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Appendix

A1 Measurement of Sonic Yelocily

ALY Instrament
New Sonic Viewer, Model-5217, OYO corporation.

A.1.2 Method of Measuring Sonic Velocity

A piece is held between a pair of vibrators and a travelling time of wave from one end of
vibrator to another through a pjece of sample is reeorded (see Fip. A-1-1). Travelling time
read from CRT is divided by a length of sample to obtain the velocily. A piece of sample js -
one which s used for measureinént of apparent resistivily. Samples are dried in a room
condition. '

display R: 3
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NEW SONIC VIEWER
Model - 5217

Fig. A—1—1 Schematie diagram for measuring sonie \;eloeity

The results are shown in Table A-1-! and compiled in Table A-1-2 with respect to
lithological units.

A2 Heal Flow Sumvey

A2.1 Methods of Temperature Measurement
(}) Muliisensor logging
The system consists 6f multiple thenmistors mounted on cables at 10 m intervals.

The cables are inserted into a hole and after waiting more {than 30 minutes when the
eflect of disturbance due (o insertion ceased, the readings are taken from every 10 m spaced
thermistor. Then the cables are pulled up by 5 meters and, after more than 20 minutes, the
readings are made. Thus the system gives the readings of every Tive meters.

(2) Normallopzing
A standardized method of temperalure logeing is (0 move a thermal electrode at a
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Table A—1-1

Results of measurement of senic velecitly (m sec)

Sal"gplc' Rock name P-w::lcocily Sal";;.ple Rock name P—*::!eocily
?:-‘ CGranodiorite 5160 l TM-27 ]Granodiorite 5050
P-3 Dacitic welded tuff L1880 TM-31 [Andesite 6140
:l-"5 Andesitic vitric tuff 2,450 TM-35 lAndesitic tuff 2550
F-8 Basaltic tuff breccia 2,250 TM~40 |Dacite 2170
Fo Aplite 5640 TM-44 |Andesitic 1ulf 3260
p-1q  [Quariz diorite 1500  JTM-45 |Pyroxene zndesite 4,270
F-21 Dacite 4290 TM- 46 |Sandstone 4710
F-23 Rhyolile 3810 TM-;? Dacitic tufl 2,120
P-25 |Dacite 3320 T™- 48 g;f;;g‘in;:ile 1770
F-26 |Granodiocite 4580  [[TM-50 |Rhyolite 2500 -
F-217 Aplite 4,840 TM-52 |Andesite 5080
F-28 Horafels 6730 TM-53 |[Rhyotite 3360
P-31 Dacitic lapilthi teff 6290 TM-55 [Dacitic wfi 6060
F-32 Andesite 4,820 TM-57 {Dacite 6450
F-33  [Rdesiiie tuffaceous 6320 T™-59 |Sandsione 5420
F-40 |Andesitic sandy tuff 5680 TM-64 |Pyroxene andesite 4,740
F-41 Andesite 2.97¢0 TM-66 [Horafels 6,030
F-41-2 ﬁ:‘-f::ii;“ taff 2140 TM-68 |Andesite 6.330
F-43 P}rr‘o-x-en ‘andesite 4630 TM-69 |Pyroxene andesite 58390
F-44-2|Pacite 3400 TM-71 {Augite andesite 6390
pras |Ategitic toe Dacitie tut st10
F-48 Dacitic sandy tufé 2,440 Andesite 4630
lE“—GO Dacitic vitric tuff L740 Dacite 3070
F-160 lAadesite 4,880 Dacite 2130
T™-6. Dacitic telf 5330 Pyroxene andesite 6030
TM-11 |OGranodiorite 4,760 Pyroxene andesite 4,000
TM-13 |Rhyolitic tuff 26490 Pytoxene aadesile 4810
TM-15 - Dacite ( Perlite } 2.4 80 Telfaceous sandstone 6260
IM-~16 }Grancdiorite 6810 Sandstone 3.72¢
TM-23 [Dacite 2600 Sandstone 5110




Table A—3—2 Resulls of measuremenl of sonic velocily { m.“sec)

( the mean value of rock facies & geological —ni1 )

Qzologicsl [l of Arerage Maximum Minimum
Rock facies
wnit samples | R. 1. Gu. R.I.W Qe R1.] Qu.
Rbyolite 4 3014 3810 2372
Pacite i1 2883 (4290 2169
V-2 2960 $290 2169
Dacitic 1uff breccial(l) - - - -
Dacitic tulf brecciaf?) 1 2640 — —
Pumice 1uff v — — — —
Welded tuif 2 47155 5330 4180
Andesitic 1uff breccia ¥-1 2 2195 4129 225016390121 40]11.740
Scoria tuff 4 2525 32690 1,740
Aadesile 7 5420 6390 4000
Andesile 5 4316 5080 {2970
T 4164 5680 1390
Andesilic tulf breccia 2 3785 15680 1890
Sandstone, Mudstoce 2 4510 5110 4710
J-3 3572
Tuff 3 2680 3410 2140
Saondstone | 3,720 - - -
3-2 _ _
Limestone P | - - 4863 - — -
Saadstone, Mudstone
(Basal1) 3 6000 6320 5420
Andesile, Basalt 3-1 2 4850 5813 |4.880 16450} 4820]4820
Pyrsoclaslic rocks 3 6267 6450 6060
Granodiorite 5 5212 68190 1580
Metamorphic rocks B 2 6330 5511 6730168106030 ]4580
Aplite 2 5240 5640 4840
Andesite dyke i 6,330 - -
Basalt dyke D - - 52006 - 147270 - $500
QOsanodiofrite gorphysy 2 4635 4770 4,500
Total 64

R.f. : Rock t:acies

Q.u. : Qeological unit




tate of 5 to 10 mfmin by means of an electric winch.

