indications are distributed. The local tlow system is thought {o be a flow in compaiatively
shallow ﬂhlwum deposm and in the weathutd zone of the Paleozoic formation. It ig inferred
that this syqtbm has influence upon thc flow of shallow hot spring lqlulu and that it Lontlois the
distribution of ground tempemturc and the hot springs

In this area, the inter mcchfite flow system is thouﬂht to play an impdtt;mt role for the t:pﬂt)w
and the accumulatlon of the geothennal fluid. The main direction of the undug;ound flow of the
intermediate flow system in the dhunage basin of ‘the Huai Pong River is thought to be from the
upstream ‘area to the downstream area (south to north). Assuming that the gcothet mal fluid is
moving upward along the NW-SE fault branched from the Huai Pom, fault, it is cstnnated to be
the tendency that theupflowmg geothelm’tl ﬂutd moves toward the downstream area in the
north; by the influence of the lateral motion of the intermediate flow system, The change of the
passages of the geothermal fluid, caught by the distribution of the alteration zones and by tha
that of the area where the geothermal indications are distributed, shows good harmony with the
above estimation (Fig. V.1-6).

V-1-4 Structural Model of the Geoihetm_al Rese_rvt)ir |

1. Outline of the geothermal reservoir

Summarizing the geofogiml étructure the geothumdl structure and the hydrograpbical
Stl‘ll(,tl!le in the San K‘tmp'teng area to wh;ch the’ consideration was given in the former
pamg:aphq a maodel of the geothemml réservoir in this area is brought forward heje

The heat source in the San Kmnp%ng area is mainly the latent granite in the depth of the
underground in the Doi Luang uplifted zone and along the maiginal zone of the Ban Pong Hom
subsided. zone. Thc heat 50111'cé"in thought to include regional high h'e‘tt flow common {o the
" northern Thmiand as well as upflow of geothmmal fluid along the Ialge scaled faults (such faults
as dmdmg tectonic zones or the first leSS structural lineaments as is observable in the torm of
the lettcr S on the LANDSAT unaglmty) The depth of the surface of the'granite is estimated to
be 3.5 ~ 4.0 km in the underground of the area where the geothermal indications are distributed,
which is obtd__med by the analysis of the reflection surface in the seismic survey. The rainwater is
'lhought to benetraté to this depth and to be h(,dtéd while circulating in the hot rock body. Thus
the geothermal ﬂmd is formed. The tempmature of the formation: of thls geothermal- fluid is
thought to be around 190° ~ 210° C, which is estimated by. the Na-K-Ca thermometer using the
hydrothermal so!utlon

The geothermal fluid I"ormed in this way is thought to upﬂow atong the Huai Pong fault,
along its branch f"tult, along thc Ban Mae Khu Ha fault and along other fautts, The principal
reservoir is thought lo be (,lusttrs of these Iugh angled faults, There is another possibility. of
reservoir, which fies houzontally along the layers, being diffused and admixed with undelgmund
water in the process of the upflow. The possible layers for the reservoirs with abundant fissilities
are lithologically taken to be easily” fractured chert, and shale dl]d t,o:roded limestone, and.
unconform:ty between the Mae Tha Formation and the Kiu Lom Formation as well as the
contact surface of the granite with the Paleozoic formations. The layers between the hotizons of
L, and Ly, Ly and Ly, Lg and L, as‘suh]éd by the seismic survey reveal high 8-N ratio zone and
low frequency domain, It is thought that fractures are dwelopui in them, stratigraphically and
lithologically. '
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‘The gcothcl md] fhud is cooled mamly Dby LOHdUCllOI‘l in the Process of the up flow but in the
shallow palt the : tempelaturc desccncis by ‘the dnect 1(lmlxture of un(lelglound water
Consuteung the sensl*mty of the seasonal. vamtson of chenucal mgxcdmnts contamed in the. hot :
splmg w'item the ddnnxturc of underg g,round W‘]tel would be occuxrmg m not s0 deep a por tlon
Vlewmg Trom the tlnckness of . the wcqthermg layer in. the seismic swrvey. and from the :

dlstubutlon of the 1ow 1esmt1\uty layers in. the deep electrac smvey, the depth of- the qdmlxture of o

under, ground watcr is thought to be less-than 500 meters. The tem per'mue at thls lcvel 18 thoucht
to be 160° C,. whu:h .is estimated by the. silica theimomctcr or. .139°C, which’is the. a(,tual
measured tempemtulc in the well 8-13.. : : : '

