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I.  General Description



' {Supplementary mveshgatmn} .
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1. GENERAL DESCRIPTION

-"lnvestigation Item” Name -

ngdom of Thailand San Kanipaeng area deep electnc survey (MT method) .

Object of lnvestngatwn
The: object of this mvest:ganon is to obtain data on ihe geothermal reservoirs

by checking the dlstnbut:on of resishwty (or conductance) in the survey area by
g ) _measurmg ratnos of elecfnc ﬁeid to magnettc field through execution of magnetotel-
luric. method - (M’i‘ method) and vemcal electromagnetic seunding method (CSAMT

13

method: Controlled Source Audxofrequency Magnetoteiiunc tmethod). The particular

"~ objects of supplementary survey conglucte_d this time are selection of survey well

excavating posifié'ns for the thirdary investigation as well as investigation of expansion

Co 'and form of the low res:stmty .aone in the Ban Mae area located in the Southeastern

part of the survey area,

_ Survey Area

This survey was conducted in an area of about 50 km? in the San Kampaeng

. area located in the Northern. part of the Kingdom of Thailand as shown in Fig. 1,

and measurements by MT méthod and CSAMT method were conducted at the cound-

ing pomts mdxcated in this flgure

The_ survey arca l_S l_oc_ated at a point of about 30 km to the East from

. The place where a sign of presence of geothermal energy is located at an inter

i.4

mediate point between Wat Pong Hom and Ban Pong Nok in the Northwestern
part of the survey area. It 1s charactenzed by springing of high temperature hot

) Sprmgs

_Partlculars of ln\’estlgatnon

The compononts of measurement by MT method are two components of under—l

-ground natural electric field (Ex, Fy) and three components of natural magnetic

~field (Hx, Hy, Hz). The total number of sounding points in this survey by MT
- method was 20, and sounding points were selected in abouf 1 km mesh as a rule. In-

. the Ban Pong Nok area, however, the spacing between sounding points was deter-
inined as 500 to 600 meters. The components of measurement by CSAMT method

are two components of magnetic field (Hx, Hz) and a component of electric field
{(Ey), which are induced by loop. Four loops, i.e., loops D, F, G and H, were

“ prepared. The same points as used for the survey by MT method were employed
for the sounding points of the deep electric survey. The total number of sound-

ing points was 20, which is same as that of the MT method.
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._II. Method for Electromag‘n_etic_Souhding



e .;;';"' METHOD FOR BLécT;iOMAc_;NE'rrc SOUNDING

B o"’ if

311 ‘ Method of mcasurement of MT smvey

oyt Apparatus for’ meas\irement

The specif‘ cation of the apparatus employed in the present MT survey is

as foltows _' SN __ L . ‘
- Apparatus o Amount o Specsﬁcatlon .
S R (lst Stage) B
“Input Levet I micro V
SO Nr e | .. Max. Gain 2 x 102
. Amplifxer it ] 'y [,00 Hz High Cut Filter
| for electnc field S TR (and Stage) - ,
3 gl : Max. Gain 5 'x 10*
, L _ | .. 033 Hz High Cut Filter -
-Amphﬁer umt o . 3 | ~ Max. Gain 8 x 10°
_ fOr magnet:c ﬁeid - 033 Hz High Cut Filter
;| Full Scale + 5V-or 10V,

1 Wave form Recorder ' - Chart Speed'S‘low 1200mm/Mour

F‘ast 120mm/min

Fuil Sn.ale + SV

‘Data Logger e e
¥ | . Sampling Rate lOOms/l DATA
1 (Pouble cassette) P -5 Samiple Multnplexer
A Battey. ) 2| 12y, 1008
o _Magﬁetic‘-'se'néor . _'3- 1. IISmmqﬁ b lOSOmmL ab. 10 kg~
- Insert

(Induction type-coil) . [ -

 (Accessory) M‘l cable _a suif. Blectrode ~asuit
' Tools “asujt. Others  ~ aset



lI 1 2 Mcthod-.ot‘ mcasu

lll

---------

Se!ectlon of soundmg pomt

L_

'Dtermmanon of the Iocanon oi‘thc base ] fé)l::(l!-ttlbh N
s Dctermination of lhc Ex. EY d:rccuon ] TR
l—ﬁ Electrodes 1ayin$w”“'“- e l ‘ _

1—— Settmg ofmagnellc sensor | P l:;z%‘:‘ S S
| 'f._- | Connecnon ol‘cabie to electrgde J - GH;: ' o\

| Arrangement of mensunng npparatus. g | |, Measure- P
N N Measurement o ] mc:‘_‘at B

[ : Remo'-rmg__ _ SRl }&Zmov- SRR

3

—Fig:. "ll.;i'--::'Méééurém:ent _of MT survey -

1) Selectlon Qf soundmg pomts

The method of measuremént in thls MT suwey is as shown iu the foilowmg Flg

o Ey

FiglL2.

