(wuoclioas|y

Zl
EEl &
1B o
7L I I b E
Hwl =00 el
g).lm OE U
ozg S I s
olt |#
Z ll'l’illl!l]llllll‘l!lIlllll||I|F||Il|!||!||||l"lltllll||‘1
. o .
er > /l®/ _
N4 .
o
/ 4 \
fa]
/ < ' - |
%‘ £ . T~
89-——"""""—NE
0} I
0 8
i C
T o .
o
0
O
oo
\ |
%‘ > f?_\; 40
ll|fllJ|l"|ll‘|llllil!lllll]llllll'||‘|'1114LII‘LIIIII1IIIII_.I_I
’ g N 8 8 3
S 3 2 2
E T8 7w

~- 134 —

Fig. T 1-54  Cross Section of Resistivity (TE mode), Line 3
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Fig. II. 1-55  1-D Model Cross Section, Line B
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EHL, WARE - FHEWEL, BRAORANORE LY bz T5 20, SN

MotEOEKBRROTHE YRS, TOKERUTOLED TH S,

@ PR-1OWHRBL 2BHBCELLHG T COLRHIRNEE - LAEXAELLHER,
khit 7.6 X107 (m®) L3 BERELETHEr-BOD, BE 1,800mBEROMMAIR BT
zwtagwﬁkﬁbtocotbt.@ﬁﬁﬁm%#ﬁ%@ﬂ@ﬁv7§yylm
FHRETRT2MT T 9 v alhi & - Tl b,

@ PR-8LIZ2WTRENEHYELICLRETOREETE o>k, FIEK
BOEHEGMEL Tkhd kDAL H2TX1073(m)Thl) . BELTS0mTORNE
B 231CTHolo SOHHANLOEGHAES P R - | LAFRAHALE COWEANT 7 »
ValliThH D,

@ PR-1E2DWTH, BE 1400~ 1450mBACENRENERT HE90 2806 R,
PR-SIZDOWTHEE LT50mPBUERB /BT L KETH -7z, TRHEEW

ThEMHAREF (LUBORZE LR ) SR TS JRESKE L,

1.5.2 PR- 1OHHARBERE
(1) W ki

SEPR-ITCTEBLAKAERRE, HOANVTCHBLLOREMRBRIZ, HES
ORHNBESAREEASAE2RETD2HETH L, COHFER, HOUEIHLL2-
TLWAHREBTEEIN DD, AEROTHA~NOHBASLEHBRY) 2 —T) y—s—%
ML CFbhdk (Fig. 1.1-59),

FERUAHESRE, S5mmeéeDRF Y VRAV4 XILEEIN, COL I RESELSC
Hisk, M-I N Tra32XkEKusterfiBOLOTHH, COWERTL, —A0HK
W — R - B DRI N T, 7T Ty T XILEREIND,
iAW O BRSO HNE, CHRBUAKRIhLEEBERS v — L OHEALLLNDS,

2) HEEH |

PR-1%, FHRTHDIAF7 I~ FHRIDREBBL W 2RE-BHETL T,

FAMLGKAEABELER LBV I LA THINAOTC, AEHOBTE VR THAD
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Reducer
S
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Fig. .1-59  Shematic Diagram of Well Test

Table 1. 1-14 Conditions of Well Test of PR-1

Well head iy
Messutcrment :‘;er:ldi}:?s: prcsﬁm : Flow rate a?rl:\::sl;::e .
(1) temperature 3¢ orifice 28 kglem? G Gs = 53 t/h 031
2nd valve: Gw=51
full open G =104
at atmospherc
(2) temperature 29 orifice 42 kgfen*G Gs =431t/ 02%
préssuce 2nd valve: Cw=40
full open G =8
) at line press.
(3) pressuze 2%"'$ orifice 36 kgfen*G Gs =501/h 0.27
2nd valve: Gw=40 '
full open G =97
e at ling press.