It is inferred that the geothumai Flu!d after d(lnuxed w1t11 undelglound watcr has ﬂown up.
through some narrow pass (part of fault.plams) to the central part of the areq_\vhele the geo-

" .. _ | 7 .E _
Mt. Doi Luang Mt Mae Tho -
A

‘Geothermal area

-

Up”fted zbne Subslded zone Uplifted zone--
' -Ban Mae Khu Ha Fault o 0 skm

Hual. Pong Fau!t

- ﬁ Aséending  hot " water ‘ e © Kit Lo . Formation
T R _ { ' . Mae Tha Formation
i . Descending - hot water : o
e o . l _ + Grrqnit‘e
J Urjdg'rgrdund,‘-.'_,wole-r o o -
' IR I L Faulr,

F ig._...V.l__'-'?‘ " Geothermal system of San Kampaeng area
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thcnnal md}catlons are dlstr:butcd (around the hoi(t of S 13) : dlld that it has. diffused Iaterally '
in the ‘IlllWldl deposits wlnch are composed of smds pebbles ancl muds s well as in. the thick
' 'wcqtheted fracture ZONCS, where aqulfels forthe thelmal watel near: SUrvace have been formed.-
By the cleep electue survey, {ow remstmty zones have been detected at the depth of less than

'SOO metels {first eonductwe ldycr) and at the depth of 1,000 ~ 3, 000 meters. (secoiid- eonductwe
layer), in: the area between the Huai Pong fault and. the Ban Mae Khu a fault; This 1t‘sult isin -
good harmony with: the result wlm,h has. been obhme(l by the seismic survey. Especmlly, the
~ “second: conductlve layer is eouespondmg to the most zemfukqb!e reflection surface 'among the
. houzons flom L2 to Ly (surface of the gramte body).: Accorctmgly, it.is conceivable for the Smt :
Kampaeng geothelmai to- be divided into, two. sub-system of shallow and. deep geotheimal
1eserv01rs S‘ummauzmg the above- mentloned items, San Kampaeng geothu !ml lCSEI voir model is
brought forward as follows (Fig. V: 1—7)

2. Extent ef the oeothermal reservoir _ _ _

The extent of the S'm Kampaeug geotheundl TeServoir is- tltouOht to be confined to the B'm'
Pong Nok area;’ whete the actual geothermal mdicatlons -are.. found, 001131der1ng hom ‘the:
geoIoglcal st1 ucture the underground temperature the glav1ty anomahes the dlstnbutton of the
low’ reststw;ty layers and the dlstrlbutlon ot the low S-N ratio zones of ehstle wives.

As for the geologncal structure the area. whele the alter'1[10n z0nes are distributed md the
alea wheie the dctual geotherm’}l mdleations are dlstrlbuted ale defined by the Ban Mae Khu Ha
rfault of N- S.trend, the Huai Pong fault of the same trend and its branch fault of the NW SE fauit.

. The alteretlon zones are the sum of the past geothermal aetmty ‘The fact: that the alteration
. zZonies are fairty. b;oadly dlstubuted in. thls area, including the area whele the plesent geothelmai '
mdimtlons are found, is thought to suggest that the geothelnmi aclivities ]mve been there in w1de :
area and for long perlod This geothermalty indicated . area is located on the east wing of the
anticlirie, ina smali dlstance from the axis, wlueh 1s composed ot shale, smdstone and chelt of '
the towel part of the: Kin Lom Formation, - . : ‘ o : '
: From the results of the deep: électric sur vey, a surface rise of the electric basement Rc ayer
i recogmz:ed whlch is cmrespondent to the anticlinal zoné . detected by the se;smu, survey. In
such pari‘as the wmg of ‘anticline, sheared zones are generally de_veloped by tectonic movement.