Hi= Elagtroas;

Places which permit measurement were . aelecled In the \ncamty cof the pro-
grammed pomts, avoiding steep slopes and assunng that noise sources aré not located
‘in the nenghborhood Furthermorc, the base points were selected. in_the most appro-
priate sites in the actual field condition, where it is posslole to. estabhsh survey lines,
Two survey lines of the length of 100 meiers were laid out in an 1~shape array. Diree-

- 'tions, topograph:cal uhdulation and condlhons of sm*roundmg aréd were recorded

on the field note at each point.

The relation of the locations of Ex base and Ey base is as shown, The survey lme"
on the left-hand side as viewed from the vase is Ex and the survey line on thc nght

hand side is Ey.
Mapnetic North

4.
Ex

&
o
-

§y=8x+5q°

Fig. 11

“Ey
Provision of survey lines

o



e .12) Preparatlon : - .
: ‘Sensor whs' placed in % way as shown in‘ Fig. 112, Thé electrodes were placed at
s safes, 3 at the- base ‘Aid’ one edch 5t the' 3ites of Ex dnd Ry, The way of laying
 thess electrodes is shown in _Hg 114, A Holé 30:¢cm deep with diameter of 20 cm
- 'was sunk, in which water and soil were thrown in to make mud. After jaying non-
polariz‘cd‘ electr_ode‘ of CuSO.; ~ Cu system, soil was piled as high.as 20 cm.

- Hx and Hy coils were placed on- thc wooden stand with the coil axes, Also coil for .
Hz was burled as deep as about 60 cm with its head upward. To stand it vertically, level
was used. After confxrmmg the dlrechons of ¢olls, levenmg and perpendicularity, wooden

7 box oF polyethylene bucket was; put on them and fixed with soil cover to avoad direct
. _sunbeam and wind, (Fag il 5 6) »

' \\\\\3\\&\\&; I

///////f// -

' an lI4 Way of laymg electrode.

Polyethylens bucket:

Wﬁo'oden box
- Goll e ]
é ‘ ] ' Soll
///// _//////////f/,} /7 Wooden tnb!; Coit__| coen

Fig. 1.5 - Way of setting Hx, Hy coils Fig. 11.6  Way of setting Hz coil



"The connecnon of cables to the clectrode was bmw y
snn beam, bucket was put on, conncctnon qu a8 a‘cov
: stone.was placed on At (Fig: i, 7)

, :

F:g }l‘? Way of comjecting electrode to cable '

= ' 3) Measurement : & :
o As the process of the measurement; apparatus were connected in the flrst"
place followed by the measurement of’ co:! res;stance and earthmg resistance. After .
connection of the cables to the pannel adjustment of the amplifier and settmg L
the cassette tape to the ‘data logger, gnals were checked for a. w!ule Then re-
cording began by starting the dafa logger. ' ' ' __
In the course of the racasurement, -the graphic. paper was bemg watched to
check noises. For the analysis of electromagnetic field of the period up to 200
“second, recording of data was continued for more than 2 hours 30 min. and for -
more than 4. ﬁ[es of noiseless data taking ‘25 mmutes record fo be one f!e in
“case of smgle measurement R



o '.-Méaiiﬁie'ﬁ“*i!‘if.i ¢.f-‘:.CSAﬁT3:ﬁ1'etllod‘

_Apparatus. for me&surement . : . L
For the measurement of CSAMT method the foll owmg apparatus werc

"AmQuht.‘”f‘— SRR _ Speciﬁcahon
T reauency 2240, 1120, 560, 280, 140,
L Traneminer | 1 | 0,35, 1715, 873, 438, 219 109 Hz
e P .'-"Power L kW &

. _ | R lnput level IO wicro V
ey A Output Display Digital 4 figures
Receiver 3 Band Pass Filter, Notch Filter
50 Hz/60 Hz
_Sensor I o sét Teliuric Current Sensor x 1

Magnetic Field Sensor x 2

’ (Accessory) _ o
Handhe}d Computer a set
Tools. ‘ ©a set

Others 4 et

- 1.2.2° Method of measurement
' Method of measuzrernent by CSAMT survey is shown in Fig. 11.8, roughily.
- After generating power by 1 kw generator, electric current of 12 steps of
2240, 1120, 560, 280, 140, 70, 35, 17.5, 8,75, 4.38, 2.19 and 1.09 Hz were
input_into a square loop of a side of the approximate length of 300 meters
© to ggnerate'artiﬁc'ia} magnetic field, _ ' '
; P 200"

. ' B
. . l’a.“ e .

. - feele N looo —[
Generater m‘_;— )

1 oov sereane ]  ED J'l @ ..

