2106 -0.1305

(1) Anomalous values ‘of glawty have falr couelatlon with. total conductance vaiues of deep
_electnc survey (coxrelatjon coefficient 0.5557). For example, the low gravity anomaly
developed around Wat Pong Hom is coincident to the high total conductance arca with values
of ‘more than 300 _.m'ilos. The f:ic_t that both of the above two have_(_:'om'mon character is
thought to sug ge':st that they wou’ld have been caused by alteration or brecciation of focks.

{2) The concentration of CO2 gas has fair correlation to the 10 m depth temperature (COMG]dth]] :
coefflcxent 0.5314), 1t is thought that this conohtlon is clue to the c0nveyance of heat and
€O, gas by geothermal fluid.

(3) The corr elahon between the concentranon of CO, gas and that of radon gas is rather high
(correlation coefficient 0.4147), while. the conc_enllahon_of radon gas has low correlation to
the 10 m depth temperature (correlation coeff icient 0.3433). _

(4) The values. of the gravity gradient has fair correlation to the magnetic anomalous values
{correlation ‘éoefficielit 0.4143). 1t is thought by this correlation that they would reflect
difference of lithofacies (density, amount of magnetic minerals) and existence of faults.

2. Factor analysis
The eigenvalues the e;genvectms the factor loadmg and the vector map are shown in Table
V.3 -2, 3, 4 and Fig. 1V.3-1. By this analysis, t_he following three pun(:lpai factor axes havc becn

extracted.

(1) Factor 1: COncérning:this_ :factor,' dips of beds and ‘magnetic ainOm_alous vafues have same
behavior. Value of gravity gradient is also related to them. This fac;or- is regar(ied as the -
factor representing large scale gbological structure, especially structural cliréctions,_ shown as
strikes of beddings; distribution of magnetic bodies and sudden change of lithofacies by

“faults.
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Table 1V.3-2

EIGEN VALUE

EFFECTIVE MUMBER

2.120 1.738

EIGEN VECTOR

1 2
1 -0.0813 0.1730
2 -0.2109 0.4213
3. -0.5028 0.3997
4 ~0.1848 -0.1879
5 ~0.178% 0.1942
& -0.2526 0.4793
7 0.470% 0.2869
] 0.3862 0.3714
g 0.4422 0.3315
Table
1 -G,
2 -0.
3 =0
4 0
S ~0.
& -0.
7 0.
8 0.
9 0.

Table 1V.3-4

1.5%4

00,0903

1.108

-0.8552

~0.2089

-0.0017

-0.,6093

~0.46029 -
0.3789
~0.2220
0.01328

~0.1429

~0.
-0.
.0985
L1211
L0818
-0.

-0

V.3-3

2606
3972
B&671

0248

1987
7036
2983
1344
2392

.3751
-0.

7482

°34
6313
7833

1834

0.3855
~0.0540

-0.0176

-0.1812
0.1270

-0.0831
03,1814

0.1866

0.698

~0.0646
~0.5622

[¢]
[+
4]
0.3530
[}
Q
0

. 2080
CATRA
0284

L2521
NYTL
S4101

-0.3213
-0, 3849

0.1679
0.4164
0.0925
0.2537
0.013%
0.6105%
6.3182

ocCocCo

Eigen value + Eigen vector {Regional ihodel)

1998
3172
L0503
L3852

~0.6100
-0.0026

0.5049

-0.1849
-0.2160

Factor loading (Regioua] 1110'de])

1

1
CoO0OoCoCOoOQO

.3284
L0484
.0988
.5282
L2232
L3374
L5170
.5187
L4953

Yy
L2220
L7772
2351
L1537
.7800
L7199
J5009
L6125

-0

-0.

0.
-0
-0.
L3904
-0.
-0.
-0.
no_
-0.

_7379
-0.
~9.
L0759
.08561
_.O_
-0.
L0738

3360
0059

24691
1281

3164

6017
2270
3021

1598
4833
6173
7790
5664

-0,
-Q.
=0,
=0.
6176
L2394
~0.
-0.
_.0_

-0

1006
3516
1313
L577

4490
2064
3308

L6BLD
L1137
L2293
.5578
L5770
.3645
.2297
.3288
.5032

~0.
’ -438BS
.0825
218
L0462
L1069
L1406
0974
0?45

-0,
5714
0931
-2875
0687
Jredh
L1824
1659
3309

[Nl el e Nol

0728

Factor loading (Varimax rotation)

%l

0849

-0
.0833
L0463
-0. g
L3260
L0109
L5668
.1555
L5495

-0

-0

394

2482

4189

0.

265

1223
-1186
L7130
767
L2149
L5981
L0150
0770
L1660

2y Factor 2: Concemmg this. factor anom'llous value of grawly and conductance value are

tevealing high factor foading. Also, the’ 10 meter depth temperature and the concentration of

CO, gas have almost same behavior (negative loading to the factor) and the concentration of

radon gas has rather smnim tcndcncy -As this factor is to control tempenture at the depth of

10 meters it is thoughl that this factor composes factor of temperature, but viewing from Lhe

'hctﬁmtaﬂhn1mﬂumw&;merm@yuam(nlmecmwmnmnonofC02gmemdrmbngﬁ

this ﬂuﬁor-m;thought;to by;the iacto;-dnecﬂy reflecting existence of geolhennalf]uut

Altﬁ'ou”'gh'lo'w axiqxlialoil's values of gravity and high values of conductance are thought to

" have been brOUght‘abOIQ by brecciation and aiteration of rocks, it is inferred that they also

‘have been controled by this factor 2.
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0.5557(C~F) o 0.5557 (C—F)

C Anomalous value F Total conduc-
of gravily o tance value
A Fault
0.3608 (B--D)
B Dip of beds
] : .

H Concentration
of:Radon gas

E Magﬁetic anona-
tous value
0.4141 (E=D)

I 10m deﬁth G Concentrition
tempera- of CO, gas
04721 (E-D) . 5113\:;4 - 0.5314 (I-G)
D Gravity 5314 (1-G)
- gradient

0.3608 (B—D)

F'ig-. Iv.341 Factor veetor (Regional model) '
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(3) Factor 3: Conccrning this- factor, distance from the [aults, density of radon gas,
concentration of €O, gas and temperature ai the depth of 10 meters have high factor
loading. As this factor 1ffcct$ the distance from the faults clearly, it is thought that his factor -
is the one due to the fr lunues That 1t the ground temperature and the gas concentml;on are
cstimaled to be controled by the existence of fractures in the layers.

Factor scores -are given to the three hctors extracted as above, and are chsplaycd on the

distribution map. .

The Factor score map for regional model of the factor 1 (PL. IV.3-1) reveals the direction of
large scaled geological structure. The _cdntour lines in the direction of (north and south) are
predominant, but partly the contour lines in the direction of NW-SE or NE-SW are recognizéd.
This pattern is in good harmony with the directions of the geologibal structure in this sur\'rcye_d
area, which were evidenced from the results of the geological survey. Hi'gh factor scores are
" shown around the Doi Tham mountain which is composed of limestone and is complexly folded

and {aulted, as well as along the middle-stream area of the Huai Ang River, where the faults of
NW-SE trend are concentrated. _

The Factor score map for regional model :(Jf the factor 2 (PL. 1V.3-2) is thought to reveal
the temperature or the existence of geothermal fluid, The dirqction of the contour lines is mostiy
north and south. The highest factor scores are revealed in the area where the present geo'tl'lernml
indications are distributed. In the area from Ban Pong Nok to Ban Huai Dua through Wat Pong
Hom, which is surrounding this geothermal area, the next highest factor scores are shown. It is
Jlotabie that, in the southeastern end of the analysed area {rom Wat Hua Fai to ‘Wat Nong Hoi,
are distributed the factor scores of aimost same degree as those found in the arca where the
present geothermal ihdi(':ations are distributed. However, because the lacation of such points are
in the peripheral zone of the analysed area, its extension and shape of .distribution are not
certain, _ s

The Factor score map for regional model of the ‘factor 3 (PL. 1V.3-3) is revealing the degree
of fractuation of the geological fayeré. It is thought that the more intensely fractured the layers
are, the smaller the faclor scores are. The remarkably fractured zones are found in the area where
the geothermal indications are distributed and in the area around Ban Mai in the south:
easternmosi part of the andlysed area. The contour lines in and around the area where the plesent
geothermal indications aré distributed are in NW-SE direction, which is same as that of the fault
branched from the Huai Pong fault. Although the factor scores are small around Ban Mai, the

“degree of fractvation of gcologlcai layers has yet been confirmed neither by the sur ﬁce gcologlmi
survey nor by the drilling. .