The time intesvals of measurement are sef logarithmically after the completion of
drilting.

A.22 Instruments
(1} Multi-sensor logzing

Thermometer: ‘Thermistor Thermometer D-221
Range 0-999°C
Sensitivity  0.1°C
TAKARA INDUSTRY Co., Ltd.

Seasor-Cable: PXA-64, 210 m, with 10 m spacing sensors
Operating Temperatuze  80°C, max.

- TAKARA INDUSTRY Co., Ltd.

{2) Wormallegging
Thermometer: Thermistor Thermometer D-111
Range 0-199$°C
Sensitivity  0.1°C
wilh a compensating circuil of cable resistivity
TAKARA INDUSTRY Co_, itd.

Recordeér: Automalic thee-penrecorder KER-
KAIHATSU KOGYO Co_, Ltd.
Thesmistor: ¢45 mm-thesmistor
KAIHATSU KOGYO Co,, Ltd.
Winch: Electric Winch KEW-1,000
‘ KATHATSU KOGYOQ Co., Ltd.
‘Cable: ¢ 11 mm-beatproof Cable, 600 m

Operating Temperature: below 150°C
Temperature Eimitation: 200°C an insfant
KAIHATSU KOGYO Co., Lid.

A2.3 Results of Temperature Measurement
Temperature of § m-sections;  See Table A-2-3
Temperatore Log: See Fig. A-2-3

A.2.4 [Estimation of Equilibsium Temperatore

=‘ .9 dt
T=To—gx * ™33



Where: To : temperature before drilling

¢ : lossorgain of heat per unijt time and unit léngth

K : the thermal conductivity

dt  : atime difference belween completion of drilting and measurement

t : {he lime elapsed between passing a depth and completion of drilling

A.25 Estimaled Equilibrium Tempesature (by Argentine leam}
The Table A-2-2 shows the estimalion of equilibrium temperature over a ten-meler sec-
tion of each holes by Argentine team.

Table A-2-2  Estimated equilibrium temperatuse (by Argentine)

(Unit: °C)
Haole No. : -

Depth (o) i 9 10 i1 12 14
10 4.5 92 95 920
20 135 | 108 152 11.0 150
30 280 134 108 138 i3 16.8
40 34.2 130 1.7 123 TR 190
50 433 ER 113 130 1.2 202
50 49.5 185 | w9 1ns 114 215
70 500 188 109 | 5t 124 252
80 360 361 10.8 s 13.1 98
90 480 412 18 | 16 143 308
100 59.0 620 13- 95 148 37.0
110 69.0 o
120 770

Argentine pariners conducled a method applicable with repetitions of measurement tna
shorl time using a graph espeually prepared through their experiences.

A2.6 Geothermal Gradient _ _

The Table A-2-3 shows the geothermal gradients obtained by the calcutations from the
equilibrium temperature over a 5-m section. Calculation was made

1) in the ranges where the gradients remain rather stable i in the deplhs and

2) over a-lotal length drilied by the least squares me!hod

In the test, the former was adopled.

A.3 Electrical Frospecting

A3l Theory of Elecirical Prospecting

The Schlumberger array is an Jayout of electrodes to delermine the subsurface distribu-
tion of resistivily and comprises one pair of electrodes to introduce cument into the earth,



Table A—-2—1(i) Records

Hole Sa__ 1 __

of temperatvre logging

Coordinates § X 5939935

+ ¥ 1629353

E

levation

m
Date ; from 5/Dec./83 , to 33/ Dec./83 Depth, drilled 10100
Drilling Method i Rotary Bit size ;
Casing H Casing diameter |
Meauwemeot§  1si 2nd | 3rd | 4th | Sth | G1n 7th B1h Sth 10th | 151k
B Date 13.Dee] 13.Dec|14.Dec | 14Dce $15Dec] 16.Dce | 18.D0e|[19.Dee {20.Dce j27.D:c -_S-J&.n
fHiaur o'l u'e’ it s’ })‘G:IS-I-S' n%” | 073 5 W [ e W ae fe e s et
Weather fine fine | fine fine | eloudy| eloudy | fine fice fine fige fine
Depth {m) Temperalure (C)
0 | 213 [ 204 Jizs Jis9 144 [ 146 | 230 |162 |12z [1s0 |21s
5 138 131 130 125 124] 21 §21 521 120
10 f171 | 169 fies 162 | ts2|160 | ter |1ss [1ss |1s8 |1ss |
15 199 19.07 120 i88 189 1817 188 187 186
20 232 211 216 215 217 j217 201 216 214 216 216
25 2:;.9 | 245 245 247 247 247 247 246 241
39 262 271 274 274 27.7 | 278 219 (219 278 |2890 }281
35 292 3086 307 311 312 312 313 313 315
40 314 332 930 341 346 | 3412 38 339 350 352 153
. is5 357 376 3le 381 3s9] 391 393 395 3917
B 50 gz 413 M26 428 4§34 } 436 438 510 £13 445 446
55 413 456 | 159 412 176 478 422 136 491
60 411 T456 479 488 500 | 506 2z 915 519 524 527
65_ 430 182 433 506 51.2 514 516 521 524
70 344 442 Y17 £817 496 | 498 502 504 507 5190 s12
5 358 {66] 474 191 £93 194 1935 195 495
806G 236 289 34 3890 | 390 407 436 433 418 164
2s 270 _ 1317 L) Iy 146 l§_3' 4155 459] 463 168
90 297 334 M5 46.,5_ 469 469 471 172 473 174
95 366 460 166 . 478 18N 181 183 £23 841
100 103 492 55_.0 567 | 570 571 512 572 578 576