Yransmites l

'_rv,\.onnnh LS00~

~0T

gy

@—

‘Fig. 1.8 Method of measurement of CSANT surécy

B



A recewer was located at a pomt that is spaced: apart by : abc}ut ’?00 to 1 500 metets

from those loop, and signals were ircveivod with ‘

W1th an’ amphﬁer and were then fed ﬂxrough 'aiid-pass filter matcl\ed with the

o { 0!’3 Of.Hx, .Hz and K AS the_i{-,
‘.’_revewed sngnals were as low, as 10710 20 mlcrovol_‘S. ‘thie "'w"‘e'at fis amlvlll‘ned"'il

 frequency of the crrent flowing. through thc loop'and a 50 He notch fiter Finally,f S

:'_,an averaged value wis ngitalnzed and was dtrectly read:j'f 't ol‘ the d:splay panel
This vaiue was ' inpuit; o 4" hand held computer for

-_Eprocess;ng was. executed on the ﬁeld,_Computatlon of - apparent res!stlvnty curve,

‘data p_hccssmg and; Slmplcr data’

-§3penetratxon depth curye and of bos"c’ inversnon was made a3 tlus data processmg o
' ;Measurement was taken once agam m the case where the result of t}us computation o

fwas;udged Unsatxsfactory o I e PR

i .
Ve

i
Tt



I, Analysis and Results



HL ANALYSIS AND RESULTS

'..Method for AnalySns s bl ,
'he‘ analyzmg procedure s, mdicatcd below
o ek - CSAMT method ' :
| 'I‘._:.-j2'.;-'.---MT method .
a3 F,i_g'u're!tab:lg;;; L
. .-z-[)ata SR e
S Spectrum analysns e g
_',-;'f_“-Tapper, Jmpedance. tensor analyses
..;;Geolahysical pammeters Gedl e o

g i Bis -Sounding: eurve

9. Apparent reslstlvzty tsocontours
10, One-dimensional analysls
. “J1. Total conductance isocontour .
© 12, Division “of layers R S
T3 Strubtiee 1socéﬁtours for thc top’ of conduct:ve formation -
14, RBiectrical foundation
. 15, Two-dimensional model analysis
18, :"~-"I‘w_o-d'imension_at sectional View .
_ llll 1 Results of th? CSAM'I‘ method .
The’ apparent resistmty vras calculated from “the field records of the
measured values, accordmg to. the. t‘ollowmg formuia,
| = (Kfuoh (EyHx)*
Here pa -apparent resxstmty (ohm~m)
' po: -_'magnet_tc perinéability =
" f 't frequency (Hz) '
| K : correction coefficient | :
This formula is similar to that used as the base for the MT method. How-
evct‘ in this case of the formula for CSAMT method; correction coefficient
~X which is a functlon - of (Hx/Hz) s included. The apparent resistivity is
obtamcd accordmg to the fol]owing formula, too.

‘K uor2 21tf/(9]ixll-lz)

o Here pa apparent resistivity (ohm -m}
po: magnetic permeability
‘ _f : frequency (Hz) R
- K.t correction “coefficient ' . :
r distance between. the receiver and the center of the loop m)
1n this formula, K’ is also-a function of Hx/Hz.



Il] l 2 Mcthod for Analysss of MT Mcthod

Thc data of fnve components -of electnc flcld and magnenc fleld-oblained
through measurement by MT. mcthod arc at flrst coiiverted
into frequenoy regton from tume reglon n: tlie frequency rcgio_ ; :
" and phasc of ampmude of each component are cxbressod a§ "]omplex numbcrs L
' The fo!lowing dxscussxons arc- made” in- the frequenoy-.-reglon" j', oY

After the spectrum analysas the data-of these f“wc ‘Componénts: are. neiyz:'e"d?_ -
in accordancc witli- two. analysis teclmlques that s, xmpedance fensor analy51s T

y Spectium’ anaiysls_:_jl'f}.'_
iethe magmtudc L

and tippcr analysns and geophysneai parameters are obtamed ‘A a result Im- .
pedance tensor - analys:s :s to obtain varmus parameters by anal_yzmg the rc]at:on R
of four: components of horizontal components of.; elcctrue f:e!d_ and . magnenc -

: field; ‘and tipper analysxs i o obtam various parameters thr'ugh analysas ol‘:
~the relatlon among three components of magnetlc fleld TR ——

'(l) Tipper analy‘sis T O
The relation between the honzontal components ahd vertmal components'

of magnetlc freld 18- nxpressed by siich . a-!meag couplmg that is shown -
bclow : . L

Hy»= Tx Hx 4+ Ty Hy oo e 2 bt ool o)
This is the exprosmon that regulates the act:on from a hon.eontal magnetic '
field to a vertical magneno ficld. Txty is the contant that determines the
inclination (tip) of pole division of the. magnetac field/and is callcd a tlpper o
,lt_can be obtained when the: followmg. formu]as are. sol\{ed_, :

<Hz Hs*> = Tx <Hx Hx*> + Ty <Hy Hx*>

<Hz Hy*> = Tx <Hx Hy*> + Ty <Hy Hy*> L
* means a conjugate complex number and < > means a power spectrum ‘