As above—statuf it has been estimated, by the distribution of the factor scores of the factors
mdlcalmg the tempcmtune and the fractures, ‘that the area where the present ‘geothermal
indications are (E]btl’lbllted and the other area in the southeastern periphery of the analysed area
(the c_il’d’l from Wat Nong Hoi to Ban Mai) would be favorably bearing the condition of the high
temperature and the well-developed fracturation.

IvV-3-2 Results of Analysis of the Local Model
[ Cb.l‘l'el;':llﬁ-()l.l mn.'t_rix

The (;orrelatimi ma'tr__ix of the varjates concerning the 11 items obtained in various surveys is
~.shown in Table 1V.3-5. The following characteristics are pointed out.
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. 1.0000 -
-0.0662
~0.3206
-0.0362 -
~0.1145

0.3779 -

0067 -

0.3301

-0.1507

~0.1343

~0.0931

- OO0 NN W Ry =
(=]

-

DO o

0662
. 0000
L3889
0421
L1514
L0952
.Q258
L1603
G963
1036
L2012

Tabie IV 3-5

o.

-0

-0,
-0,
-0,
-0,

3 &
23206 0 -0.05%42
.3889  -~0.0421
-0000 0.5387
.5387 1.000¢C
8140 G.577%
L3902 -0.1098
Q824 G.2494
2585 -0.3277
2026 -~0.2645
2605 -0.3727
1772 -0.3754

Correlation

-0,

0.

-0.
-0.
-0,
-0.
-0.

1145

1316
L8140

S77s

.0000

3482
323
L4218
1984
27is

-1726

SOo O -

mafrix (Local

L3779
-0.
-G,
L1098
-0
Q000
L5056
S5B4G-
-3153
L2963
-X806

0952
3902

3482

|

i
OO~

LOGs7
G258
L0824
2694
L1323
L5056
L0000
L3740
L1209
L0500
LAQAS

model)

=R =N ]

.3301
.1003
-0,
-0,
=0,
L5840
L3760
L0000
292
L26Fh
.03a9

2585
3277
“21b

-0.

-0.
-0

1
QO —-o000

1547

09463

2026
26635

L1984
L3153
1209
2921
.0600
L9382
-0591

~0.

-0,
-0.
-0.

L=~ N e

10

1543

038

2505
3777
2715

2963
L0509
L2694
.9382
L0000
Jha2e

-G,
~-G.
-0.
-0.
-0
-0,

o.

0931

.20z

V7ee
EXS-1)
1726

L3806
LAQLS

0309

-050

1424

Relililed

(1} The correlation coefficients ﬁillong the items are generally higher compared to those of the
regional model. This is thought to 1epleeent that these measured vaiues are controllcd by

comparatively small number of factors.
2) Lspeunlly, it is natural that the 10 m depth temperature and the I'm depth temperature have
high correlation (correlation coefficient 0.9382). Also, Lonelatlon is recognized between the
anomalous value of gravity and the nngnetlc anomalous value, between the total conductmce
value and the concentration of CQ, gas, and between the total conductance value and the

concentration of radon gas.

2.  Factor énalysis

The eigenvalues the eigenvectors, the factor loading

Table 1V.3-5, 6, 7, 8 and in the Fig. 1V.3-2
As the results, the following three principal factors have been extracted.

EIGEN VALUE

EFFECTIVE NUMBER

3.421

EIGEN VECTOR
1

0.1480
-0.0583
~0.4094
-0.3447
LA227.
-3587
-t188
L3849
.3291
L3513
-0495

Eali=20= - BN I S R UVEP AR
i
SO0

- =

2.

Table IV.3

&

157 1.803
F 3
J2R02 . -0.3847
143 0.3607
L1175 0.3766
L3586 0.1162
L0969 0.2500
LA14t 6.0203
.S039  0.1839
L2155 0.041]
L0927  0.5115
1626 0.4687
L5287 -D.0474

and the vector map are shown in the

6 Eigen value - Eigen vector (Local model)

=0,
=0,

-0

. 0.
~0.
-9,

.

-0

0.
0.
-0,

-it7s

4

3949
6596
.2086
1328
0618
OLB3
077
4038
1991

1775
2582

L1939
L2990
0240
Y18
0870
-1045
L3234
L1266
0975
0722
L7094

-0.
-0,

o

-0.

0.
-0.
-0.

0

-0.
-0.
=0,

_AS1

7.

1462
4838
.3309
3572
316
1164
1321
L6126
0233
0582
0132

C.
0.
O.
G.
¢.
0.
Q.
0,
0.

0

a.

Table IV.3-7 Factor loading (Local model)

RN

=R RN R R

~0
~0.
-0.

|
(=R =]

1

L2477
L3211
L9804

5871
8as0

4253
0159
L3612
L2979
3606
.1825

-G
-0,

-0.
-0.
-0.

-0,
-0.
-0.

2

L2LER

2442
1073

R EATA

0405
2095
1359

-223¢

9205
2022
0278

F
a

-0.7850
0.
0.

-0.

~0.
0.
0.
G.

-0.

-0.

-0.

3082
§334
1012
4206
1380
LS
4254
0604
Q434
0740
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-G.
0.
0

-0,

-0,

=0,

-0,

-0

-0.
0.
.

L3746
1597

0187
315t -

0994
T423
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Table 1V.3-8 Factor loading (Varimax rotation)
! A T
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(1) Factor I: The factox loadmg of. tlus tactor is *0 6154 of the distance from faults: and
~0.4536 of the nngnenc anomatous values 'lhe meaning of tlns factor is unceltam '

2) Factor 2 Concunmg thiis fact01 _ax1s the 10 m depth tempemtme and the 1 m depth
temiperature have very smu]'u behavior. Same- tcndency is e‘dnblted by the mdvnenc '
dnomalous values the anomalous value of-gravity and the gnw[y grddient 'xlthough they are
in reverse correlation to the above two items. Fm!hmmone the concentration of CO; gas, the
concentlatlon ofxadon gas and the total conductance values are revealing same tendency The
'factcn loading of this factor is -0, 8815 of the 10 m depth temperature and —0.9158 of the 1
m depth temperature. It is thought that this factor 2 is mdrcatmg temperature.

(3) Factor 3: ThIS factor is related to the factor common to the 10m depth temperature, the 1
m depth tempelature the concentration of radon gas, the gravity grad1ent the anomalous
value of gmv;ty and the magnetic anomalous value and is thought to be the factor to

. represent influence of fissures, .

However, the factor 2 and the factor 3 arc not representing simple” and independent

tem'perqtufe of fissure only. but it' is possible that the factors are to compose such complicated

factors as the influence of geothermal fluid which is confrolled by fissures.

FFactor scores were caIculated concerning the above three f'lctors at each of the observanon

pointg, and the distubutlon map of the scor es.was drawn up.

It is thought thaf the Factor score map for local model (Factor 1) (PL. 1V.3-4) is expressing
the degree of the influence by the distance from faults. The contour lines are mostly in the
direction of NW-SE, which is in harmony with the trend of the faults located in the vicinity.

The maps of the. Factor score map for local model of the factor 2 and of the fa(,t(n 3 (PL.-
iv. 3- 4, Syare t—1ken to reveal quite same pattem The 1bsoiute V'IIUBS of the factor scores are high
at 1[1(1 around the shallow boring hole S5-12 or -8-13, where the contour lines are seen to form
closed circles. This form is very similar to the patterns expressed by the 10m depth tempemttue
and by the | m (Iepth tempclature From the above fact,.it is ‘thought that the factor 2 and factor
3 are reflecting tempemtu:e and fissures or existence of the geothermdl fluid which is the

' multiphcatwe effect of the f01 mer two elements.