“The sheared zones:'ar_e though_t to compose passage's for the geotherinal fluid from the dép'_th'.:
* By ‘the results of the gravily ‘survey, the area is as-a whole' composed of: the eéstem high
av1ty zone, the central 111gh gravity gr‘adient zoie and the westem low gravity .zone The area
where the geothermal mdlca’mons are dlstrlbuted is 1o<,ated in the western low gta\flty zone and.is
cor:espondmg to the perlphery of’ the low residual gravity drea of thnd order polynomn[ This is
thought to be due to- the lowermg of the rock density by the altenhon and the hactulmg, and
- thig low gravity area is dehnedtmg the extent of the geothermal reservoir as-a whole
By the 10.m depth temperatuie distribution mip, high tempemture zone of over 40 C is
confmed io the alea where the- geothermal iﬂdlCElthIlS are  distributed. Its. exfension is
appioxmlately in an area of 0.4 km x 0.6 km ThIs is suggesting that the high tempelature zone
as been formed by the dlschatge of the hot springs. Also, the anomaly of the 10° m depth
temperature ol over 30°C has been found in a small area mcludmg a part of the sur vey line E of
the seistmic survey. It is not certain by ‘what this anomaly of the temperature has beeii brought
about. No ev1de_nce has yet been found for this anomaly to be related to the existence o_f ihe
geothermal fluid. In all the area, except for the above two anomalous zones, the 10 m depth
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temperature is 20° ~ 30°C, which is at the same level of the annual average temperatiie, and no
geothermal-anomaly has been recognized.

- It is thought that the distribution of the total conductance and the appareut msmtwntv is
mdlmtmg the extent of the geothermal reservoir appropriately. Most of this area is undeilain by
low conductive layers of the total conductance values of less than 220 mhes, but there are two
highly concl.u'ctive zones of the values of more than 200 mhos. The one is around the survey point
2-2 in Wat Pong Hom, and the other is the area from Wat Hong Hoi to Wat Hua Fai in the
southeastern part of the surveyed area, The former is obviously related to the area where the
present geothermal indications are distributed, and the iso-value. contour line of 200 mhos is
closed there. However, viewing in detail, the distribution of the alteration zones iildicating past
geothérmal activities, the location of the area where the preseni geothermal indications are found
and the highly conductive zone of the total conductance values of more than 200 mhos are not
coincident one another completely, but they are distributed toward north overlapping. It is not
certain how they are related to the extent of the geothermal reservoir at the depth in the
underground, The highly conduclive zone found m_ the southéastern pdrt of the surveyed area is
obvious!y_ a part ol fairly large scaled high conductive anomaly. But because the geothermal
anomalies, such as the 10 m depth tempei‘ature ‘distribntion and the distribution of hot springs,
and the permeable zones due to faults and fractures are not recognized in the area of the total
conductance values of over 200 ~ 300 mhos, the geothermal potentiality in this area is not
known yet. .

- By the analysis results of the seismic survey, the geological structure is different in the eastern
area and in the western area, bounded by a narrow zone, in the direction ol_" north and south,
from Ban Mae Khu Ha in the south to Doi Tham (roughly corresponding to the () fault). Asis
shown by the structural contour lines of the L, horizon, the western area is an uplifted zone
while the eastern area composes a subsided zonc. Also, in the western area the low frequency
zones are widely recognized. They are especially remarkable along B liné, C line and along the
northern part of A line. However, low frequency zone israrely recognized in the eastern part. As
the area where the geothermal indications are distributed is included in the low frequency iones
at the levels of 1,000 meters and —2,000 meters above the datum level, it is pointed out that
the low frequency zones would represent fractured zones and that geothermal fluid would be

existed in such part. _ .
As stated above, it has been clarified that the area where the present geothermal indications