The parameters obtamed from th:s topper are exp}amed below

-.a) Tipper: magnitude
' Tipper magnitude = x2 + Ty“ FRRRIT
“This magnitude is an index that mdncates the strueture One-dimensnonal
- character is strong when this value iis close. to zéro and two-dimensional '
character is strong when this ?alue Js. larger, Furth'ermore this index
-remains uwnchanged desplte rotat;on of the comdmates w1th Zax:s as
the cénter.

b) Mlmmum value of Tx (MIN Tx) _ L
The value of Tx changes when.the orthogonal c00rdmates system is -
rotated with Z-axis as the center. When the angle at Wthh the value of '
Tx is the minlmum s selected; -this. value ‘becomes - -zero if the
earth is of two-dimensional structure, Jt is possible to learn the

——-10 -



@,

o structure of lhe earth when tlus value and thc tipper magmtudc men-

)

S d)

"-tnoned carlaer are- consudcred togeihcr

’I‘lpper smke

T:pper strike indicdtes the rotatmg angle of the coordinates that gives

the mmimum value of Tx mentioned in paragraph b) above, and '
B ‘;lt zs obtamed by the fcllowmg express;on : :

2R (Tx Ty
T E - Ty B

o1 "="-1‘/2‘ ;t'_é"

When' the angle at which the value of Tx is the mmmlum is selected
- it-is parallel w;th the dlrection of the structure.’ '

_Tnppers phase e

This s the phase'of Tx after rotation of coordmates It indicates the

j'acnon from a honzontal magnetlc field ‘in the direction that is
. Lnormal to the travelhng dnrect:on toa vertlcal magnet:c ﬁe!d

Impedance tensor analysls RO
The relation among four hor1zontal components of the eleciric field and
magnetlc field is expressed by such a ]mear couphng that is mdlcated below.

Fx = ZxxHx + ZyyHy
Ey = Znyx + ZyyHy

The matrix of coefficients is expressed by tensor with the electric field
' and magnetlc field as vectors and it is called lmpedance vcctor

'It can be obtamed when the fo!lowing formulas are solved like the case

. of tipper,

. | <Bx Ax*> %Zxx: _<11x"Ay*>_ + Zxy <Hy ij';>_
| <Ex Ay*> ='-Zxx <Hx 'A”y.*> o fo <Hy' A.y’;‘>
<Ey Ax*> = Zyx <Hx Ax*> + z,yy <Hy Ax*;»'
'<E:}.f'. Ay*;» = Zyx <:Hx Ay > ?yy <lly Ay*>

Either electr:c field ExEy or magncttc field Hxlly may be sclected here
as AxAy

~ Various parameters obtained through this 1mpedance tensor analysis

are explained below. .

SONT I



If the e ,th 1s of 'one-dimeusional or. two“dnmensmnal shucture t}ns'_'-. s
' '_:value s zero. The magnitude' f th:s value 13 an mdex that md:cates ‘the -

»

.-Rotat‘ing anglf;, e

- three- d:menswnal propcrty Further thls value remams unchanged despite:
'rotauon of the coordmates : R T I

N ; : *+ x* SR
on = 3 aretan _2 Re ((Zw Zxx)(ny ZY )] R
A I.wa _+ .AVXJ’%. '-f _erfzf?ix!.z

'Lof 1mpedance stensor become the max:mum when the coordmates

are rotated with 7-axis as the center and 1t s md:cated by the
angle formed between the measured X d:rection and the travellmg- :

. dxrect;on S P

_C)

)

Apparent ressstmty and phase ST
The apparent resistivity and phase are obtamed by the foliowmg

_expression by making use of 1mpedance tensor after rotation of the

coordmates mentloned above,

. 1. Axisl apparent re'si__stiyit.y- [(R]ldx) 0.2 l[.xy P

2. Axial phase (Phasex) - tan™ (!MAG(ny)IREAL(ny)]

3. Radla! apparent resnstmtyy (Rhoy) 0.2 lZyx 2

4. Rgdlaa phase [(Phasey) = tan”" (IMAG (Zyx)f(REAL @y)) "

Simple coherency (Coh ¢ )
The snmple coherency can be obtamed by the followmg expresswn

<A’B*>

COH (AB
(AB) = [ <AA*>. <BB*>]”2 '

A and B are components of electric field and mag'neti'c'r_i’_e.ld.':\falues
afier rotation of the coordinates were also used here. '

- 12 '_’. .



IR EE One Dlmensmnal Model Analysns

s -':'_Multip!c cohcrency (ExPred Ex I:yl'—‘red by)

T N R ,<130 FQ*> .
.._;,MH‘-?‘”’?};?Q_lf_‘?rfﬁ?‘f;;‘_.’._',’ﬁ{<.'_.__Q FQ?W <EE 1”2 |

f"EQ is this expression |s 2 value that shoutd be called a forecast value of
-the clectnc ﬂe!d computcd from the tmpedancc tensor cbtamed through
,,computatxon nd the measured vaiue of 1hié magnétic ﬁcld It indicates
o :‘_the coherency betwce_ measured valug B of the electric field and fore.
C 7 st value EQ: of the clectrlc field obtained through 1mpedance analysis.