(3) WESLSHR
PR-1OHHRBELENOAIEH Y Table |. 1-15% X U Fig. [.1-60 1=K

+, COBELDPR- | OHHINRRLELD LB TOLEDTHED, -

O HHASREOBE:ENOBHRKD L VRIECE5 £ CRISANERICS 5,

- TZOHHFHITRT2H Iy Vatidit-o T2,
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C BHEHFRENTZ 7y v a LTHARERAL C0 D bOEBbR B,

@ BE1L400~1450mEOENEAROEIIZDWTRRD 200F LN TE DL, 120
EZREOLBDTHDH, MBNTT T 5 v a ULHEATES, HHAACRAT S L,
FLUBN EBAL (776 ) LANBELOMOF =2 7 28 &> TENERLERT B,
%LT}L@H%GJﬂJﬂégﬁﬁ1.440mﬁ5&i:'€7’:—1 FAMWED > CELMESB T —v v 7
AL, ILBERNY EREL T ARAEAMLTYW5, 2000 ERIX, AV
MCHELLCRTORE L440mfDACEEEHRGAEE Tn T, < 20b OMEd Mk
NTRBEELORDBIETHD,

B 3EEOR IR T, JRERE 42 C.PWERE 1420mE CAA— ZIZBF
Lrsss, ShBB, 74 ¥ ORAFSDLEETL, MASTTHEL WSk,
BTHEEYZLCOEAROBRTE- L, TOAD, 2REO 2RALEY, HE
HEYRUCETERSLLEIS, 3 0S5 %ERL, noREC 2&KAxd
EUCHIEE CEULA, —h Y vy 77 ad oAl bl 44" 5—vy THRE
LA40mPDIBESILBE L L > T b, TOHL, HEOEZOHBFTIAALRSC
ERFLTO B,

@ WMALT - OFERLRLD RARE TR, hfﬂlbf%ﬁ ffacad b, #
B ORBEH L HBR D, M, Dlﬂbﬁﬁﬂi%@%n%@%%ﬁ\b‘ BUES (A
ﬁu%a&bhé)tu%¥mﬁm56%®&%%3nb

(4) Eﬂ(ﬁ%ﬁ@ﬁﬂj
PR -1 (DEEjJﬁUE%%ﬁ*F)iﬁ#ﬂﬂl@ﬁﬁlgwﬁﬁﬁ%ﬁ@ﬁﬂi%ﬁ?}to PR-1
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OWBE 2HT Ty a2l d Einid, L, MAANEOH X E (KK
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Brlos ki, GREBREYHG THEBMMIEEXRRRERD ST i, &

*Eﬁk%sﬂkﬁfﬁ@ﬁti\ REELCPHRALSMIZEILZLTRO L IIZS,
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[
A
o

CARAE B

Pe: ARBORHBEAN
Pu i M AREOHA L

kh: BAKRBRFKRH

k @ BHAKERE

h : HEHEE

Ty TEAROHER
2y, * TEARDREVE R B
r,: REELE
T, WiFHREE

‘m

kg 8

kg, m?
kg ~m?

kg ~m?

kg § ./ 'm?

RY b7 (ARES=1135)

PR—1THEEHO 2 BBOMEENS50OT, chbrArbse, (NRKROLS

=275,

(1+m),r./r,

kh =

2z (P, P

1+m
wi )

(G!ﬂ‘"lei " G Hy2 Py ™

Twil

Twz

feds, MARTORGERIEZ OV TR, HNHHVRIA Y RETORBRELD,

HHNORBESEY ¥ VB LT, RELAMEAVS,
SHEIZ M & SERH Y Table [. 1 —16 1235k T,

Table II. 1-16 List of Parameters used for Calculation and Result of Catculation of kh'in case

of PR-1
Ist step 2nd step
well head press. well head press.
© 42kgfem®G 36 kgfem?G
total flow rate total flow rate
83 t/h 97 tth
Pressure at feed point
P, kefom?G 92.5 84.8
Steam flow rate at
feed point 204 26.5
G ‘th
Specific weight of
fluid at feed point 49.9 45,1
Tw  keim®
Viscosity coefficient of : .
fluid at feed point 2.18x 1078 2.15x 1076
g,  kgsfm? .
Kh (m?) 7.6 %1071