are distributed on the surface has very direct relation spacially with the low gravity anomaly
detected in the grévity survey, with the highly conductive zone in the deep electric survey, with
the low i‘rcqu_cnéy zone in the seismic survey and with the fault zone or alteration zone in the
geological survey. The problem is how the surface indications {the area where térmal. ﬂl;i(i springs
out) are connected to the geothermal. reservoir in the underground. According to the survey
results, extension of the faults, {ractures and low freque:icy zones is almost vertical, and it is
es’tinﬁfed that the geothermal reserveir is continuous to the depth in such high angle as to be

almost vertical.
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V-2 Pos_sibility of the Geothermal Development and Future Program
of Investigation

As prcv'ious«mentibned, it may be inferred that the San Kampaeng geothermal reservoir is
confined to the present geothermal manifestation area of Ban Pon Nok. The surface geothermal
manifestations are taken to be a teak from the reservoir.

Judying from low resistivity distribution on the deep electric survey (MT method), the width
of the geothermal reservoir is estimated aboui 400 meters, Also the low resistivity layer in the
resistivity prdfilc indicates that the geothermal reservoir occupies at the depth of around 500
melers and at the depth of 1,000 to 3 (JOC meters approximately. Because this, il scems possible
that the San Kampaeng geothermal reservoir can be devided into the \.hd]]OW part and deep part.
The width in north and south is not cartain without profile, but the reservoir is thought to be
extending to the depth probably in a form of cylinder, Thu temperature of the geothermal fluid
in the (lccp reservoir is estimated to be 190° ~ 210°C by [llt, Na-K-Ca chemical thermometer.

Viewing from the above results, it is LOﬂdLide that the {further investigations of the San
Kampaeng area, especially of present geothermal manifestation area, should be recommended as
to the detaited extension of the geothermal reservoir and the temperature ol thermal ﬂuid,. for
the confirmation of the possihiiity of the geothermal development,

As the contents of the future survey program, the exploratory well is recommended to drill
in the depth of about 1,500 meters in lhe geothermal manifestation arca tor the confirmation of
the existence of geothermal Hmd and its temperalure. In case the geothermal fluid blows out, it is
desirable to carry out the production test to estimate the reservoir and well plope:ty as to
pressure, temperature, permeability and so on, discharge characteristic curve for stcam and
thermal water.

Before starting the third phase investigalions including the above-mentioned drilling of
exploratory well, it is thought to be necessary to grasp more precisely the extention, the depth
and the center of the geothermal reservoir in the San Kampaeng area. For this purpose, it is desir-

“able to carry out supplementary deep electric survey (MT method) in the subject area. Although
a high conductance zone (over 200 mhos) is recognized in the southcastern part of the surveyed
area (around Ban Mae), the extension has not been confirmed yet, as lacking the sufficient
numbers of the survey points. Therefore, further the deep electric survey is also recommended to
confirm the forms and the extension of this high conductance zone of Ban Mae area, giving some
additional survey points. . .

It is desirable to give final evaluation for the development of the San Kampaeng area, after

analysing the results of the above-mentioned various surveys.
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VI CONCLUSION.

F:om the resuitS of the puma1y and the secondmy mvesngatlons camecf out m 1982 hsc'll
-ycal, and tlom the le:'ilts of the teCh]llC’ll amlyms peltotmed in 1983, it lm been confumed that
' the . potentml area for' geotheunal lesexvmrs in th]:, S'm Kﬂmpdeng geothenml aled would be
confined to Bfm Po k area, where the 'wtml geothermal md:catlons ne found on the surtace
" This dle'l iy Sltll'lftd between the N S trendmg Hua1 Pong fault and the NW SE tlendmg fault : '
: bnnched from the Bm M‘le Khu Ha tault In addmon to the’ f'worable chamctel lSthS that nnny