‘ .’":lf no noise has cntcred the measured data, this valuc |s 1. In other woids,
' :fthe data is bettcr whcn this value lS closer to 1 and that the data xs’

S

- _‘worse when thts value is cioscr to 0

.0) _,}Error bar o .

The efror bar shown in the numera! chart and graph of apparent resush--
s ;_vity EXpresses. . the product of . each apparent resssttv:ty valuc and - the
- _'multxplc coherency mcntioned above |

i

. '_‘Fli'st of :all, one-d:mcnsmnat ‘model anaIySts was’ conductcd at each one

of al soundmg pomts based on. the apparent resistivity value of cach peri-
od mcasured by both CSAMT method and MT method. It was conducted in

such a manner that an electncal underground layer model of the bed is assumed,

L a theoretxcal apparent rcsnstiv:ty curve is obtained and is compared with the

“curve obtained through _measurement; and if they are not matched, the layer

model is automatically changed and this sequence is repeated until both of

them are completely matched, in order to obtain the dcpthwnse distribution

of the underground resistivity. The total conductance value was computed by

the following expression -after thc depth anaIysns usmg the one-dimensional
_model ment:oned above, '

R

Ct= 2 (& Hifpi)

=]
.Ct  : Total conductance - 1
[ Hi Thickness. of layer i (m) 2
el Spcmfic resistivity of layer i (ﬂﬂm) 3

=13 -



IlI B 4 ’Iwo-dlmcnsnonal Modcl Analyszs

1 delcrminc'ihe'
smg fracturc m

. Two- dlmcnsm\a_l n 'de.l H _:alﬁ.ﬁéis was concluctcd m‘-ord_
conductwe ground Iaycr fmd thc approx:mate dcpth of pfo,

Ll by

the arca m wluch abnormalnty in ccnductancc was obscrvcd inthe total conducl .

1f the electncal structure cf the ear;h nyprachce 1s of a 'three»(_imaensuonal'_ i
structure, it can be simnlarly handlcd as a t,\_ o-&ih\ensional structure i’ fhc case
where it has a symmetncal -axis a]ong A certam directlon.
most cl‘fcctive method for apphcatlon of a two d1mcnsional mode] m practnce '
1s to. select an area in which suddcn changes m the conductancc'valuc are ob
se ed in the total:" oﬁduciancc lsocomours. g SR
""" n- thls two- dlmensmnal model analysns model computatxon of - thcorctu.al?
_conductance values was rcpeated and the two-dlmens;onal model Was dctcr—_"r
mined so as to become close to t‘ne conductance value cbtamcd from measurcd
values : : S il Tl g sty
' In conductanCe was’ cbserved in’ the total conductance Isocontours

e
L

N

Furthcrmore, the- -



g "11‘1_?.2.= _Ré_s_ms of Geophysial Analysis

l!I "l Computatlon ol‘ Gcophysxcal Pammctcrs RS -
Geophysncal parameters weie computed in accordancc with the method de-
- ‘scribed m ‘the precedmg sectlon, 1e method for analy31s by MT method, The
'-obtamed results are md:cated in ‘the results of ‘computation ‘of geophysical
"parqmeters n the appendices in-the form as output out of a computer. They
s are: arranged l"or eacl) soundmg pomt and are descnbed as fo]lows

L Tavie 1
" “Table’

L -’.'Table?_- :

. Table,
o ablef‘-
‘--Table!-

-~ ,-c_\i tn ".n RAIENY

3'Typ;nal resuit of tipper anialysis

Typlcal snmple coherency of magnetxc fxeld Typica} upper ccherency _

5 Typical plottmg of tnpper magmtudc ¥s., permd
' Typlcal plottmg of tlpper strike ¥s. penod

'l‘ypical plottmg of {lppers phase. vs, penod

- ’fypical result of zmpedance tensor analysns

3 _-Typical r.-lottm;_, of apparent res:stmty s, penod
,‘_Table" 8

i Table: 9. -

Typlcal piottmg of phase Vs, penod

. I‘ypxcal plotnng of rotatmg angle v penod

S ,':(All of plottmgs are. with error bar md:cahons)

~ 15 -
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- Tabie 7 “Typical plotting of appaient resistivity vs. period
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11122 Drawmgs Jndacahn‘:_ R ults s ; .
Apparent resnstwity 1socontours at’ three “frequ _ncy “(period) lweis were. oo s
. :drawn up as dmwmgs mdxcatmg results ol‘ geophysncal axaalysns Thusc Jsocon- ‘.f
tours were produced by drawing iso apparcnt rcs;stwlty lines on topograplncal L
“maps withi ithe: apparent - mslsuvity values. obtalied: at vaned freqncncy leVels ..
_;-from the app-\rem rcsnstmty curves (soundmg curves) obtamed 'at soundmg pomts