-4 Consideraiion _
As there are small number of deep wells and as no measured data are available as to the
permeability coefficient, it is impossible to express quantitative distribution of temperature and
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perinésibility cocfficient. However, -it is thought that the distribution of the factor scores
_c0n(,ex ning such factors as fo mdlcdtc tbm])(.‘ldlurb and fissures would represent the degiec of
rehhve level of tempemtme 'md of rchtwe level of permeability, -
Accordmg[y, vwwmg flom the dlstrlbuhon of the chtm scores, two meas Lould be extracted
in’ this suweyed area, hvomblc for. the exlstencc of gcothelmal fluid, whe1c the tcmperature is
“high and’ the permeab;hty IS also ]ugh The one is the zur,a from Ban Pong Nok to Ban Huiai Dua
“thr ough W.at Pong Hom wlnch is located around the area where the present geothermal
'-1nd1u1t10ns are dlsmbuted “The- otller is the area'in thc southe'mtel I peupheml zone lrom Wat -
Nong Hoi to Ban Mai tlnough B'm ‘Hua Fai. In the latter case, no geothermal indication has been'
' recagnized on the surfﬁce an(l no fracture zone has been confirmed by the present geologlcal
survey, Thclofow il is not certain as to whether the ex1stence of geothermal fluid is I)OSSIblC in
the area. It is estlmdted that geothermal reservoir would be seated in fairly deep portmn even if
the reservoir would exist. '
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L' EVALUATION OF THE PRQJECT

.V-"i_ N Structurat Modet of the Geothermal Resewolr

' Com,ernmg the San Kampaeng geothernnl project Lonsrderatrons are grven on the geologtcal
structme tlre geother mal’ stluettue and’ the hydroglaphlcal strueture on the basrs of the prevrous
survey data and the mfor mations obtamed through the present surveys A model of geothemml
1eservon is br ought for wfu cl by syntheszzmg the 1bove LOllSl(iLI“l“Ol!S ' B '

V-1-1. Geolegical Structure - _
The surveyed dre'r is geologlcally underlam by the Carbomfexous Mae Tha Formatron the.
Per miail Klu Lom Formahon ‘the. Trrassm granrtes and the aliuvr'rl cleposrts The qubonrferous
- and 'the Perrmdrr systems are composed of sedrmentary 1oeks such as S'mdstone slmle ehert
lrmestone 'md b'rsdltle lOCkS _ ' . : _
_ The subju,t area is dtvrded mto thlee structual umts by the HUdl Pong f'ullt 'md the Huar Mae
Koen fault rlhey are the Do: Luang uphttod zole, the Ban Pong Hom subsrded zone 'md the Mae'
“Tha uphf ted zone Ibcated m thrs order from the west to the east " _
The Dor Luang uphl‘ted zone is topoglaphrcally corlespondmg fo the westem mou tamous
ldlld andis composect of the Mae Tha Formatron ‘which compl ises mamly the massrve srhceous
andstone with quartz vems Well developed Faults of the trends of NW-SE, E-W. 'md N—S are well'
developed 1n this zone, and foldmgs w1th the a‘(es in th\, duectrons of \lW SE are also re(,ogmzed
- The Ban Pong Hom subsrded zoue rs correspondmg o the central lowland and is composed of"
the Permran Kru Lom Formatron wluch is drvrded mto three pdl ts hthologrmlly the upper part
the mrddle part and the lower part The lower p'ut of the Kru Lom Form*rtron is eomposed of
such marrne sedrments as hmestoue chert sandstorre shale and srltstone The mrddle part ot the
: !ormatron is composed mamly of basaltlc rocks and hmestone wrth sonte mserted layers of Sh'lle
in parts l*aults ot the trend of NNE—SSW NNW SSE and NW SE are predonmrantly developed
These faults are especially” well developed in the Westem pdrt of thrs subsrded zone and folds ¢ are
' also recogmzed there ‘In some parts of thrs subsrded zone folding structures of the same trend as
that of the f‘lU]tS are reeogmzed but they are not 50 remmkable as those found ii the. uphfted
zones and lhe geologlcal stlucture in thrs zone is, as a Whole homoclme drppfrng toward the '
‘ e‘rst ' ; ) ' S
“The Mae Tha uphfted Z0ne is eorrespondmg topographreally to'the eqstem mountamous land
and is composed of sandstone of.the Mac Tha Fornmtron shale’ of the lower part ol the K1u Lomf '
Formatron and the Trnssrc gz amtes Faults of the. trend of NNW SSE are prevarhngly drstrrbuted _
Other faults of the trends of NE—SW ‘and E W ‘which are observed to ‘have been cut by the faults
of the above trend are recognized. The toldmg struetures of the ‘trends of ‘N-§ or NW- SE. are-.
developed ' '

The areq where the geotherm'rl mdrcatlons are drstrrbuted 1s structurally located along the
western margrnal area of the Ban-Pong Hom subsrded zone, Thrs area is the remarkable part of
the surveyed area where taults and . foldmg structires are concentra ted. Thrs geothermally aetive
area is posrtloued on the east wing of the anticline, qbout 200 meters apart from the. axrs of |
anticling, which is extending 110rthwestward from’ Ban Pong Nok The fault bmnched from the
"Huai Pong fdult by which'the Doi Luang uphfted zone and the Bin Pong Hom subsided zone are
bounde(l is’ recogmzed to run along the southern margin of thie ‘area where the geothelmal
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indications are distributed. As is above-mentioned, the geological layers have been fractured in
this area by structural deformation, and the area is estimaled to have favorable structure for the
movement and accumulation of the geothermal fluid, '

Also, as the western periphery of the Ban Pong Hom subsnded zone is composed of the lower
part of the Kiu Lom Formation, which has certain fr‘lgihty, it can be said lithologically that this
area is such area where fractu'res are easily developed. That is, the lower part of the Kiu Lom
Formation is composed of the alternation of limestone and shale, the sandstone bed, the
alternation of siltstone, sandstone and cher't, the chert bed, the alternation of chert, siltstone and
sandstone and the sandstonc bed. Various rocks are accumulated in. frequent r_ﬁternation of
comparatively thin layers there. It is known that such succession as the lithological difference is
so remarkable in vertival duectlon is casily fractured during the perlod of structural movement
In another words, brittle rocks like chert and sandstone are easily broken to pieces, while ductile
rocks like siltstone and shale are apt to be destroyed with cleavages and slides by shearing stress.
This is evidenced by the resuli of the obser"fation of the drill _'core of t_h'e holes of GTE-1 to
GTE-5. For example, a shearing fracture zones, are'devcloped in the hole of GTE-4, and the most
predominantly sheared part is in the alternation of sandstone and shale. By the geological survey,
it has been recognized that the laveis of the lower part of the Kiu Lom Formzltion, especiaily
chert and sandstone are fractured remarkebly'and broken into pieces. On the contrary, the
sandstone in the Mae Tha Formation, composing the _Do'i Luang uplilted zone and the Mae Tha
uplifted zone, is homogeneous and massive. This sandstone isnot fractured as a whole and there
is no single layer to be so remarkably fract_m'cd_, although structural joints are developed in some
parts. In additiorl, these joints have been filled with quartz veing in the proceés of diagencsis, and
it is thought that the perm'eability. is small in the area where the Mae Tha Formation is
distributed. The basalts, which are the principal components of the middle to upper part of the
Kiu Lom Formation, are composed of tuff, lapilli tuff, tuff breccia and lava. In spite of the
differences of the rock species of lava and phyroclastic rocks, it can not be said so far observed al
the outcrops that structural fissures are well developed. The fact that structural fissures are
hardly developed in the basaltic layers of the middle to upper part of the Kiu Lom Formatlon is
estimated to be elucidate by the points that the basaltic rocks are composed nu_nemloglcally of
such minerals as to have almost uniform asseniblage, and that'they have rather homogeneous
physical properties. Also, as the basaltic rocks contain lots of ferromagnesian minerals, and are
casily weathered and altered, it is thought that the existing [issilities would be filled with
weathered products and alteration mi_nera.ls. _

.As above-stated, it is possible to conclude that the Ban Pong Hom area where the ge:othermal
indications are distributed is located in the arca with fractures well-developed, compared to the

surrounding area, lithologically and structurally.