~ superior geothemni mdlmtlons are dlstubuted on the sultace in this area, the Ban Pong Nok area
is the arca where 'momqhes ol Sl]bSllrf‘lCG tunpemtme, gravity survey, resnstmty and selsm:c

survey are concentmted ' : '
Further mfonndtlons on the e‘(tent of the geothernnl reservoir and on the tempelature of the
geothermal fuid will be requlred for ‘the determination whether the area would warrant actial
- geothermal development On this pomt ‘the following suggestions have been obt’uned thtough-'-':
the present mvestlgatlons R : :
As fm the exteut of the geotherm'd reservous there are mformahons by the deep eteetnc-
smvey Below the surf'lce around the Wdt Pong Hom alea two layers of low re51st1v1ty are
tecogmzed at’ the depth of less than 500 meters dnd at the’ depth between 1,000 and 3 000
-HlE:tBlb Regardmg ‘these low resnstmty layéts. as the geothelmal reeelvons the w1cith is '
':approxunately 400 metels ThlS W1dth is taken in the chre(,tlon ‘of northeast’ and southwest.
3H0wever ]udgmg hom the dxsmbuhon of the total concluetancc the w1dth of the low remstmty
“layers m “the d]reeuon of northwest 'md southeast is eshmated to be 400 500 meters as well,

d1ffe11ng not S0 mueh from' the_dbove. Therefore as far- as the result of the deep electric survey .

_ concerns, the 1(led can be held that the reservoir in this area is exten(hng vertlcally to the depth in’

a shape of ‘pipe; whlle the. geotheumi mdleatlons found on the surf'lce are located on the top of =

it. , .
“AS Lfor the temperﬁture of the geothermal fluid, thefe is an info'rmation of the temperatureof
' '139 C, whleh was actually’ lllE’lSUied in the 30 m dcpth tempelature sarvey carried out by the
' Thaliand suie in the dull hole of 13 in the areq whe;e the plesent geothermal mdlcattons are
' distnbuted Viewmg from thls actual measured value it is- thought that the tempelatme of the
geot11e1n1al ﬂm(l in the deeper portion w1]l reach at least more than 139°C., By {he ehemtcal
: thermometer the value of '1b0ut 160 C was obtained by SlO2 method and that of 192~ . 207°C
wis obtamed Na K Ca method it is mfened that the temperature of the geothelm'll fluid at the
"-depth of more than i 000 meteis would bc 200° c mo:e or less. _ -
As af01e mentioned the extent of the geothermal reserveir eetlmated by the smface survey

seems rather small but because the fractmmg is supposed to be deveioped well in the layers in -’

th;s ared bemg surmunded by the faults, it is poss;ble to antmlpdte the 1eserv011 would occupy-
unexpeetedly bload area as suggestcd by the. extenswe alteration developed in the nelghbourmg
zone.to the south of. th(, area where the geotheunal llldlt.dtl()]]S are dtstubuted Also, as for the'
eubsulhce temperature, there 15 a record of 139°C at so shallow a depth of 30 meters; and the
temperature. of the geotherlml Teservoir ‘would be expected to be more than 160 (', presumab]y :
about 200° C dccmdmg to the ehenncal thermometer Il_lelefore it is thought that further
. -investigation will be warranted in ‘this area for the posmblhty of geothermal development.
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“The contents of the future program to be recommended qre o carry out dr;llmg of the
explmdtory well in the potantml area where the 1oserv01rs are expected, as ¢aught by deep
electuc survey, targetting the low- rcswtmty hyezs at the d:,pth of 1 ;000 ~ 3,000 meters as well

' _as the low fiequency zonc obt"uned by the seismic survey, in order to conflrm ex1stence of the

: geothclmal fluid and 1ts temperatme In case the f!urd is: shootmg up, it is necessary to carry out

. dlsclmrga chmacteustic test of v1p01 and hydrothcmnl llquld And it is reu)mmended to give
finat cvwiuat;on of the possxbﬂ:ty of thc geothemml (leve]opment in this plO_]t,Cf after the. -

syntheiu 'III’]lVSBS of aIl 10und data of various uwestig'ltlons
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