(1) Appa're'nt resistwgty 13000|1tour. frequcncy 875 Hz (Fag l) EE R
This" isocontour niakes use of apparent resistwnty Values at a r»latWely o
hlgh frequency level obtamed by CSAMT method Bemg of high l‘requency:‘. L
’"-'level means that thls lsocontour mdlcates the dlstnbuuon of - apparent L
resistivity. va}ues at’ 1elatively shatlow depths (Up to; 600 meters at average).’ "
“This isocontour! mdxcates abnormal conductance at’ four placcs, that is,
_ wcnnty ‘of sounding points 0-1; place that surrounds 2 2 }05‘ 109 T
vicinity of 2-7; and vicinity. of 119. '}he resnstmty is hlgh 3n the mawrlty
of western part, ccntra! part and southem part : SRR -
(2) 'Appqrent resnsnwty isocontour,; peuod bl 1304 secounds (Fig 2)
~This apparent remstwity 1socontours md:cates dlstnbutxon of the apparent B
: resmtmty valucs along the main direction obtamed by the rotahon of the
- coordinates axis in the MT method The central area- that surrounds scund-'
ing pomts 2--2; 106, 109 and 110 111d|cates a major abnormahty biicons -
duclance. ln the eastern part, the arca that surrounds sounding pomts 4— S -
3-6, 112, 118 and 119 is also a.zone of malor abnormahty in conduct- )
ance. S . . -

{3 Apparent resnstmty contour penod 39. 384 seconds (Fig. 3)

This isocontour was also drawn up in a manner that is equal to that .
of Fig. 2. However, it mdtcates distribution of apparent resmtwity at a
very deep depth because of use of apparent rcs:stmty va!ues ata pcmod '
of 39.384 seconds :

When a comparison is made with the results obtaaned in. 1983 1t 1s
Jearned that the area of abnormal conductance at the central part has
become slightly small and that the area of abnormal conductance .in the
eastern part has considerably become large. ' '
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:,"::11313 Results of OneaDimensuonal Analysns o

:_3‘;1113 | One- Dnnens;onal Model nalys1s
The undcrground iaycr modcls ‘for thls survcy were dctemnncd as shown
L in the computcr output forms “of results of depth analysxs attached to the end
. of tlns report, They arc arranged for each sounding pomt. _
: The detaals of the matters indtcated in the attached computer output |
l‘orms showmg the resuits of analysrs aré as follows o - '
~ Table 10 Typical sne-dimensional model analysis _
a) -,"-Plotting of measurecl apparent res:stivaty Vs, pcnod (with eIror: bar ne
_".'dicatlon) after rotation of cootdinates system
,b')' -"Apparent resistmty CUrve computed bascd on the d1slnbutlon of re-
_ e sustmty obtamed through one- dlmensmnal model analysns
c) Total conductance value ~ | o
“- d)’ . .sttribuiion of resxstmty obtamed throngh one-dm'sensxonal model analysns
Tab}e 1} Typ:cal Yist of vaiues of otie- dimensional model analysns :
‘e)y List of values of b) mentioned above
f) L:st of values of a) mentxoned above

_ ’I‘here are cases where a) and b) mentloned above are not wcll matched
m a portmn where the penod is large (vicinity of T = 100 seconds). It 13 because
dlstnbutzon of res:stmty at dcep depths (40 to 60 km) was not taken into
: account. :

Y
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- ‘]ll32 hlectncal C!assn[:cataon of Layers

S -.»;"Next c}asslfication of layers x’va; made usmg eleg:tr;c;al synthet:c laycrs over*’
the eritxre survey -aféa: bascd on the‘ results ot‘ one dlm"ﬂsmnal analys;s at edch o
-of the soundmg pomts mc.utioned earl;er The res}stiwty vatue of: each lay¢r B i
"'was repnesentcd by ihe mean value of fes;shwty obtamed through one-d;mensional
' -*_anaiyms for each point C!assmcation was made to the followmg four co,' bma- R
tions from thc results of measurements at 53 soundiug pomts m tothl includs

“tanee, SRS SR
. Flrst cgmbmatlon . f ! : - A o R
Thas ‘combination s composed ol‘ thc followmg 7 soundmg points at which‘ T
: the totai conductance value is up to 50 mho. . oin :
:Sounding points: 1-3, 2—-0 3-0, 3-4, 4 2, 101 and“ws

Mean reslstmty value [ COrrespondmg Iayer nam'
2170,0 nm'» e “Ral
S 1 F T ' ca .
-_.2370’0',_._. R L : Rb] '-"
70 o Rel
L
S D S Foundatlon '