V-i-2 _Geothermal Structure

1. Geothermal mdlcatlons
The gcothcimal mdlcatzons on the surface in the San Kimpdeng geothermal area are

recognued to be concentrated in the midway between. Wat Pong Hom and Ban Pong Nok, on the
right bank of the mrddle stream of the Huai Ang River (PL I1.1.1-5), Further in detail, the
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geothermal indications arc distributed in two areas; the one is the area from the geotherma
exploration well GTE-2 to Wat Pong Hom, and the other is the arca at about 400 meters
southeast of Ban Pong Nok. The distance between the two zlréus is about 500 meters, Although
litile indication has been recognized, in this zone between the two areas, it is anticipated that the
indications in both arcas would have been brought about from the same geothermal reservoir.
Another geothermally indicated area in the southeast of Ban Pong Nok is swampy, ﬁn(_l details
such as its extension and distribution of hot springs are not certain. No investigations like ground
temperature survey and exploration drilling have yet been carried ouf by Thailand side. In the
area from the geothermal exploration well GTE-2 to Wat Pong Hom, geothermal indications are
recognized in an approximate area of .5 km x 0.6 km along the branch stream on the ﬁght bank
of the Huai Ang River. The indications are found in the plain along a small stream, combosed of
alluvium deposits. Most of the gcothenmﬂ indications are hot springs and outcrops of altered
rocks as well as heated ground. Fumaroles are not recognized. This is lho_ught' to be due to the
chemical composition of the hot spring water, because such gas ingredicents of H, S and CO, are
contained very little in it. Thers are more than 70 hot springé, 5o far observed, and it is inferred
that the number of the hot springs would be more than 100, including those which have not been
recognized being covered by grasses. The .amounts of the spring water of most of the hot springs
are as small as 0.1 ~ 0.5 l/min, but the femperature is as high as 70 ~ 95°C, with the highest
value of 98°C, so far measured. Hot water is flowing in the stream near the hot springs, and it is
dangerous to step into the stream. The 'hot spring waler is colorless and odbrless, comprising
simple water spring. Most of the spring water is qushing out.from the sands and gravels of the
alluvium deposits and from the river bed sediments. In some boiling out or blowing out jet sound

is accompanied.

2. lIgneous activity :

It is thought that igncbus rocks and volcanic rocks would have an ilﬁpbrtant role as
~ consideration of the heat sources in any geothermal area. Consideration is given on the igneous
activity in this arca, for the comprehension of geothermal sources.

The igneous rocks and the volcanic rocks distributed in thisarea are the basaltic rocks of the
Permian Kiu Lom :Formalion, the Triassic granites and the Tertiary basalts found in the southern
part of the surveved area. ' ' .

The basaltic rocks in the Kiu Lom Formation arc composed of various lithofacies as lava,
tuff, lapilli tuff and tuff breccia, which were formed by the extrusion of magma. By the age
determination by K-Ar method, the result shows various values between 119 #14 m.y. and 389
+19 m.y., but It is thought from the fossils contained in the inserted limestone layers that the
period of the formation of the basaltic rocks is middle Permian. Because the volcanic activities of
the basaltic rocks would have been too old as above-stated, therc is no possibility that these
basall_ic rocks of the Kiu Lom Formation could be acting as heat sources lor the San Kampaeng
geothermal system. / '

The Triassic granites are recognized outcropping in the mountaneous land in the northeastern
part of the surveyed area. The age of the granite determined by K-Ar method is 212 +10 m.y.,
which is thought to indicate the period when melted magma was cooled and consolidated. As the
period of the formation of the granites is pretty old, it is thought to be difficult that the remain
of the heat, which these granites used to reserve when consolidated, would compose the heat
source for the present geothermal reservoir, even if the granile is of huge mass.
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There are many hot springs in the northcru part of the Kingdom of Thailand. It has been
suggestcd that the distribution of the hot ‘springs is infimately related to the dlstubutlon of
pranjtes, geogmplucally In this suggestlon it is peinted ouf that the granite can be exotherniic
body by the heat emanation of contained radioactive clements or that the granites have some
impoi'tanf roles as to control strucfuraﬂy the passage of geothermal fluid from the depth to the
surface. .

“In the Ccntlal North Tectonic Province in the northern pa't of the ngdom of Thailand,
effusion of the lmge vohnm of tertiary basaltic rocks is known. As there i is no volcanic activity in
the Quaternary périod recognized in the northern ‘pzu"t of the Kingdom of Thailand, this offusion
of b’ls‘tltu, rocks is the youngest voleanictactivily. in that area. However, the exposures of the
b'lS'lHlL rocks ever confirmed are distributed in the area about 60 km south of the San Kmnp‘leng
geothermal arca; and no Tertiary basaltic rocks have been recogmzed in the surveyed area in the
present survey. Accordingly, there is no positive cvidence that the basaltic activity which might
have occurred in this dle'l would have 'supplied any heat sources. It is generally thought that
basaltic magma bearing high viscosity and iugh flmd:ty is not: hkcly to form such magmatic
lesewou as to accuinulate large scated high level eriergy. On the contrary, acidic magma such as
dacitic magma or rhyolitic magma has low viscosity an’d. is thought Ito be likely to form such
magmatic reservoir for lai‘ge scaled high level encrgy fo be accumulated. Therefore, even if there
should be an intrusive body (sli'eet' dyke) of basaltic rocks at the depth in this surveyed area, it
can not be expected that such intrusive body coul(l offer any heat source becatse it would be
aged too old and would be scaled too small.

As above-mentioned, by the results of the consideration on the igneous activity on the basis
of the igneous rocks distributed on the surface in this surveyed area, it is co_n'ciuc[ed that there is
very small possibility for some remaining heat, which any meclted magma used to have when
consolidated, to work as the heat source for the present geothermal reservoir.

3. Hefit source _

Thmc are many hot springs of high temperature nodrly 100°C in the San Kdmpdeng
geothermal area. It is expected that some heat source would exist to produce geothermal fuid of
high temperature. However, all what can be mentioned at present about the heflt source in this
area is only by estimation, -because no concrete geothemml mformation at the dep[h have been
avaslable, Conuete information and evidence have not been obtained in the present surveys, but
by the reason described hereunder, the heat source in this San Kampdend geothermal area is
estimated to be regional high heat flow and emanated heat from radioactive elements contained
in the latent granite.

(l) Mosl of (he hot splmgs in the northern p'xrt of the ngdom of Thailand are dlstubutcd in
inner part of ot along the periphery of granite body. The intimate gcograpkucal relation like
the above is thought to suggest that the granitic bodies have some influence on the gencm of
these hot splmgs The San l(dmpaeng geothermal area is located 'llong the periphery of the
large g:amtm bathohth exposmg in the Mae “Tha- mountameous land, regionally, and it is
possible that the hot sprmgs in thls area are reIated to the granite geneilcally
-Howo\r(:l_, veiwing from the’ dlStdIlLe of about 6 km" betweu_l the exposurc of the granite and
the area wllefe the géothérmal indications are distributed, and trom the geological str_uct_ure
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of fault blockage and inclination of beddings, it is difficult to take that the geothermal thuid
formed at the depth in the granite would have been conveyed faterally in a distance of more
than several kilomeiers to spring out in the area where the geothermat indicaﬂons are
disfributed. Therefoi‘c, exiﬁtencc of latent granite bd(ly is estimated here as the d_iréct heat
. source, structurally at the _dé_'p’th of the Doi Luang uplifted zo_ne', in the 'vi(;i'nity of the area
“where the 5ebtherﬁnl indications are distributed. The Doi Luang 1ipliftui zone is, as is the
Mae Tha uplifted zone where the granite is L\poscd composed of the Carboniferous Mae Tha
' Foun'mon, and !ns almost same degree of ‘the upheaval siructure as the Mae Tha uplifted
zone. Accordingly, thu possibility of intrusion of Triassic gjramtc in the Doi Luang uplified
zone is conceivable Vi(':Wil=lg from the geological structure. This possibility is also agreed from
- the viewpoints of the high g'ravity ancemaly which has been found in _ihe west of the Doi
Luang fault as well as the assumed reflection horizons caught by the seismic survey.
Asafore—menfiohed, the age of the Triassic granite by K-Ar method is 212 10 m.y. and the
remaining heat at the consoli.datiou'of magma can not be expected to exist as:the heat sotirce.
There are two roles of the Ulhnite to work for heat source. 'The one is heat emanaiion by
mchoa(,hve clements f‘onhmed in the granite and the othu is structural control, that is, the
passage for the geothenml {luid, .
The Masozoic granites in the southern part of the Kingdom of Thailand cotain mmh of
adloactwc mglechenls such as kalivm (3 5 — 5.3%), uranium (5 - 57 ppm, average 16.2
ppm) and thonum (3 — 85 ppm, average 33.0 ppm), and are known to “have exothermic
apablhty $O much as three times compared to the gmn:tes distributed in the southwesten
inner zone of the islands of Japan. It is said that 1.2 HGU of heat flow is expecied from the
granite independcntly, if a granite bath’ol'ith is dSsnmecl to exist continuously to the depth of
10 km. Cons]dermg such high exothermic capability of granite, the Triassic gramt(, is thought
_to_compose parts of the heat source in this’ smveye(l area.
Detalls of the structure control by the granite on the geothermal fluid are not cer tam in nmny
pomts