Note i Water Level : 2000" 14.Dec. 75~80m
1700" 24. Jan. 58m



Table A—2-1(

Records of temperature logging

Hole ta__ 2
Coosdinates 3 X 5940899 « Y 16272968 Etevation 3 m
Date ; from  5/D:¢/83 +» 10 20/Dec/83 Depth, drilled  j0200 m
Drilling Aethod 3 Rotary Bit size ;
Casing + Casing diameter
Mearsurement 1 st 23 | 312 P 61> Tth | Bh
Date 200ci} 20.Dec.| 20 Dee | 220cc.| 24.Dec.} 27.D¢e.| 1 Fen | 8 Jon.
Hour 2000 |g3:des zi'_ns'-,a_i’s; 150558 21201525 18 0d 15 +]1720,18 s 1 1603 10
Wealker fine fine. fine fice fice .| fize doﬂ.dy f_ine_
Depth () Tempera-lule ()
0 120 |1ss 146 163 . |197 zoes  |iss
5 156 117 93 —_sglﬂ sot] oestn) sst
10 210 Jaso  |oasM syl sie 106 10s |10z
‘s_._ 156 —_u; - 134 | 228} 12401y 1es(ray $93{14)
[ 20 221 [186  |[isots2)uasusB)eas  fues  [13s |ree
25 17s } 167 156 | 1soaey] 1500243 1sst2n] 135424)
30 232 128 |wrstzad)iesi2e3) 1 25 176 175 181
3s 199 | you | 1s0f 205tan)] 201(31)] 200{a8)] re6iai)
490 250 218 lrypasoylienraes) 214 220 221 226
45 231l 227 | p28 | 20000 220101)] 23s(s0)] BN
S0 268 Y240 215(435‘)233(;35') 211 247 259 2614
ss 267 | 268 | 212 | 25sisi)| 2ss(50)] 2s2is1)] 305
50 293|295 |asstss2)|oatssi} 205 208 [3ea  [330
65 319| 325 323 | azalss)] 323{61)] 332l61)] 352{si}
70 asy 381 bssss2)bsotessilzar s |30 i1
15 105 | 416 125 | adany] 034020)) 02{H) ns(n)J
80 317 120 uo{m;] 132{:52‘] $87 500 512 539
85 ~gaa | 129 | sos | seatsn)| seafsrf ssstea}] ss3(4)
90 it Isw  |s2ussayssilsa|s 6 598 623 626
95 s73 ) sos 631 [ta16(01}|re15{s5)} 655005} sr2{s1)
100 s50 (660 kstasz)bsrotesd)

Kote s Water Lexel I 10%2d 26.Jan. S6u




Table A—2—-16¢3 BRecords of tempesature togging

Hole M

3

Coordinates i X s942311

Y 1629191

Eievation ;

’ m
Dale:_ _hom 14/ Dce. /83 o 10 20/0ec./83 Depth, dritled 10100 m
Drilling Method Rotary - Bit size ;
Casing : €Casing diameley ;
Meaawemenl | 13t 253 3ed | tsib | 51 6 th 7 th 8 th
Date 20 Pee. | 200ce. | 20 Dec.] 22 Dce.| 24 Dec.k 22 0cc | 1- Jar. | 2 Jan.
Hour ad b hseihs s ithdohidathic a2 s 5615 o %3000
Wealhes fine fice fice fice fire fice cloady {| fire
Depth Grd — Temperature ()
1] 161 134 152 164 204 209 153 118
5 153 117 110 o) 53 8s 81 32
10 176 | 135 131 i21 4 _1-:—»3— 103 .-—;T o
15 176 136 132 122 116 110 105 104
20 150 | 184 132 i1 |i2s 1o 115 i3
25 180 151 148 140 134 129 126  p24
30 L85 159 154 118|112 181 137 136 T
35 125 151 ses | ss] us2 152 149 146 T
40 194 182 178 169 166 165 163 162
15 195 185 182 177 175 176 175 172
50 139 . |192 190 186 |18s 188|185 |i1se
55 201 201 200 197 ] 198 129 193 | 193
60 201 211 210 z1o0  |210 210 213|213
65 o6 | 221 | 222 =223} 225 | 226 | =226 224
190 206 232 23 237 233 242 243 242
75 212 241 2186 251 255 259 258 | 260
80 2y |257 260 266 lam 275 2176 f275
85 23z | 213 | 2%6 281 | 281 288
990 226 286 231 284 298
95 228 291 2904 300 302 305
100 248 | 307 319 312 o

-

Nole : Water Leve! = 9"2¢

26. Ja2a

. 4%=s




Table A—2—1(¥) Records of temperature logging

Hole M4
Coordinates ; X 594333t » Y 1630918 Blevation ; m
Date; from 21/0ce./83 , to Deptd, drilled 2450 m
Diitling Method:  Rotary Bil size s
Casing 3 Casing diameler ;
Meacwementf 1 st | 2cd | 3«4 11
Date 12Jan {13 Jae.| 16 Jsa] 1. Fen
tlous 185% | §1d8% :é’r!,nfuj 1528 L
Weather . fice fice fioe | fize
Depth {(m) Temperature {C)
0 118 123 2517 150
5 wat] SMOF] s24033] 62423
692 821 900 90.2{75]
15 sss{ung 722{1)] sar{ax 924000f
20 690 811 8569 9263133
25 23(24) e26i21)] 857
30 T
35
40
45
50 -
55 -
60
65
70
75
80
85 -
%0 't
95
160