— 142 —



Table . 1~ 161 & & &, kh O {EIE 1 darcy.mPLFTH U, fho bz s
HREHERDEHRUCEKESR B ER 2y, LL, PR- 10DEBE#HKL
BEOLHOLNTWHOR, HSREAOALDEEL BRI,

1.5.3 PR~ 8 OHHRBER
(1) W& HFik
PR-1&EELUHETHD,
(@) W |
PR-8pb OB AKREE vy F— I DRABM IR THT, QKGR

%ﬁkmottb.Twmm1—”K%Ti5&@“%#TT®W%®$EKatO

Table II. 1-17 Conditions of Well Test of PR-8

Well head Well head Quality at

Measurement s - Flow rate
_ condition pressure atmosphere
(1) dummy 2nd valve: 7 kgfem® Gs =45t/h 0.29
temperature full open Gw= 60
G =105

at atmosphere

t ' :
(2) temperature idem. idem. idem. idem.

and pressure

3 HEHR
PR-SOHEZKEY Table[.1-18 k8L FPig. [.1-611=TT, COHKELD,

PR 8 OLHNRREEHTELED LB THD,

O SEREOBEYXENGE, HOrOMERORTLARE LTS OnE TRNEKIISLS,
foCHIF P S BTRE, PR— 1 MBI 287 7y v A BLTND 2
BRB,

@ WE1750m COHRRERL231C, HHENZ 307k, /cn*GTH 2, T OMNADEH
FEERORER 27008 E, XEARCAIVT > LB VHERT (CPFEDOH
) o SO &L DHEAMKE, HHABEBERTT Iy Va LTAFALHALT

L v HLOLEbRD,

@ NWEBIRE LISOmPBE T TELLAFLL, HECRH 100mOBEERFTHE
na,
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@) KD It o
PR-8CHIBHOBIRBRLICRIr->AOT, MURANZMT 7y ol
KLT%PR«1@%*%%@%&&@%Lﬁﬁ@ﬁﬁmfémho%CT\ﬁiﬁ@
EhEx#ERL, (DR READO LS5 28 L TRELL,

_(14m) Guu o1y, B e, e (8)

kh Zrr, p,tm _p 1Fm

HEAY LETEEEAY Table [ 1 -19 1217,

:@g%&aba‘PRwS@ﬁmﬁuPR?1¢U%ﬁwo:ﬁa.ﬁﬁbtﬁﬁ-
7?%*(%%5(;%§Lﬂwm®@ﬁ%ﬁ)Qﬁﬂﬁﬁ%ﬁﬁébﬁm®f@&@té
(WEELEE LT50mPEBRTAE) 2, EFKENETLCW2HFEENAE L,

Table II. 1-19  List of Parameters used for Calculation and Result of Calculation of kh in case

of PR-3
Production test
: well head press.
Static test Tkgfem®*G
total flow rate
105 tih
Pressure at feed gqmt 123 . 307
Py kgfem*G .
Steam flow rate at o :
feed point - - 215
G tih
Specific weight of
fluid at feed point - 156
Yo kg '
Viscosity coefficient of
ftuid at feed point - 1.82x 167¢
T kgsfm?* _ '
Kh (m*) . 2.1 x 1078
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Table I1. 1-15 Results of Measurement of PR-1

Date 7. Feb. 1986 8. Fob. 1986 10, Feb. 1986
Well depth 1818m
Well head condition 3¢ (jriﬁbe 2"'¢ orifice 2%"¢ orifice
Well head pressure - 28kgfem?G 41.5~43 kg/em*G 36 kgfem* G-
Depth (m). Temperature (°C) - | Temp. | Pressure (kgfem?) Press.
20 28 249 422 34.1
100 231 251 44.0 35.0
200 233 253 45.7 360
300 235 255 473 37.0
400 237 257 48.9 38.1
500 239 259 50.4 39.1
600 241 261 - 52.1 40.2
700 243 - 263 54.2 42.1
800 245 266 56.3 44.2
900 249 268 58.4 463
1,000 252 270 60.7 48.4
1,100 254 273 62.9 504
1,160 257
1,200 277 67.2 553
1,300 281 715 60.5
1,400 285 75.8 65.6
1,500 291 82.7 76.4
1,600 294 85.9 79.1
1,700 296 89.2 81.8
1,800 299 92,5 84.8
Number of Fig, 1L1-60° a 3

and Table 11.1-14 '