(2) Vlewmg the Chemlcdl composmon of the hot spring water in the San Kampdeng geothermal
arca, the pH is 8 ~ 9, which shows it is weakly '11k'11me it has lltt!e amount of seluble
. ingredients as seen of the density of Cl - to be about 25 mg/fi and that of SJO2 to be about
150 mgfL It is pomtcd oui that t]us chemical composition is similar to thdt of the
hydrothermal solution obtamed by altjfludl cnculatlon of it in the glamte in lne process of
the hot dry rock geothermal study, held at the Los Aramos Labomtory in U.S.A. From this
similarity of the chemical composition, it is estimated that the hot spnng waler in the San
Kdm paeng geothbrmal reselvmr would have been formed through the circulation in the latent
granite, after the penetration of rainwater into the depth,

(3) In the northern part.of the Kingdom of Thailand i]{Cllldillg this geothermal area, active
structural movements are recognized and high degree of heat flow is revealed compared to the
'smloundmg areas. It is possible thal the heat which have been brought about in this pioc,ess
“would h'\% hqd cerfain role for the fomntion of the ;,eothenml fluid,

That is, by the subduction of the Indianplate into Java Trench, the floor of the Andaman Sea
has been expanded and the lension stress field has appeared in the area from Burma to the
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Fig. V.1-1 Regional geothermal system in the northern part of the Kingdom of Thailand

northern part of the Kingdom of Thailand. In this tension stress field, many faults were formed,
and intrusion and effusion of the basaltic rocks occurred. 1t is thought that the high heat flow has
been generated in this way in the northern part of the Kingdom of Thailand.

Also, in the Burmese side, the hypocentéfs of earthquake are distributed deeper toward the
east, and the area has the character of island arc, geo-structurally, which is the same character of
the Indnesian islands, the Philippine island and Japanese islands have. Takashima and Kawada has
bought forward an idea, under the geological bircmnstaces as above-stated, that some igneous
activity might be at the depth of the northern part of the Kingdom of Thailand, and that the high
heat flow in this area would have been brought about by this igneous activity.

The Fig. V.1-2 cxpresses the distribution of the lineaments and the earthquake epicenters,
obtained from the analysis of LANDSAT imaginary. The lineaments found in and around the San
Kampaeng geothermal area are well coincident with the fault systems, which have been clarified
in the present geoiogical survey. Mentioning about the characteristics of the lineament
distribution, first class lineaments are recognized running in parallel in the form of the letter of S,
around Chiang Mai and along the Mae Tha fault in the eastern part of the surveyed area. Many of
the carthquake epicenters are distributed along these lineaments. The distribution of the hot
springs has same tendency. These lincaments are thought to represent actually active structural
lines {active Ifauit), which are accelerating upflow of geothermal fluid.

Summarizing the above-mentioned articles, it is estimated that the heat source in the San
Kampaeng geothermal area, wilh the regional high heat flow in the northern part of the Kingdom
of Thailand (average heat flow) for the background, have been formed by the emanated heat of
the radioactive elements contained in the granite (Special heat source). (Fig. V.i-1)

4. Measurement of ground temperature

Grownd 'tcmperalures. wes.'t‘. estimated by the geochemical thermometer. Examples of the
results are given in the foliowing table (Table V.1-1 ) _

As geochemicai 'thermomct'érs, stlica thermometer, Na-K thermometer and Na-K-Ca thermo-
meter were employed, _ .

Gene_rally,_ hydroth_'ermai solution is satwrated with silica by solution of quartz ih the
geothcnﬁal reservoir, while amorphous silica whose solubility is higher than quartz is formed first
when precipitated in the shallow part in the underground. .
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Table V.1-1 Chemical composition of hydrothermal solution and geochemical thermometer
in the San Kampaeng area

B ) Silica | Alkalitatio
: T _ Na K Ca Si0, |ihermo- | thermameter
Source °C) PH (megfD) | (mgfty | (mg/l) | (mg/l} | meter | Na-K Na-K-
L CO | O | O
1 98 8.2 151 13.5 2.42 148 159 176 192
2 100 8.9 155 4.5 -+ 070 150 160 180 207

{after Thai’s data)

Silica thermometer is a geochemical thermometer which has been developed experimentarily
on the basis of the above regularity.
In case ol the San Kanmipaeng areq, the cooling of the hydrothermal solution in the process of
upflow is thouglit to be adiabatic, the temperature was calculated by the following formula.
1,015.1

t(°C) = — 273.15
¢o 4,655 - log Si0,

unit of SiQ,: ppm

The underground temperalures obiained by this formula are 159°C and 160°C. The
hydrothermal solution in the San Kampaeng geothermal area is thouglht to have been diluted by
admixture with surface water, Therciore, it is estimated that the calculated value is rather low
compared (o the actual temperature of the geothermal reservoir.

Generally, it is thought that the cheinical cquilibrivm is realized with such etements as Na, K
and Ca between the hydrothermal solution and the minerals as plagioclase and alkaline feldspar in
geothermal reservoir. The alkaline ratio thermometer is a geochemicat thermometer developed by
the above principle.

For the calculation by the Na-K-Ca thermometcr, the following formula is employed.

. 1,647
t(°C) = 27315

" log (Na/K) + B log (/CafNa) + 2.24

unit of Na, K angl Ca: moles/!

The underground temperaturcs obtained by this calculation are 192°C and 207°C (Table
V.1-1). As the alkali-ratio thermometer employs density ratio of Na, K and Ca, it has tendency to
indicate actual temperature of the geothermal reservoir, even if dilution of hydrothermal solution
by underground water or-separtion of . gas from liquid occurred there. Accordingly, it is thought
that the estimated temperature obtained by the Na-K-Ca thermomeler is representing the
temperature of the hydrothermal solution in the deeper part of that before the admixture of
undergiround water, compared {o the temperature by the SiliC{l- thermometer.

For the calculation by the Na-K thermometer, the following formula is employed:

- -855.6

tCy = — 273.1
€ log (Na/K)+ 0.8573 )

unit of Na and K; ppm
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The underground temperatures of the source 1 and 2 estimated by the Na-K chemical thermo-
meter method show 176°C and 180°C, which are in the midst of the upper vatues obtained from
Na-K-Ca method and the lower from Si0, method.

The fairly wide range of distribution of these estimated temperatures is thought to be due {o
the fact that the hydrothermal solution is diluted and cooled by the admixture ol underground
water and that it reacted with minerals contained in the rocks along the passages of the solution
in the process of upflow from the geothermal reservoir to the surface.

By the Thail:m(l'side, concentrations, in the hot spring gas, of H,0, CO, ,H,8, H,, Ar, Q,,
N, and CH,4 were analysed, and the underground femperature was caleulaled on the base of the
equilibrium of CH, — CO,. The highest value of the temperature thus estimated is 247°C. The
difference between this value and the fesult of the geochemical thermometer is more than 40°C,
but the reason is unceriain. Examining the estimated values of temperature tried by CH, — CO,
isotopic thermometer in various geothermal areas in the world, the estimated values are hisher by
more than 50°C than the measured values in many cases. Accordingly, it can be said to be natural
that the value of the temperature of 247°C is higher than the actual temperature of the
geothermal reservoir. '

From the result of the estimation of temperature by the geochemical thermometer, it is
inferred that the temperature of the geothermal reservoir in the San Kampaeng area is in the
approximale range of 160° ~ 210°C, but predominant domain of temperature is uncertain.

5. Distribu_tibn of ground temperature

By the geothermal survey carried out by Thailand side, the disiribution maps of the 1 m
depth temperature and the 10 m depth temperature had been prepared. In addition to them, the
10 m depth temperature distribution map covering alinost half of the surveyed arca were made
by the temperatﬁre measurement using the short holes for the present seismic survey (PL.
[1.2.2-15)., By the results of these surveys, the high anomaly in the 1 m depth temperature
distribution map and that in the 10 m depth temperture distribution map are quite well
coincident with the area of distribution ol the hot springs and the heated ground. This Tact
suggests that the high anomaly of the ground temperature distribution has been caused by the
conveyance of the geothermal fluid. ' '

* “The iso-value contour of the temperature of 40°C in the 10 m depth lemperature distribution
map forms an oval with major axis in lhe NW-SE direction. It has an approximate area of 400 m
x 600 m. The: lligliest value of the tcmp'erature is ‘about 130°C, which was recorded in t_hc
geothermal exploration well of S-13, around which iso-value contours of the temperature are
distributed in cocentric form. The high anomaly of the ground temperature distribution is
separated from the other area by the steep gradient zone extending Iin the NW-SE direction from
Wat Pong'l'ldm. Also, the high anomaly of the ground temperature is situzted in the low land
where the alluvium deposits are distributed, geologically. Viewing from the cocentric distribution
of iso-value contour lines of te_mpcra'ture around the well of S-13, it is estimated that the
geothermal fhiid moving up through certain narrow path has diffused outward in the subsurface
alluvial deposits or in the weathered zone of the Paleozoic formations.