Note s




Table A—-2—18) Records of temperalure logging

Hole a5
Coordinates ; X 5941627 » Y 1625808 Elevalion ; m
Date: from 9/ Jan /8% s 10 23/Fan 7814 Depth, deilled 10200 m
Diitting Method & Rotary Bit size s
Casing § Casing diameter ;
Meassrement 1 st 2 od 3 fré 1 i § s i.h 6 th
Date 23 Jany 24 Jan. 28; Jarn.] L. Feb.] 3 Mar| 7 May.
Hour 159 |8sda1s hSidad2fld el das | 154
Weaﬂ'}e:f fice | fice fize fine fine fine
Depih () . -Temperature (TC)
0 232 {131 - 152 123 153
5 155 128 T 122] 1y
. 7 120
19 254 177 B 1.46 135 R -
15 151 115 108 103
€ ; - 104
20 2$2 159 1 112 (175)
25 1614 119 112] 105 o
1163 120 |11 e
30 242 3 07 111 (215)
as 162 120 1z | ros
50 237 ’ i3 1105
t65 120 : (315)
45 164 129 113 105
3. . . 105
50 233 li60 322 116 (i75)
55 161 115 12} 223
- 131
60 216 | :g 153 148 (535}
85 208 166 rez | 1se
70 212 ; ‘ 161
198 156 176 {8151
75 205 196 196 197
3 209
80 270 226 219 (115 )
85 “243
20 28¢ l260 )
95 282
100 311 | a0s

Note 5



" Table A~2—1{yD Records of temperatluse logging

Hole Ka 6

Coordinates; X

5940904 »

Y 1621149

Elevalicn ;

Datei from 18/Jar /81  , o 21/Jan. /88 Depth, drilled 13000
Brilling Mctbod ; Rotary Bit sire s
Casing ; Casing diameter
Mezsvemenlf 150 | 2 o4 314 41b 5 1b
Date 22 Jan. | 23 Jaej 2& Jap. | 1Feb. | 3Mar.
Hour 915903 | S188|Sos.923 hiowinds] sizi
Weather fice fine fice fice fice _
Depth Gmd Temperature (GC) )
o 133 E$0 167 171
5 149 134 115 112
10 165 151 130 126 115{90]
15 175 160 1852|140
20 209 185 164 158 e 4{120)
25 T 201 1914 1718 124
30 211 200 188 188 127{e30) o
3s 216 211 203 201
40 227 223 218 214 209{33.0)
15 231 237 =237 236 _
50 253 251 253 |aistanifesatene)
55 263 267
60 278 278
6S 283 287
10 289 293
75 294 101
80 300 305
85 306 | -as2
90 Y F ] s
as 313 323
100
Notle  Water Level - 10°2% 25 Jae. {6S5n




Table A—2—1 {¥i) Records of temperature logging

tlole Ma_ 7
Coordinales 3 X 5939650 s ¥ 1526326 Elevation § m
Bate i from 12/ Jin /84 » 1o 16/ Jae /81 Depth, drifled 10500 m
Drilling Melhod 5 Rotary Bit size :
Casing ; Casing diameter
Measwement ] 8 st 2ed ] 3sd 41 i 5th §1d 7 ih 8 th
Date 16 JFaa.] 17 Jaa.| 48 Jan.| 20 Jaa. | 2% Faa.] L Feb.| 3Var. | $Mar.
Hour 1815 | 928550 [945.925 WO afednd3d3fndeshialnisf] 1733 Y2odssas
Weather fine fine fine | cloady fine fice fine fFire
Depth () Tempesalure (TC)
0 vis |12 150 21723 135 202 237 |126
5 148 105 (1)} 59 86 83
10 167 |19 107 97 92z &3 83 83
i5 122 109 10§ 94 3.3 R3
20 165 112 102 108 95 92 a7 83
25 114 101 s2 2] 84 19
B 30 180 121 100 0 85 83 19 18
35 a5 96 88 85 81 290
40 1522 115 98 20 85 | %3 80 20
45 115 1] 28 85 52 | 20 o
50 121 f1i3 a7 a1 | 9o 82 80 | g0 |
55 113 97 - 3 a8 25 &3
60 179 113 95 &7 88 84 81 £2
65 113 38 &8 28 £3 83
790 170 [tis ag £9 26 %3 82 £3
15 113 98 ap &6 £1
30 163 112 38 LT 93 85{?99’;
85 o 144 98 0 &9
ge 165 [122 98 91
95 525 102 a3
100 118|122 f1o2 | o
Rote : wWater Lesed I 1508 25, Jan.  300n




Table A—2—1 &B) Records of temperature logging

Hole M__ ¢

Coordinates 3 X 5910039 + Y 1832632 Elevation ; o

Date: from 26/ 523,781 . lo 27/Fcb /81 Depth, drilled 12000 m

Drillicg Method; Rotacy Bit size :

Casing & Casing diameler ;

Meavxement 1s1 2ad 3rd 4th 51 61k 7 b B th
Date 4Feb. 6Mar, 6Mar, ’I}[ar, 9VMar, 12Mar, | 15Nar. | 20Mar,
Hour Sne] 925 prmhdpllifapoinor) a5 {9 os wrfiensi