2
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Fig. II. 1-60  Downhole Temlie;atnre and Pressure Curves of PR-I in the Producing Condition
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Table I1. 1-18 Results of Measurement of PR—8

Date 30. Jan. 1986 31. Jan. 1986
Well depth _ 1,861 m
Well head condition _ 2nd valve: full open 2nd valve: full open
~ Well head pressure . 7.0kgfem?G 70
Deptﬁ (m) | Temperature (°C) - | Temp. Pressure (kgfcm?)
20 167 166 71
100 ] 171 170 19
200 . 174 173 8.4
300 177 176 9.4
400 : 180 179 10.1
500 183 182 10.8
600 ' ‘185 | 185 1.5
700 : 188 188 12.4
800 191 191 |- 13.3
900 _ 194 194 14.2
1,000 198 197 153
1,100 , 201 200 16.5
1,200 o205 204 17.8
1,300 . - 208 - 208 19.2
1,400 S 212 211 20.8
1,500 219 218 23.8
1,600 _ 224 , 224 26.8
1,700 : ' 229 228 29.2
1,750 231 231 30.7
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Fig. I 1-61  Downhole Temperature and Pressure Curves of PR-8 in the Producing Condition
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Table II, 2-1 Respective Undertaking for an Expl_orationr Well PR-12

JICA

CFE

Determination of the well p_ositibn_ and

_completion depth

Analysis of fluid inclusion, X- ray and Hg, As
concentration of cuttings

. Physlcal property and fracture analyms of

1. Drilling works:

2. Core sampling at 1,400, 1 700 and 2 000 m
(each 1 ~ 3 m long of core} :

3. General geotoglcal survey .

4. Downhole temperature and pressure Ioggmg

cores 5. Measurement of physical charactenstlcs of _
4. Chemical analysis and geophysical test of geothermal fluid '

wellbore fluid which will carry out after the

finish of PR-12 well. :

Table I1. 22 Respective Undertaking for an Exploration Well PR-13
JICA CFE

1. Determmatlon of the well position and 1. Drilting works

completion depth ) 2. General geological survey

2 Supe;wsmn_of the drilling work 3. Downhiole temperaturé and 'preséure jogging -

3. Payment of the contract value 4. Measurement of physical characteristics of
‘4. Analysis of cuttings and cores geothermal fluid .
5. Chemical analysis and geophysical test of

welibore fluid together with PR-11 -
6. Analysis and evaluation of the results
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Table II. 3-2  Estimate of Reservoir Temperature of PR-12 and PR-13

Well - Geothermometer {"C) .
Quartz-maximum steam loss | Na/K (Fournier) Na/K (Truesdell) Na-K-Ca
PR-12 308 ' 322 : 330 2
PR-13 278 269 255 236

PR-12: 28/Jan./1988
PR-13; 12/Aug./1988
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Table 11, 3-3  Instruments used for Well Test of PR-12 and PR-13

Description Maker Model Specifiéation
Temperature 'KIUSTER . . . R
element (USA) P{N 600-138K1 Temp. range: 50 ~ 350 .C
Pressure element ' ?UUST‘)ER P/N 10200-103KPG Max. pressure: 250 kgfem?
KUSTER 6 Hrs (2 sets)
Clock (USA) PN 1201-509KPG Temp.: 175 ~ 350°C
- Size: 2B x 5.51 m (total) -
Lubricator SEKISAKU Working pressure: 50 kgfcm?
Material: SUS304
Diameter of rope: 5 mm
Wire rope SHINKO Const. of rope: 7 x 19 ssfo
Spec, B.S.: 1,700 kg
Length: 3,300 m
Max. line speed: * 3,000 m/hr
Drum spool size: 210mmg x 500 mm
Drum SEKISAKU Wire line capacity: Smm¢ x 3,300 m
' Drive system: Roller chain drive
(oil hydrautic)
Depth meter ' SOKUKIK1 Digital display
Tension meter NMB {5SD-801 Digital display