Other than the area where the geothermal indications are distributed, there is an anomalous -
zone with the 10 m depth tcmpci'ature of more than 30°C from the geothermal exploration well
GTE-] to the survey line E of the seismic survey, in the southern part of the surveyed area. The
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anomalous zone is corresponding to the extension of the distribution of the basaliic tuff
belonging to the upper part of the Kiu Lom Formation, but no fault has been confirmed in the
vicinity. '

6. Alteration zZone

Around the area where the present geothermal indications are distributed, alteration is
recognized. Outward from the center, the alteration reveals zonal distribution in the order of
alunite zone — kaolinite zone — kaolinite-montmorillonite zone - montmorillonite zone —
halloysite zone. The minerals detected by the X-ray diffraction analysis include, zipar’r from
rock-forming minerals, such minerals as formed by diagenesis or metamorphism in old periods in
addition to the minerals formed by the geothermal alteration. The above division of the
distribution of the altcration zones are based on the assemblage of the clay minerals excluding
sericite and chlorite. Generally, assemblage of the mincrals formed by geothermal alteration
depends upon chemical composition and temperature of the hydrothermal solution. The Fig,
1I.1.1-3 shows rough tencléncy of the stable area of temperature for the alteration minerals to be
formed at. By this tendecny, it is thoug'ht that the zonal distribution of the alteration in the
surveyed area would have been formed by the flow of the hydrothermal solution from the alunite
zone (high temperature) to the halloysite zone (low temperature), .

The temperature of the hydrothermal solution was possibly more than 200°C in the alunite
zone in the center of the zonal distribution, but in most of the area it would have been less than
200°C, and in the halloysite zone, the outermost alteration zone, the temperature is thought to

have been less than 100°C.

7. Outline of geothermal structure

Summarizing the above consideration, the geothermal structure in the San Kampaeng
geothermal area is estimated hereunder, '

It is thought that the heat source is the granitic body distributed in the deep part of the Dei
Luang uplifted zone. Rainwater penetrates down to this levet and circulates in the granitic body.
It is heated conductively and the geothermal solution is formed here. The temperature at this
point is thought to be more than 180° ~ 210°C.

The geothermal fluid thus formed is flowing up along the Huai Pong fault and its branch
fault. By the conductive cooling and by the admixture with underground water in the process of
the upflow, The temperature of the geothermal fluid is lowered and it is as low as 160°C partly.

The geothermal Muid flown up near to the surface has as low temperature as 140° ~ 100°C,
and gush out as hot springs in the area where the geothermal indications are distributed. The heat
discharge by the hot springs is approximately 7 Mwt (Table V.I-1).

By the result of tiie temperature micasurement of the wells GTE-2 and GTE-5, drilled around
the area where the present geothermal indications are distributed (PL. 111.2-2, 5), the temperature
gradieni is almost constant and is approximately 15°C/100 m. The temperature increases up
linearly and the heat conveyance by conduction is predominant. Accor(lingly,: the geothermal
system in the San Kampaeng geothermal area is compamtively narrow but high temperature
convective system controled by the faults, surrounded by the conductive geothermal system

bearing higher heat flow compared to the outer area.
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V-1-3 Hydrographical Structure

1. Chemical composition of hydrothermal solution
In the Table V.1-2, 3, the chemical composition of the hydrothermal solution in the San
Kampaeng geothermal area is shown.

Table V.1-2  Chemical composition of hydrothermal solution in the San Kampaeng’
seothermal area

\\\-\_ . T Alkcali-  Acid-
e pH THBS ity My § Ci i K 8 Si
{CaCO, ) (CaCOy)
1 Shooting at 85 8.5 1300 366 nd 20,56 50 85 194 25 93
3~ 7 minules
intervat, 100 9.0
cloudy .
2 Pool-clear 93 8.95 800 410 nd 15.25 2.4 18 164 24.5 109
3 Pool-clear 93 9.0 1500 252 nd 12,18 454 &4 165 11.5 86
4 Bubbling-clear 100 9.4 FIOO 324 nd 20.96 37.4 97 140 21 93
5 Mixed by 100 8.5 750 286 1l 7.97 41.0 S0 135 i1.5 74
streamn waler '
[ Pool-clear 99.5 8.5 700 428 nd 1127 78 85 182 22 87
7 Seeps in 99.5 845 00 370 nd 20.09 77 80 167 23 87
styeam
8 Pool-clear 80 8.0 450 392 nd 20,09 65 78 180 22 89
9 Mixed by 97 83 400 366 nd 619 34 78 £51 13.5 78
- stream water
10 Pool-cloudy 95 8.3 400 432 nd 19.54 62 85 i34 17 106
Table V.1-3  Chemical composition of waters of hot spring areas in the San Kampaeng
(in mg/fl, Tnk e ; Na-K-Ca temperaturc)
TCO pH  Li Na K Rb Cs Mg Ca 510, Cr 50, HCO, TNKC Tsio2
1 92 14 .32 142 12.2 A7 .22 9.83 0.19 123 25 21 292 213 149
2 98 8.2 .35 15 13.5 .21 .28 0.18 242 148 26 35 312 192 159
3 100 8.9 .36 155 14.5 .22 30 012 0.70 150 20 40 278 207 160
4 42 8.0 .28 140 13,0 - .16 .20 3.35 11.52 123 15 71 - 280 178 149

By the resulis of this chemical analysis, the pH of this hydrothermal solution is about 8 ~ 9,

to be weak alkaline, and its alkaline degree is about 300 ~ 430 (mgfl CaCO,). The analysed:
values have certain variation, as every water has different condition as to the circumstances of the
degree of admixture of underground water and river water. '
It is most characteristic as to chemical composition of the hydrothermal solution in this area
that the total amount of soluble solid is as small as less than 1,500 mg/l, and that the
concentrations of CI and Si0," are $o small as less than 80 mg/l and about 120 ~ 150 mg/i
respectively. These values are smaller than the values of the hydrothermal solution in any of the
geothermal areas ever developed. ’

The hydrothermal soihtions in the northern part of the Kingdom of Thailand are similar on
another compositionally. The principal cation is Na, while the main anions éfe HCO, and SO,. It
belongs to the chemical phase of Na-HCO,-8Q, type (Fig. V.1-3). It is suggested from such low
values of salt density in the.hydrothermal solutions that magma is not responsible for the
formation of these hydrothermal solution. ' '

The fact that the solutions contain such small amount of soluble solid is thought to be due to
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Fig. V.1-3 HYdrmhenﬂcal characteristics of thcrmal waters from Northern Thailand
and other parts of the world  (after Thai’s data)

the reason that the chemical reaction between meteoric water and rocks was not sufficient as the
circulation of the meteoric water in the heat source rock was very short in time, or because the
temperature of the heat source rock was not so high as to accelerate the chemical reaction
between the rocks and the ineteoric water. Generally, the more easily the iilgredients containéd
in rocks are dissolved, the higher the temperature is, although reverse is true in some cases.
]:',specmlly $i0; is qmte sens1[1ve to the temperature and equilibrium can be reached in short
time. Also, it is anticipated that the chemical reaction would be accelacrated between the rock
and the water when the heat source rock is fractured or is porous remarkably because broad area
is expected for the chemical reaction. Accordingly, it is thought about the gcothcrmalﬂuid in:the
San Kampaeng geothermal area that chemical exchange of the ingredicnts between the fluid and
the.'rocks would not have been sufficient in the poin_ts of-time, temperature and area for reaction.
~In any -case, there is very small possibility that the geothermal solution has been formed
directly dependmg upon the heat source of volmmc gas or high tempelature vapor originated
flom magma. -
The next charactcmtlcs of the chermcal composmon is that the hydrothermal solutlon is
_co'mparative_ly similar to that of the hydrothérmal solution obtained by artificial circulation of it
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in the gm_nite:, in "the process of hoi dry rock g'eothcrmal study, held at the Los Aramos
Laboratory in U.S.A. Tt is estimated from this similarity that the geothermal fluid in this arca
would have ‘been formed  through the circulation of underground. water originated from the
rainwater in the granite seated deep in the underground. ' :

The geothermal fluid thus formed is thought to have been diluted by admixture of the sulf‘lce
water in various (leg,mes in the process of the upflow to spring out onto the surface. The reason is

as fo]lows

(1) The underground temperature obtained by the SiO, thermometer is about 160°C and the
temperaiure obtained by the Na-K-Ca method is about 200°C. There ‘is difference of about
40°C between the two methods. It is thought that the underground temperalure by the
Nq-K—Ca method is indicating the temperatin'e in -the deep part while that by the §i0,
method is rcpresenting the tempemtmc in the shallow p'ut after the admixture of subsurface

water.