Weather ‘ clopdy § {ine fice fiase fise fice fine {ice
Depth Temperature (T)
0 -06 | 343 |87 207 283 210 100
5 145 3153 116 | 103 170 92 3
10 158 160 |15z |130  [izat oDhsx 9Shool o5% as( 95y
is 175 151 129 123 110 105 108
20 Ligt 154 | 114 130 [ 5] 195032 1958105{ 1957 10.06{ 195)
25 181 138 122 112 128 101 937
30 183 | 138 120 s 2955122 295%100{ 23597 91{ 235)
35 177 133 121 1 120 98 165
410 1is 137 |32 124 (1 395018 35E100 PSH10H B
45 174 135 132 113 | 154 102 99
50 172 136 137 184 [1ef a5 u0 4l £3sEea0f 435 a g 495#
55 175 145 163 128 i14 107 104
60 186 150 | 169 zos  7sf 52501350 5958130 595813 2 5953
65 215 200 z42 211 190 21s | 202
70 216 121 | 228 278 [Z8 035 7a 4] 05 79l 69.5:284{ €69 5N
5 287 211 306 209 310 343 318
80 307 219 | zo9 331 D6l 79930 7952387 TSEIM 7957
85 3y 321 384 31 385 145 159
90 361 250 {an 380 |43 oss0l 35129 83951 20 595
95 433 111 518 505 s15 565 570
100 551 325 |soo 573 [0A 929500 92 610{ $2syen] %353
105 538 617 __a? 610 651 658
110 329 | 564 687 931005 £330098) 62601995069 001co.5]
115 B 613 708 701 725 730 732
120 tos |e20  J73s  mamssgechissgsiniasiissiiesy

Nete ;




Table A—2—-1{iX) Records of lemperalure logging

Hole Mo__ 10
Coordinales; X 5937650 , Y 1628599 Elevation § m
Date: from 6/7Ape. /81 s 0o 9/ Apr. /8% Depih, dritled 10260 m
Dritling Method ;3 Rotary Bit size; 5°F inches
Casing o Casing diameler ;
Mesuremcotf] 85t | 2ad | 36| 400 | s [ 6 | 70} s | 26
ﬁa(e 9Aps, | oApe. | SApe. | 9Ap | 00Asn | 1aAp | 12400 | v dApe | 37850
Hour 155 | s | ofss  ferssefi0)105,1053) 1603, 07051600, 1620 [1100, 107 1620, 165
“’ealber fice fine
Depth (md Témpelaiu_re ('C)
0 126 s43 130 |02 02 105 173 ‘83 90
5 119 104 13 1 o 23 92
10 153 | 132 125 | 120 101 a4 93 85 &7
15 124 103 92 9n 23 Y]
20 154 149 115 | 139 104 9.4 a1 2.4 81
25 : 138 109 56 93 93 es| |
30 154 118 1£3 [139 110 98 21 94 &7
35 136 e 937 93 93 87
40 151 111 140 b1z 113 98 98 | 92 &7
45 150 116 101 o6 95 93
50 153 147 143 J110 116 102 98 95 a2
55 135 115 102 97 102 a2
60 155 . ] is9 14 | 140 146 104 29 105 o4
65 . 138 116 104 102 105 of
70 1ss | 1es | 1ee Ja3s . Juis 105 103 107 LT
75 140 tis| 1es 104 110 102
80 156 149 1es J1io 1138 108 105 112 103
.85 - 13| nief 109 106 | 1es| 102
a0 159 154 112 |1sz |ns 109 £06 110 o3 |
as 143 19 1 | ros 199 V07
100 150 155 148 |43 |ris 1 109 109 101

Note s * Waler Level - 207457 9. Ape. 20m

£33

16° 20"

12. Age. 10




Table A--2—31 (X} Records of tempeéralure logging

E2

12° 10" 33. Mac.

15a

flole M_ 11

Coordinates s X 6938203 » Y 163070% Elevation o m

Dale; from 23/Mar, /81 , to 21./Mar /84 Depth, drifted 1020 m

Drilling Method i Rotary Bil size ; 57 inches

Casiog Casing Jiameter ;

Mesgemeot] 150 | 264 | 3ca | e | 500 | 68 § 700 | 8a? 9 @f 100
Dale 2IMa | 27Mar. | 29Mai. | 27N ;;ya. 27Mar. | 28Nar. | 30Nar. | 31Mar | 12Mar,
Hour 1955 | W M55 | 20 | 2755 73’53 ||f34.|f5:n|f23.1($311‘50.12‘10 1710, 15

Weatker fice
Pepth (m) Temperatuse (C)
1) 131 101 105 86 80 67 62 ‘34 54 142
5 120 100 93| 88
10 206 202 198 183 168 3160 ] 115 a5 ‘85 7
15 134 jo9 a0 ] 190
B 29 208 201 205 199 195 —ls.s 130 103 78 74
25 " ios 1.7 661 64
30 208 201 194 181 175 171 | 184 &3 24 €8
as 114 87 76| 69
19 201 190 184 172 165 159 |12 86 12 66
45 1511 84 70] &4
50 201 557 121 179 171 163 | 112 86 72 67
55 $11 88 73] &7
60 208 | 200 190 174 | 164 158 | t11 88 72 68
65 20 15 7] 66
70 209 203 125 377 166 | 157 | 108 88 11 74
75 14 a4 83 8o
80 213 208 203 191 183 174 | 124 103 93 20
85 : 126] - 108| 100] 98
90 TH 186 178 156 159 153 | 320 109
95 122 113
100 210 195 185 365 155 17119 113
Note 3 %  Wirter BevelZ 14°5¢" 30, Mar, 0=