Table I1. 3-4 Conditions of Welt Test of PR-12

Stage’ I H 11
Date 30. Jan. 1988 31, Jan. 1988 2. Feb. 1988
Measurement Temperature Pressure Temperature
’ & pressure
- 3¢ orifice idem, Regulated by
Well head condition 2nd valve: full open 2nd valve
Well head pressure ) e
(kg/cm?G) 6.2 10.7 111
Gs = 30 Gs = 16.1 Gs = 189
Gw= 10 Gw= 204 Gw= 18.1
Flow rate (i/h) = 40 G =365 G = 370
at atmosphere at separator at separator
(9.9 kgfem?G) (10.3 kgfem>G)
Quality at separator 0.441 0.511
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Table II. 3-6 List of Paramerters uéed for Calculation of kh in case of PR-i2

Stage _ : . )i 111
Well head pressure . (kg/cm2_G) 10.7 1.1
Total flow rate oy 36.5 322
Pressure at feed point Pw (kg/cm? abs) 20.5 23.1
Steam flow rate at feed point. G (kgfs) 4.00 344
Specific weight of fluid at feed point \ 10.1 1.4
w (kgfm”)
Viscosity. coefficient of fluid of feed point

1.64 -6 1.66 x 107
pw (kgsfm?y | PEEXI0 6

Table I1. 3-7. Res_u!ts of Calculation of kh in case of PR-12

Well kh (m®) -
PR-12 2.7x 10783
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Tabie I1. 3-5 Results of Measurement of PR-12

Stage N B Lo Lm
Date 30.Jan. 1988 31.%n. 1988 | - 2.Feb. 1988
Well head condition _ 7 3.'f¢ orifice . _ 3”{) Qriﬁce_ _
Well head pressure 6.2 kglem?G ©10.7 kgfcm?G 111 kg/em®G
Depth (m) Temperature (°C) | Pressure (kgfcm2abs) | - Teirfp_. ' Press.
0 114 | e | s
100 161 7.1 o1 1.3
200 | 166 _ 16 187 11.9
300 169 ' 8.1 ‘ 188 12.3
400 Aamn . X 1 189 12.5
500 173 93 11 12.9
600 175 100 192 - 13.0
700 177 108 192 13.6
800 178 - 1.6 195 14.0
900 180 e 197 143
1,000 - 182 123 198 | . 149
1,100 183 128 199 15.4
1,200 S 18s : 136 200 | 159
1,300 186 3 138 02 | 164
1,400 ' 190 14.6 205 171
1,500 | 193 155 o207 | 178
1,600 | 196 : 16.4 209 18.5
1,700 199 : 17.5 21 19.5
1,800 203 | 18.2 214° 20.8
1,900 ' 205 ' 192 216 - 217
2,000 ' 208 20.5 | 220 231
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Fig. 1L 3-6 * Location of PR-13
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Fipg. II. 3-7 . Casing Program of PR-13
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Progress and Remarks