(2) The hydrothenmt solutlon in tlns atea is Lompalatlvcly rich in ‘magnesium. It has becn
ewdnnced by the mmpausou of the hot Splm"s that Mg content is apt to be in reverse '
correlation fo the temperature of the Spllll“ water. It is ﬂenelal that underground watér in'the
shallow part is rich in Mg. Therefore there | is high possnbxhiy Tor the hydlothelmal solution in
this arca to be admixed by shaltow Lindf:rgr()tmd water. '

(3) The CI concentraﬂon of Ithe hydrothermal soltuion varies according to the seasons, as is
displayed in the Fig. V.1-4. The C! concentration has a tendency to become high rapidly in
August and September, at the end of the rainy season. The fact that the CJ CO]lCCI]fi‘]tiOIl is
Towered is thought to be by the admixture of the mmwatel which is abundant in the rainy
se'ason, after the penetration m the underground. Tt is. also thouvht that hydlothumal
solution with high Cl concen’[mtlon flows up f10m the depth in the dry season, by the
pressure of the rainwater after the dbundant 131:1W'1tel goes down to the geothermal reservoir
after the rainy season in three or four months. There are many hot springs whose tcmpemtme

and outflow amount are influenced by rainfall and of river water.

Thermal water

210 -

Rainy  meason . i

20

Chileride (ppm)

Fig. V.1-4 Variation of chloride concentration with time
in the San Kampdeng area (after Thai’s data)
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2. ‘Alteration zone _ _ - -

As afore-mentioned, the mineral assemblage formed by geothermat alfemﬁon depends u.poh_
the chemical composition of rocks, but is also controled principally. by the temperature and
chemical composition of hydrothermal solution, Accordingly, it is-possible to estimate chcnuc'al
compositions of the hydrothermal solution to a certain degree by emmmmg, a]lcrahon mmem!s
and their agsemblages. : .

The zonal (l:qmbuilon from alunite zone to ha]]OYSITL zZone is ie(,ogmzed outward {rom the
u,utet CONCerning tlu, alteration in this arca. _ '

It is inferred that the temperature of the hydiothermal solution has variation {rom high to
low. from the center outward, and that the property of the solution is found to have variation
from acidic character mciuchng sulphuric acid to intermediate or weak alkaline clmrdctnr at the
same time. . . .

The present alteration survey was carried out around the arca where the geothermual
indications are distributed, and it has been clarified that the alteration zone is corresponding to
the plesent ~geothermal indication area. However, viewing it more in dctfnl there are several
different points in the distribution of the above two. The center of the 10m depth temperature
distribution- (the center of the area where the geothe1 mal indications.are dlstllbuted) is at the
well whose record of ltmpe]afllr(, is over 130 C while: the alunite zone, which is thought to be
the center, is located about 30 meters south of the geothermal explomnon well GTE-2, As there
is an appro‘nmatb distance of 200 metlers between the S-13 well and the GTE-2 well, the distance
from the center of the alteration zone to the center of the 10 m depth temperature distribution is
thought to be at least more than 200 meters. There is a little difference of the direction of Ithe
distribution' The extension of the alferation zones is in WNW- ESE diréction while the 10 m
depth tempemturc dist]‘lbllHOll has a shape with the major axis eMenchno xoughly in the \IW-SF
direction. L

it is thought from_.thc difference of the location of the above two factors that the center of
the hydrothermal acti_yities has been shifted toward north in the course of time. This shift could
be elucidflted pﬂucipally by tlle sealing of pre-existing spaces and fissiiities.(self sealing) throﬂgh
the alteration mainly of 'ug]llllzatmn _ _

It -is significant that the centet of the dltuatmn zone is at the south of thc GTE-2 well,
because this fact indicates that the supply of the gcothclm':l fluid from the depth would have
been from the south. By the above estimation, the upflow of the geothermal fluid has been
influenced by the fault of NW-SE trend which is a branched fault from the Huai Pong fault,
passing Ban Pong Nok. _

By ﬂle alteration survey by Takashima and Kawada, it is reported that the alteration zone is
' con_tinitbusly- dis't'ribt.ltcd for about 1 km in the south ol the area where the present hot springs
are 'f()u'hd The altudtlon minerals are quartz, sericite, kaolinite, chlorite, monimorillonite,
halloysne anhydnte gypsum alunile and-halotrichite, which are almost similar to those found in
the axea where the geotherlml mdlcatlons are distributed, Therefore, the distribution of the
altelation is thought to be a part othe hrger alteration zone in the direction of NNW- SSE, shown
Dy Takashima and Kawada, v1cwmg from the (llstnbutlon and ihe spec;es of the alteration
minerals. _ C :

Also, by the present '11tcrdt10n survey, a kaoluute alteration zone has been recognized around
'.ch Pong Hom in the north of the area where the geothel mal indications are distributed. It was
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not poésible to clarify whether this alteration zone is continuous to, or chrohologicnlly same as,
the alteration zone e‘(tcndmg {rom the geothermally mdlcattd area to the south, '

The alteration zone is distributed structurally in the aréa bb[\\’CCI] the Huai Pong (ault and tht, :
Ban Mae Khu Ha fault, and it is thoughi that this altemnou zone is structurally controled by
taults in NW- SE direction. "

3. Hydmﬂtaplucnl smvey
The hy(ltogmphmal survey in this drea had bu,n L'une(! out by the Th'ulan(! side, By the
results of the survey, the latent supply tu the underground water from rainwater is 408 x 103
g,dEIons/daylkm2 and there is ;uﬂlucnt qmiaw water which can be utilized for the geothermatl
dwelopmcnt . '
1t is important to estimate the supply from rainwater to the un(lu“lound watel 101 the
estimation of scale of the geothermal reservoir and possible amount of geothermal flmcl for use.’
This sort of hy(hogmphxcal survey was catried out in the Fan gcothumﬂl area, whu,h can be
refered to, bccause of its smnlanty of the LlILUI'ﬂStdnCCS to the San Kdmpden g,eothelmal area.
In the Fan guothumal area, it was micnud by the-results of the 1sot0p1c andlysw of the
hychothcrmal solution (D/H 180160} that the iydrothermal solution ' is originated ' from
rainwafter fm(l that the dltltlldt of the supplying area of lln, rainwater is 250 to. 350 mett,rs abow,
the level of the geother mal area. The recharge area is unclc1 lain by granite in the Fm geother mal
area. The pmo‘uty and permeability of the granite are small as a whole, and the amount ol the
outflow is estimated fo reach dbout 90% of the total cﬂu,hve Idlllett)I By the metcorological
data based on the observation by the Chmng Mai mett,omloglml stdtlon the average dnnual
rainfall s 1,776 mm/year The amount of cmpomtlon is 1,173 mm/yedt, according o the
Penman’s expenentnL formula. The possible effective supply of rainwater inlo the geotherimal
area is obtained by tl_le following formula.

Q=040 x (P - E) x A x 5.59 x 10°

Here Q: supply (gallbns/day)
A: area. (km?)
P: rainfall (inches/day)
E: evaporation (inc.h/da'y) '

The recharge of the effective rainwater to the Fan geothermal area obtained by the above
formula is 365 x 10°® gallons/day/km?.