Table A—2--1{Xi} Records of

lempesature logging

Hole Ma i2

Cootdinate_s i X 5946265 » Y 1628031 Etevation ; 209691 1m

Date ; from 25/4an /84 » to 6/Mau_ /84 Depth, dritled 10109 m

Drilling Metbod § Rotary Bil sizes 5% jaches

Casing 3 3 Casing diameters :

Measement | 28 3 1d 41k 5 th 6 1k 71 g1» LY 10 12
Date $6Mas, | 16Mai IGM:-(. 36Nar, | 22Mar | 19Ner, | 22Mar, | 30Mar. § 31y,
Hoor in'so 175 3350 PS5 10, 111135, 855 lS'ﬁf.'.lfmls'sf),tfw 1714,159]

Weather
Bepth Gr) " Temperature (TC)
¢ 79 ' 67 73 o1 |22 102 227 " 19s| 6o 1)
5 105 a6 o8] 93 as| se
10 106 105 105 | 104 100 97 93] 102 87
15 “108] sos| 1011017 s2| o3
20 11 114 111 {110 109 103 oo o4 97
25 izl 109 105 | 102 a9 | es
30 112 113 113 {113 110 106 106 ] 100 103
35 113 110 107 | 109 105] 103
40 112 1.1 e {1 119 107 105 ] 107
45 110 109 107 § 105 ]
50 113 152 mz ez 10 108 108
55 13 1s5] Frafing
60 114 114 (TR BN ] 11.7 1n3 16
65 117 120 116 | 120
0 119 120 120 | 120 123 120 122
75 s272f 128 129 | 128
80 128 128 128 | 129 132 123 132
85 - 133 iss| 13s Jass
90 130 132 134 | 13s 127 138
95 317 141 143
100 133 136 138 | 139 14 116

Nole 3



Table A-2 -1 {x1)

Records of lemperature logging

Hole HKa_ 14

Cooidinates : X s Y Btevalion m

Date i from 15/Msr, /84 s lo 20Ny /84 Depth, drilled 1010 m

Dritling Method i Rotary Bil size; 5°F inches

Casing : Casicg diameles §

Mexurement{| a1 2 nd 3 cd FRTY 5 1k 61k 70 s | ow [r0n
Date 20Mar| 20N | 20Mar, § 20Mar | 20Mar. | 23Nar, | 22Mar, Z4Mar, 26!-!:1_ 5Aps.
Hour En | itn | £» 1930 |ods0, 275733, 1800 1000, 16721 J oo, 1172501500, 170 1055, 10°sS)

Weather fine
Depth () Temperature (C)
o 152 219 223 161 | 107 215 99 15 102 | 98(0)
5 - 133 104 o1 ] s 92 25 91
i0 207 198 168 163 | 137 119 118 128 103 | 93{ 718
15 173 126 125 ] 156 (PRI ‘P(l?ﬂ -1 ]
20 206 196 1990 181 178 139 134 143 119 | a5
183 3146 1¢1| 158 127 rﬁ?e.'-)rlzo
210 204 201 F 196 yoa | rss 150 1723 142 | 36tr s
1s5 b 164| seoluez Jisa  ksus
233 210 266 205 {202 175 | 171 202 165 | 1590375
S 215 195 104 | 209 183 fizsd
231 230 225 222 | 220 210 206 226 200 18 ier s
218 206 201 220 213 [s290206
60 221 225 225 225 | 225 221 221 253 229 |zusiszs
65 232 233 235 | 272 243 “
10 227 2313 236 231 |20 245 212
75 251 261 262 i
g0 234 244 250 259 | 269 219 279
85 - 263 29s5{ 1300 |
90 239 257 265 269 |27 322 218
95 ot | 333 2a4
100 23s | 268 | 224 205 f3as 360 | 36z :

Note



Table A-2-3  Calculated geothermal gradients

‘ Case 1 Case 2
Hole No. | Geotizérnial gradient | Range of calcutation | Geothermal pradient ) Ranpe of calculation
© {x107* “Cfem) {m) (x107 °Cfem) (m)
| 53 5-100 53 $-100
2 e 74-100 73 5-100
3 18 80-100 2 5-100
4 - - - -
5 42 76100 26 5-100
6 i6 55-95 28 5-95
7 0.2 ~ 55-100 0.t 5-100
% 69 90-120 8.1 5-120
10 03 70-100 ' 03 5-100
11 14 65-100 - 08 5-100
12 09 - 45-100 0.7 5100
- 14 . 43 . . 70-10Q - .32 5-100
Average 353 308

and the other pair of electrodes o measure the polential difference associated with the
current. Both sets of electrodes are faid cut along a line and the current electrodes are placed
on the ouiside of the potential electrodes, symmelrically around the central point which is
often designated as the station. (See Fig. A-3-1)

I teurrent

b
-

o
W

V -3 polential difference
AsB ! curreat elecisode
M,N: potential electrode

4m o

:station

0

Fig. A—3—1 Schliumberger eleckrode array

In an isotropic homogeneous medinm, the resistivity p is given as

Y | I 1.1
22— _ e — == ¥ —
p =0T G B AN BN

N
&
=
Z
—|

where: . a cusrent introduced bebween two elecirodes A and B,
- a potential difference belween two electrodes M and N

1
v .
AM, BM, AN, AB, MN : the distances of corresponding elecirodes.



B the subsusface consists of layers separated by the horizontal interfaces and if the
separations of elecifodes are increased in a systematic manner, the change in the resistivity
as defined in the equation makes it possible to determine the variation of resistivity with
depth. The value of resistivity obtained from the equation is now designated as the apparent
sesistivity p,

‘The apparent resislivity is plotted versus the electrode separation on a logasithmic scale,
and the resulting curves are called as the Vertical Electric Sounding cuives. By analysing
these cwrves, a vertical distribulion of the resistivity in the subsurface can be determined.