Penetration Rate
Depth Casing brogtam 1987 1988 Gnfh)
(m) ch _ : ' )
Bit CP .10 ) 11 12 i |g|‘}r6||§|]|0|jr2|ll420
20" hole ) i . Lo
: : 26" hole Del::lh (n) | Inclination 1 124" SMITH (527)
H : o age
i o - 100 0°45
26" 20" C.P 112m - 17%' 200 2°30°
108m 106.4m  12%" hole 5300 2°00"
- ’ 17 44
400 ° 1°30 1A 12% smrr(:;m
500 0°45°
i Run (gO" C.Pd 600 0°15°
nd Cemente . . .
: Fishing 700 1000. 2 12%" SMITH (527
800 1715 18 12%" SMITH
i 900 1°00° (527
11,000 0°30°
500 fjt00. 030’ 2A 12%" SMITH (527)
124" hole Run 13% " C.P and Cemented 1200 0°4s* )
/ 1j300 1°00°
. | | _ 1,400 1°45°
17%* 13% " C.P 612m _‘ 1,437 1°15°
612m 609.34m 1550 1°30¢
' 1,600 1°30'
1,650 1°45°
i 1700 145" 2B 124" SMITI(I5 -
/12%” hole 1j750 3°00°
1,850 2°00'
7 1,950 2°00°
2,006 2°00°
1,000 :
8 B12u4"
SMITH
: e 627
| 1,254m Temperature logging’
Sonic énd 'Temperature légging 9 124"
| A" SMITH (211)
12%” | 9% CP 1,415m 10 8% SEC .
415 4mk | . 527y 11 6% CHRIST
1,500 La1sAm 11,407.24m Run 9% C.P 2R corE)
I : and Cemented . E 10A 8%" SEC (527)
[N} Coring (1,500~1,503m)
. 1] ;
] : 12"
il 8
H SEC
J | (627
: ] : .
H 8% hole
i '
sy
I k.
] : 1 " Coring SEC
! (2,003.4~2,006.4m) | (637)
H : - 11A 6% " CHRIST
2,000 g | JTCP L '
. 2,0068m  1,99952m 2,006.8m ‘13A 8% SEC (637)

‘Fig. 1. 38 Drilling History of PR-13
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Fig. II. 3-9  Layout of Drilling Site of PR-13
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Table 1L 3-8 List of Major Drilling Materials of PR-13

Machine Item Sepecification Quantity
Draw Works IDECOH-1200 1
Derick IDECO 143-650, Max. hook load 750,000 Ibs 1
Crown Block IDECO 143-FV, Max; hook load 570t 1
Rotary Table IDECO 275K 273", Max. hook load 570t '
Swivel IDECO TL-400, 400t i
Traveling Block IDECO UTE-360-5-50, 350t 1
Bt Draw Works ~ WAUKRSHA 1-5792.DU 1,023 HP 1

fgine Mud Pump ~ WAUKESHA 1.5792.DU 1,023 HP 2
Mud Pump IDECO T-800, TRIPLEX
Accumutator KOOMEY 090-11-§ SN-1264
Gonorat CATERPILLAR T-3405 P.C 300 H.P. Motor
enerator Generator ~ SR-4 48 BH 200 kW
Commressor INGERSOLL RAND 71T2 30T 474687 1

pre INGERSOLL RAND 40-B 1

Tank Mud Tank 60 k% 3

an Water 40k 2
Mission 3" x4" 25HP 2

. SENTINEL C-380 2

Centrifugal Pump Mission 5" x 6" ‘SOHP i

Mission S x 6" 6OHP t

Shale Shaker SWACO SUPER SCREEN 1

Desander SWACO 212-455 i

- Desilter SWACO 8T425 1

Agitator LIGNTNIN LM-616/80 5

CAMERON DOUBLE 13%” -5,000 psi “U” 1

B.OP CAMERON SINGLE  13% -5,000 psi “D” 1

Hydril M.S.P Bug type 21%4" -2,000 psi 1

Kelly VARCO HEXAGONAL 54" x 40" 1

870D - 2%/16"¢ ID 3¢ 15

_ 870D -- 2%/ ID 10" 1

Drill Collar 64" OD - 2%/16 " ID 30° 24

64" OD — 2B/6"p ID 10 1

HWDP © 4%" OD
Drill Pipe 4% x H GRADO “E" “§” 6
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Penetration rate (min/m) Lost circulation (m®/h)

Depth jg  20. 30 40 50 60 70 10 26 30 40 BT
0 - | L . . ! 0 ! | ' ! .
10 10
20+ 20
30 - 30 —

40 40

50 50

60 | 60 -

70 -} 70

80 80

90.— 90
100 100
110 - 110
120 120
130 — 130
140 140
150 -4 150
160 160
170 170

_ : |
180 180 :
190 190 - -
200 200
210 - | 210 -
2éo_— 220
230§ 230
240 ~ 240
250 - 250 -

= (m)

Fig. 11 3-10  Record of Penetration Rate and Lost Circulation of PR-13 {1)
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Penetration rate {min/m) -+ . Lost circulation (m*/h)
Depth- 10 - 20 30 40 50 60 70 - 10 20 30 .40 BT
| | |