The foundatnon is of extremely hngh remstmty Symbol R mdxcates a
layer of relatively h:gh resnshvnty and symbol C indicates a bed of lngh con-
ductance. : : :

Second combination : _

_ This combination is composed of the following 12 sounding pomts at
which the total conductance value is over. 50 to 100 mho, - T

Sounding points: 0 l 0-2, 1-1, 1=2, 2—-4, 2-5, 26, 3~ l 4 0

, 102 and 111}
Mean resistivity value - Comresponding bed name
533.0 &'m R Ra 2
3.0 : B : Ca
618.0 - | - Rb2
4250.0 _ , o - Re 2

- 35.0 : Ce 2
' ‘ Foundation

'...'.' 30 ~



Thlrd co;nbma,uon ‘ col
o This wmbmanon is located on®. the West sude of soundmg point 112'and
' mcludés soundmg polnts ‘o total conduetance value -of -over 100 mho.
T}us"- dmbmation is compos»d of the io]lowmg 23 sounding pomts

'SOundmg pomts -0'3 I-—-O.i 4 e l 6 <7, 21, 22, 23,
L2, 322 ~3,3-5, 4-3- 2,43,4 103 104,
;;g,q'_s,;fjigfcs 107 109 andllO
Mean res:stmty value R - Corrcspond:ng bag name
Lo 5650 am, e e Ra3
8580 e Rb 3
Ry 50 Cb
39610 Re3d
290 Ce3
- 'Foundation

o There occasmnally are - cases where base Ce 3 1s of an extremely large
o .f_f-thxckness - - :
l“ourth combmauon S ‘
__ This combmauon is composed of 11 soundmg pomts of total conductance.
value of over 100 mho. This comhmanon mc!udcs sounding point 112 and measur-
3 ing pomts IOCated on its east snde

T Measurin pointé: 36, 455, 112, 113, 114, 115, 116, 117, 118, 19

wnd 120
Mean res'sm“y value | . Corresponding bag name
1300‘Qm _ ’. | - nil 0
30"‘ S - I
IR % ¢ R Rb4
| ., 56870 o,
e | F‘oundatlon _

“The foundation is not ‘of ‘50 h:gh res1st1vrty, “and base Cc 4 is of a very

o large thlckness



ll]33 _Drawmgs mdrcating results of one drmensronat analysls

I o:‘rdw:tancu_lsce= ‘ ntour (Frg_rt) :

(‘ )y Totht

This drawmg Was drawn based on he; total of conductance i each

l‘}layer of‘ _the electrrcal f‘oundatron :

flayer obtained through onc dlmensnonal ,modei analysis mentroned earIicr,":""“f. - e
The total conductance is what was obtamed with the Re? layer or the upper: e

| ""(2‘) Structure rsocontours f'for_.the_top of conductive formation (shallow part,'i . ;

s ;,:rand deep part) (Fig. 5, Fig. 6).

Structure 1socontours for the top of conductrve formatron for the shallow e

, part and deep part were. drawn up hke in the prevroi.ls year Structure,
' 1socontour for the iop of condiictive formation for. thc shailow part (Fig.

5 is- what mdicates the boundary plane of Ra layer bottom and Cal

-layer (3 Q m) from fhe sea level. Structure 190contour for the top. of

‘conductrve formatton for the deep part . (Fig 6) :s whaf draws tite top :

gof the CbI Iaycr (s Q- m)

:'(3)"' Isopachs ot‘ the ﬁrgh rcsmtmty overhurden {F:g 73 R
This drawmg indicates cimnges m the thrckuess of the overhurden of
high res:stmty that covcrs conductwe layer Cb‘ (It was considered

that the thickness of the Ca layer can be rgnored because rt rs thmner than |

: the Cb la}’el’) t - . r. o C _Er;i:.\.! pelics "15%5

(4 _Electncal foundatton drawmg (Figy 8) T I L R TS

- This- drawing mdrcates the depth from the sea level of the 1ower part"

of ‘conductive layer Cb. Accordmg to the result of thxs survey there are

cases where the resrstimy vakue of the electncal foundation is not large '

111.3.4  Resuits of Anaiysts R .
- Two major conductive layers were- mdrcated in the survey area as a result
of one-diménsional qnalysrs One is the Ca layer {mean resrstwlty 3 Q-m) located

in a shallow part, and another is the Cb tayer (mean resrstmty 5 S2-m) tocated i

- in & deeper part,

Two places with abnonnal conductrwty can be observed in the total con- -

' ductance isocontour, One is located in the central part that’ includes’ sounding

_points 2—1, 2~27and 103, and énuther is located. in the south-eastern part .
that includes sounding pomts 3-6, 4--5, ii2 and !13 The expanston of the -
place with abnormal conductance is the south-castern part was- clarified as a_

result of this survey, and 1t was found out to be of a consrderably large area
size.
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The mchded axas shown m the slructure ISOCOTltOUI' {or tht, top of conduc:’
twe formatuon (deep part) and ‘this. blace where total coitdiictance is abnormal are