Me(mwhllc the rainwater supply in the San Kdmpauu, gtothernmi area, although detailed
survey data arc uncertain, is estimated to be 408 x 103 g,dIlons/d‘w/km2 It is ‘known in a
geothermal “area “actually deveiopcd in Japan: that the rainwater supply s 1.44 x 10%
tons/d'iy/km2 (380 x 10° gallons/day/km?). Accordingly, it can be said that the rainwater
supply in the San Kampaeng area is sufficient. ' e '

The “hydrographical structure “in" this area is hefe considered geologically. Tlie area is
geologically underluin, from the lowest, by the Carboniferous Mdb Tha Formation, the Perniian
Kiu Lom: Formation (tht, lower part, the middie part and the uppel part) and Triassic granites.
Generally, thc porosity of the Paleozoic strata and the granites is less than several percent, and
their hdns1111531b111ty is in the 01de1 of 107% m?3, Thelefon, it can be said that, in the area where
fissilities are not well developed, the rocks composing this area have small capability to keep
geothermal fluid (reservability} and poor permeability. In many cases, the main beds from which
productive vapors are obtained are corhposed of Paleozoic and Mesozoic rocks in the
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alreaity-developed geothermal areas such as La'rdu'ell'o in Haly, ch;éer in U.S.A. and Nigorikawa
In Japan. All thcse beds are fractmed well, and faults are known to be 1mp01tant as the passage
of the fluid or as tlic reservoir. _ : L : '

The outline of the hy(hoglapluca] eharcte] of the beds composing this area is gwcn below. _

The Mae Tha Formation is composed of quartzose massive sandstone; in. W]]ICh f1ssmt1es like
Jomts are pomly developed. Structural fractures developed in palts are 1eeogmzed to have been.
f“lled with quartz vems in many mses and there[me the pe1meab111ty as a whoie is expected to be
small The lowel part of the Kiu Lom Formation is eomposed 01‘ altelmtlons Of various -
sedlmcntdly ‘rocks” siich ‘as sandstone, shale, siltstone, llmeslone and c‘helt Fractures like joints
and cleavages are well developed in- them coma;ed to the Mae Tha Fonmt:on and to the nu(ldle
to upper part of the Kiu Lom Formation. It is recognized in the field g geologlml survey that chert
bed and muddy bed’ (shale, s;ltstone) are especially broken intd pieces. Aceordmgly, if these
ex1stmg flSSLllcS are open, it is thought that the lowe1 palt of the Kiu Lom Formation has fanlv
high per medblhty The middle to upper part of the Kiu Lom For mation is composed I‘ﬂ:tllﬂy of
-~ basaltic rocks. (lava, pyroelllstle rocks) though limeéstone and shale-are 111se1ted in parts. As the
fissures in these beds ale adhered by weathering and alteration products in many  cases,
pcrmeablhty is thought to be low as a whole. o '

Accordingly, the followinig hydrographical division is p0331ble ﬁom the rough stmtlg,raplnc(tl
v1ewpo;nt (Table V.i- -4).

Table V.1-4 Hydrogmpfueﬁl strdhgl aphy in the San K'lmp'leng area

Middle to upper part of bas'al’fic rock hardly permeable

the Kiu Lom Formation

conformity S
Lower part of the Kiu chert, siltstone, sandstone, permeable Gf fraetures are
Lom Formation and limcstone, ete. open)

e UNCOMTOIMILY sormvnurum -

Mae Tha Formation sandstone Tardly permeable

,,,,, -

The result of this stratlgmphlml division seems o be co1respondent to such system as Cap
rock (hardly permeable confmmg layer) — Reservoir (permcable -aquifer) — Impermeable
b‘lse_ment, which is generally seen in the ordinary geothermal area. However, viewing from the
geological and structural characteristics in the San Kampacing ' geothermal - area, Iat_erai
widely—exten_ding cap rock and reservoir are not (':'onceivable_, As the fault planes '(almos't 80° ~
90°) and bedding planes (60° ~ 80° in many cases) have E‘airly steep inclination in this area, it is
inferred 'that'fracture zones. ase'oeidte(l with f’lll]tS and cracked zones in certain beds are also
.dlppmg steeply In such mse as this, the movement and the reservation of geotllenml fluid is
expected 1o be in vcrhcal (I1rect;0n v1ew1ng fromi the points that. the fractured zones as. the
passages are dlppmg inhigh 'mgl(, (60 ~,90%) and that the buoyance of the geotherma! fluid acts
.vertwal!y upward unless geothmmal fluid. moves houlontally by the lateral influence of the
underground wnter Accmdmgly, it IS thougllt that would be llt[le possibility that the basaltic
roeks of the m;ddle to- upper part of ihe Kiu Lom Formation arc. playmg the 1o!e of cap rock,
under w}uch geothermﬂ flu;ds ale 1eserved exicm;ve]y
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4. Period of cil‘(:lll‘iﬁt)ﬁ of the hydrothermal solu'tim'} :

- The]e is a method to estimate the period ilom “the penetmtlou of surface water into
unde]ground to the spnng out of the hydlothel mal solutton on the surface after hedied in the
deep. This method is by the mmsmement of tritium density. '

The analysis 1esutt of tritium in the hydiothermal solution in the San' Kampdeng geothe:mal
area is 4.5 and 9.0 TU (T/U x 10! 8)_. The age of the hy drothermal solution containing tritium'is
thought to be as follows uh!css admixture of recent uhdergroond water'is re’eogﬁized. :

(1) The water with tritiuim content of less than 3 TU is older than 30 years roughtly.'

(2) The water with tritium confefit of 3 ~20 TU contains high tritium concentration 'by the
experiments of hydrogen bomb in 1952 ~ 1962.

(3) The water with tritium content of more than 20 TU contains recent high tritium concent-
frafion. '

Therefore, the hydrotermal solution in the San Kampaeng geotermal area.can be said to be as
old as nearly 30 years. Howeﬁer,'it is infe‘rred'th'at‘the-hydrotheﬁnal solution ﬂowing out on the
surface has been admixed with recent'underground water,' Considering the iofluence'of ‘th.is
admixture, the age of the hydrothernnl soiutlon gushed out after the circulation in the depth.is
estimated to be more than 30 years.

5. Undelground watm flow system _
' Geothermdi system {including geothern:a! 1ese1v01r) is sunounded by the ordinary unde:-
ground water ﬂow system The two systems are thought to be -influence each other by the
exchange of heat and water or. by the interaction. of pressure. The underground waterlfiow
sj/stem is important. in the points that it supplies rainwater to the geoﬂwrnnl reservoir, that it
affects pressure lo the geothérmal reservoir and thdt it depnve heat of the reservoir after the
pBI]BtlatIOH of ramwater into the 1eservon

The motion of undelgtound water is thought as complicated threedimensional ﬂow -systeim,
not only as lateral ﬂow in aquifer.

Toth s model of the underglound water flow system 1s a modelin wluch pqttem of ﬂow
system 1s illustrated as steady flow .considering regioml featurcs of topogiaphy and its local
variation on a pr oflle con which geology is-assumed to be 1sotr0plc and homogeneous (Fig. V.1-5).

On this profile, in spite of 1sotr0p1c homogeneous and simple geo!ogiccll profile, the motion
of the underground water is comphcqtcd and is djvided into several local flow systems. According
to the potential of position reflecting fopographical variation, the following three flow systems
are taken from regional system to the local one, depending upon the scale. .

(N R_eQional flow system: the large scaled flow toward the high recharge area of the basin,
following large scaled topography of the whole of the underground water basin.

(2) Intemlediate ﬂow_ system: moderate scaled flow of underground water caused by the
difference of elevation of topography, which is rather small in scale compared to the
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Fig. V.1-5 Pattern of theoi-etica_i flow system on the profile of
simple underground water basin (After Toth)

topographical variation controling the regional flow sysiem.

(3) Local flow system: small scaled flow of undergrouml water caused by the dilference of
elevation of local topography. )

Vlewmg topog; '1p111m|ly, the 1eg10na[ flow system is thought to be large scaled flows from
the Doi Luang uplifted zone to the Chnng Mai basin and from-the Doi Luang uplifted zone and
the Mae. The uplﬂted zone to the Ban Pong Flom subsided: zone. Against this z,ystem it is the
intermediate. flow system thaf is controled by the topogmphlcal division by the Huai Pong River
flowing northward- and the Huai Wai River flowing southward in the Ban Pong Hom subsided
zone. Also, the local flow system is corresponding to the drainage basin of the branch stream on
the right bank of the Huai Pong River which is flowing in the area where the geothermal

The downstream

The upstream Fault of NE-SE trend (north)
(south) -
e Alteration zones “T'he present geothermal area

y.n "

,E
S T I ;
Intermediate SR " & Flow o side.
flow system Lateral flow }“\, I /
U Upflow of gcothcrmai ftaid

‘Fig. V:1:6 Geothermal systeni and underground water flow system
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