A32 Method of Electrical Prospecting ‘

In the field, the distance of potential electrodes is fixed and the distance of current
electrodes is increased, the latter being five times bigger than the fosmer (ABZ= 5MN).When
the current electrodes spacing becomes some 30 fimes bigger than that of potential elec-
trodes, the potlential difference becomes smaller and a measurement error becomes larger.
Then, the distance of potential electrodes is expanded and the measuréments are repeatedly
made within a rangs where the relation of spacing AB>3MN is maintained o the maximum

separation of ¢urrent electrodes. The combinalions of electrode spacings is shown in Table
A3-1.

Table A-3-1  Schlumberger electiode spacing

ABJ2 (m) MNS2 (m) - ABR2 (m) MNJ2 ()
H 10 4 15 250 20
2 15 4 16 300 20
3 20 4 17 400 20
4 30 4 I8 400 100
5 40 4 19 500 20
6 50 4 0 500 100
7 60 -4 n 600 100
8 50 4 22 750 100
9 50 20 73 1000 100
10 100 4 2 1250 100
1 100 20 25 1500 100
12 130 20 26 1750 100
13 160 20 27 2000 100
14 200 20 © 100

To minimize an effect of potarization potential induced by the introduction of direct
cursent, the multi pulse of transmitied current was selected, as shown in Fig. A-3-2. The
ontime and ofl-time of curreny are set al four seconds undes the measurements up to 600 m

of the spacing of current electrodes and at eight seconds under the measurements [ rom $00
to 4,000 m of spacing.
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Fig. A—~3—-2 Current -wave of btransmiller

The received vollages are continuously recorded, alter a compensation of self-potential,
by an analogue recorder of automatic balancing {ype.
Stainless slakes of 10 mm in diameter were used for the current electrodes and porous-

pots with copper and solution of ¢opper sulphate were used as the non-polarizing electrodes
of receiverside.

A33 Instruments
Transmitter : Time Domain IP Transmitter, Model CH-83310A
CHIBA ELECTRIC RESEARCH Lté.
Receiver : Receiver Model EPR-200A
TOA ELECTRONICS Lud.
Generalor  : 2.5KVA generator
SCINTREX Co., Led.

A.34 Analysis of Electrical Prospecting
A flow chart of analyses §s shown in Fig. A-3-3.

(1) Terrain ¢orrection
-Generally, the value of apparent cesislivily obtained in the field has an influence from
topography.

In case of the Schlumberger array, an apparent resistivily decreases in a ridge and in-
¢reases in a valley. A trial of terrain correction was applied over an area al the east of Line A,
where (opog,;aphy' w’as'sleep. There are several methods to correct the effect of topography
such as calulation with a compuler or experimental delermination using a water {ank. The
electric conductive paper method was applied for this study and resulted in showing that an

effect of tdpogjaphy r_ém_ained within a range of several per cents al the most. Therefore, no
correction was ntade on the data measured in the ficld.

) ;\pﬁarent resistivily section
A general idea of apparent resistivily can be seen on a section. The relations belween
the spacing of current electrodes and apparent resistivity were plotted over all stations. The
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Fig. A-33  Flow chart for analyses of elecirical prospecting

orndinate shows a half distance of the electrode spacing.

(3) Apparent resistivity map at the different depths

The measurements of apparenl resistivily on the half dislancde of cusrent e!echode
spacing plotted to give a general idea of areal distribution in depths.

(4) Vertical Electric Sounding curve

The curve on each station was plotted on a logasithmic scale. The abscissa is the
logarithm of the half distance of cursent clectrode spacing and the ordinate is the fogarithm
of the value of the apparent resistivily.

{5) Analyses

The obtained Vertical Electric Sounding curves are compared with the standard
curves of Schlumberger’s fo set a primary model of multi-layered structure. The theoretical
VEScumve of the primary model is calculated and compared with the actual curve. From
the difference of two seis of cuives, a primary model is corrected by the ron-linear least
squares method. These coseections are repeated until an approximation of the theorctical
curve on a corrected model with the cunve obiained in the field. The optinium model is
automatically calculated by a computer, and is compared and acljusled to be in concordance
with the models of neighboring stations or models of intersecting lines. The correction and
adjusiment are made with a computer in a way of tey-and-error.

The results are shown in Fig. A-34.



A.4 Seiumic Prospecting

A4.1 Outline of Reflection Method

An elastic wave generated at shallow depth propagates into the ground and when a
seismic wave strikes an inferface between the two elastic media of different elastic properties,
part of encrgy is reflected at the interface and the balance of encrgy is refracted into the
second medium. With the reflection melhod, the structure of subsutface formations is
mapped by measuring the times required for a wave to relurn {o the surface.

The selative amplitude of the reflected and incident waves is designated as the reflection
ceeflicient R and expressed in the form.

Incident wave

él:vl

Reflected wave

Intesface

£1. Va2 Refracted wave

R = PV - p Vi
VY 1oV,

Where the p, and p, are the densitiés and the V,, V, are the wave velocities in the
media. The more two velocities differ, the coeflicieat becomes bigger, indicating an increase
of amplitude of reflected waves.

The seismic reflection method is one of the indispensable methods employed for ex-
ploration of oil and gas. In the field of geothesrmal investization, the seismic refleclion
method is now being used to detect efiectively the faults or crushed zones in the subsurface
or to find out the depths of the basements, ¢lc.