L ‘_almost match.: Furthbrmora, they arc 4lso matched with- the. inclined axis of the
) ‘1_":'_0130{1“1031 foundatxon It has ‘become apparent, therefore, that a thickconductive
) f‘_'layer is located On top of the ra:sed electncal foundatnon and that ‘it Indicates

/"‘,.' !

bnormql conductmty L
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2 Ret:t)lts of two dtmensional modelf nalysisiof - {we
"efs_c_t =-‘-a'te f'_shotaé'n“ t_n}': Fig:.:9 ;a‘ﬁugtﬁjﬁg;*}.t(‘t_ 2:_r:'¢$pe¢!'ivelyi

: ?-and'
_two secttons make mterscctlon almost vert:cally to each other.“,

Symbol ¥ uscd m the results of two-(llmensmml model analysns means a :

_fracture zone and 1t indicates a narrow and sman form of very hlgh conductance ‘
. Its res;stmty valiie Was assumed as 1 S‘Z m herc : AP : e

- .Scctton 1-84 {Flg 9)

: Four new layers Cb-by, Cb-bs, Cb b3 and Cb b,; are reqmred bes;des ]ayer S
Cb-b having a resistivity value that s same as what was indicated i the report of -

: thc pnmary mvestigatton, and the rarige. of their resustmty values is 26 to 36 Q-m

As for the range of hlgh resistivity, the remstmty values wh:ch are same as’

those of the last time were used for. laycrs Ra Rb, Rc. Ra-b and: Ra—a (tt is’ same .
as Ra-a mentioned carlier). ' : ' _

Additional layer Ra-a,, which is of a resnstavity that is. sllghtly hngher than .
that of Ra-a;, was necessary to match the total conductance value. -

"Use of many addtttonal layers appears to be in conﬂlct with the conceptton
of standard colurnar sectiors of four types deseribed in section 3 of this chapter
But standard columnar sections were determmed based on one dlmenswnal hy-

' pothesis, and these layers have become necessary in order. to cause the measurcd-
values to match the computed values of conductance using two- dimenswnal fnodels,

Section 1-84 indicates that soundmg point 2-2 is located almost at the center
of a thick conductive layer (a relative narrow zone of about 400 to 500 meters

“of high resistivity is located in if). Furthermore, a very thick surface soil layer
(Ra layer) has developed on the west side of sounding pomt -2 and on the east
side of soundmg point 3-2.

Section 2-84 (Fig. 10) ‘ :
* Yery good match is also observed in this section between the measured values

and computed vatues of conductance like in section 1-84 mentioned earlier. Sound-
ing point 2-2 is located almost at the centcr of a thick conductive layer located
 at the depths of 1 to 3 ktlometers It is learned that the conductive layer that
is located along this section is cons;derably larger than that is located along sec-’ '

tion 1-84.
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w. SUMMARY

T wo areas wlnch are regarded as promlsmg geothermal zones which ¢an be re-

L commended as the pomts of excavation can be indicated in the San Kampaeng survey
“area based on :various: lsocomours obtained earlier and two two-dimenstond! models.

_These two mterestmg ‘Wredas may be dcc:ded as they are drawn with 200 mho con- _
tour-lines in the total - conductance 1socontours The following three promising ex-
‘cavation pomts can. be recommended in these two areas. : -

i) Soundmg pomt 2.2 : -
Soundmg point 2-2 is Jocated in the central part with abnormal conductaucc
that mcludes soundmg points 2-1, 2~2, and 103. This abnormal part is slightly
..'long along thé axis in 'NW-SE. direct:on (Roth of the two two-dimensional
sections mdlcate that this sounding point is located about at the center of the con-
_ ductwe layer and that the conductive layer is as thick as about 2,000 meters. It
s conszdered that the possibility of appearance of a good fracture is very high in
such a tlmk laycr

i) Soundmg pomt 4.-5 _
The abnormat part in the eastern part IS partncularly attractwe because its scale

is large. and 1t is estimated that soundmg pomt 4.-5 is a promising excavation
peint. o :

This soundmg point is located in a zone where the local geological conditions

" are equal to what are observed at sounding point 2-2 (high total conductance
value, along the inclined axis of electrical fou_ndatio'n and thick conductive layer),
‘This sounding point, therefore, can probably be recommended as a promising ex-
cavation point dué; to the same reasons. '

m) Sounding point 112 :
_Sounding point 112 located on the north side of the abnormal conductance
. area in the eastern part indicates that there is a deep but very thick conductive layer.
This soundin'g point; hbwever, is rel'a'tively isolated. If additional measurements are
taken at a number of points in the vicinity of this sounding point, it will become
_clear . whether a thick conductive layer can be expécted in the shallow part of
the v;cmity of this abnormal conductance area or not.
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