The principle of Mini-Sosie process was invented in France and the instrument used in
this survey was developed by the InpulfOulput Inc. of the US.A. In case of Mini-Sosie, the
seismic waves are generated by a tamping rammer, widely used in the world of civil engineer-
ing. Although enérgy created by tamping is small, stacking of several hundred to several
thousand impulses improves the signal to noise ratio. )

The Mini-Sosie method is widely employed in civil engineering, geothermal prospecting,
and invesligations of deposits of oil, gas, coal and sedimentary uranium in shaltow depths of
less than 1,000 m. '

A4.2 Seismic Field Tes(s
(1) Noiseanalysss
The wavedength of surface waves on this field was dominant of 5 to 15 m, having an



apparent velocity of 150 to 330 m/fsec, with a frequency of 22 to 33 Hz. To altenuate these

surface waves, geophones are grouped with the patterns of 18 geophones spaced at l_.2 m
intervals.

The array is illusteated in Fig. A4-1.

main cable = lo réecording vehicle -

slation stake

surface

‘/ geophones

Fig. A-4 -1 Geophone array

(2} Filters

To attenuate the noises differing from the signals of reflection in frequencies, the low-

cul fiter of 30 Hz and the high-cut filter of 250 Hz were used. Selections of filters are made
on the front panel of the recording unit.

(3) Number of pops

Usually the number of pops is in a range of 1,000 to 3,000. The numbér of pops
should bz chosen to keep qualily of the data and to avoid time loss of working due o an
excess number of pops. After the field test, the number was set at 2,000 pops per record.

A4.3 Seismic Field Procedures - _

i) A series of geophones of more than thisty is faid on a line as illustrated in Fig.
" : ! ol

ii) ~ At the station No. 1, stacking of 2,000 pops is made with two or three rammers
and signals are received at the stations Nos. 4 Lo 50 in 24 channels and transmilted to
the recording insteument of DHR-2,400 which was designed and built Input/Output
Inc. and mounted on the vehicle. 'Signals are shifted and stacked, and then fecorded
automatically in magnetic tapes after the completion of 2,000 stacks (see Fig. _;\4-2).

iii) Rammers ate moved to the slation No. 3, and receiving stalions are fransferred
to Nos. 6 to 52. After the completion of 2,000 stacking, data are recorded in a mag-
nelic tapes. ' ' o

iv) Thus, the shooling point and receiving stalions are moved e\'e'rj' 20 meters.



minimum offset
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I I 20 i
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shooling point L ) main é:ble

Y

receiving stations {24 channel)

Fig. A-4—~2 Schematic diagram of seismic prospecting

Geophones and a main cable of compleled stations are transferred to the stations fo
be investigated.

v) This method is called the twelvefold common depth point method, and illus-
trated in Fig. A4-3.

Ad44 Indruments
Recording insttument © DHR-2 400 Input/Outpul Inc.

Cameia : R-68,S.LE.
Geophone : L2\ of 27 He, 18fgroup, Mark Products Inc.
Rammer : MTR-80G, 85 kg x 2~3 pcs.

MIXKASA Industry Co., Lid.

A4S Seismic Dala processing
The purpose of data processing is to convest the complex wave pattern recorded on
magnetic tapes into record section that ca2n be used {o determine the underground struclure.
A fow of processing is shown in Fig. A-44.
1)  Gainrecovery & Fdiling
The gain of channels is controlled and unwanted data are deletled.
ii) Sorling
The records are sorled and reasranged to groups of each common-depth-point.
Where a line is crooked, reflecting points are scattered. Records on crooked line are
converted and edited on the line which passes the centes of scattering points of refle-
tion. This editing was made at No. 620, Nos. 710 to 700 of Line A and at No. 170 of
Line D. : :
iii} Stalic €orrection ,
In case Lhatl shooling and receiving stations are al various elevations, time varia-
tions in ‘reflection, which are associated with such elevations at the surface, yield.
Static correction for elevation is that such variations in reflection fime are corsected



by proper subtraclion or addition of the lime increment, chosing an arbitraily datum
plane.

In this study, elevation of each point was cormrected to the floating datum plane
which surface irregularities wese smoothed, and then converted to the fixed datum
plane, using a velocily of 2,380 m/sec.

1)  Correction of normal moveout

In the Fig. A4-5(i), the traveftime of reﬂected waves increases depending on a
distance of path and a delay time is expressed with a horizontal distance beiween a
shooting point and a receiving peint. From this relation, a velocity can be calculated
and using an adequate velocily, the normal moveout is corrected as illustrated in Fig.
A-4-5(ii). Signals are summed to eliminate random noises and muliiples to obtain
reflection recosds with an acceplable ratio of signal (o Roise.

A B C, DB : shoolirg poinls
a,bec,d  : reeiing poinls
P - common depth point (CDP)
() reflectica of COP P . (1) reflection after (i) seflection after
before NMO corcection NMO correction CDPslack 2t P
p- atbiced
] b ¢ 4 a b c d | 4
>X >X >
z
£ x> - o
5 T
L]

Fiz. A4-5  Schematic diagram foi CDP stack (4-fold)

v} Migration

The processed dala are plolted on record sections, of which the ordinates repre-
sent the time. Where the reflecting beds dip, the point from which each reflection
originates is nol Yocated vertically below. An adjusiment of this point closed fo its
true posilion in space is called migeation.

Finally, adjusted information is presenled on depth seclions. The Fie. A4-6
shows the relationship of two-way {ime {0 the depths.,
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