260~
270+ .
280 -
2.9u~
300
310
320
330

340 +———

350+
360

3704

380

390 _

400 |

410

410 - ]

420 420

430 430

250 L ' bty 250 b
260 —
2ﬁom
250—
290
300
310
320
330
340 !
350
3600
370
380 L-
390 -
400 1

440
450
460

440 -}

4501 ,

460 ] _
470 B ' |
480 - - ' | |
490 490
500 o s00-1--

470
480
(m) ' T (m)

Fig. 1. 3-10°  Record of P_enetraﬁon'Rate-aind._Lost Circulation of PR-13 (2)
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Penetration rate (min/m) _ Lost circulation (m3/h)

5¢?§pth 10 20 300 40 . 50 60 170 s 10 ?n 30 4!e P/T
510 § _ 510
520 ' 520
530 . - ' 530
540 540 -
550 5501
560 - 560
570 570 | h
580 580
590 - 590
600 ~ 600 -
610 610
620 - 620
, —
630 - 630
640 - 640 -
650 650 -1
660 | 660
637'0 = 670
680 6.807
690 6904
- 700 700
710 710
720 720
ﬁ__so . 730
740 - 740 -
7‘.50—‘ 750 41
(m) = {m )

. Fig. 11, 3-18 - Record of Peneiration Rate and Lost Circulation of PR-13 (3)
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Penetration rate (min/m) Lost circulation (m*/h)

Depth  3g 20 390 40 S50 60 70 10 20 30 40 PT
750 L 750 ot b
760 — | 760 —
770 ‘ 770 -
780 - 780 —
790 — : 790 —
800 800
810 B10 -
820 — 820 —
830 - 830 —
34.0 ~ | 840 —
850 -1 850

| 860.- 860 —
870 870
880 | _ ' 880
890 — : 890 —
900 | 900
910 910
920 G20 —
930 ' : 930 -}
240 - ‘ 940 |
950 950
960 1 ' 960

970 - _ 970~ _
980 | 950
990 990 —
1,000 ' 1,000 —
(m) - (m)

Fig. . 310 Record of Penetration Rate and Lost Circulation of PR-13 (4)

— 200 —



Penetration rate (min/m) ' Lost circulation (m*/h)

DPepth 10 20 30 40 50 60 70 1020 30 40 P
1,000 —— 1,000 :
1,010 - 1,010
1,620— 1,020
1,030 - 1,030
1,040 - 1,040 -

1,050 - 1,050 |

1,060 1,060

1,070 - — 1,070 ~J—::|

1,680— 1,080 —

1,090 - 1,090 -

1,100 ' 1,100

1,110.~ ¥ 1,110

1,120 o 1120

'1,'1_30— 1,130 - J—J‘J

1,140 1,140

1,150 1,150

1,-160* 11604 |

1,170+ . 1,170 '

1,180 1,180

1,190 4. 1,190 —

1,200 - 1,200 -

1,210 - 1,216

1,220 1,220 -

1,230 1,230

'1,'240~ 1,240

1250 & : . 1,250 | j*—'
(m) _ (m)

Fig. 1. 3-10  Record of Penetration Rate and Lost Circulation of PR-13 (5)
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Penetration rate (min/m)
60 70

.Depth 10 20
1 i

30
-

40

50
'l

1.

1,250

1,260 —

1,276 1
1,280 —
1,290 -
1,300 -4
1,310
1,320 -]
1,330 -1
1,340 —
1,350 -]
1,360 -
1,370
1,380
1,390 -1
1,400
1,410 -
1,420 -
1,430-—
1,440 -
1,450 -1
1,460 -1
1,470 -
1,480

1,490 -

1,500

(=

(m)

Lost circulation (m*/h)
20

10

30

40

P{T

1,250

1,260

1,270

1,280~
1,290 -
1,300 -1
1,310
1,320
1,330
1,340 -1
1,350 -1
1,360 -
1,370
1,380
1,390 -
1,400
1410
1.420
1,430 -
1,440 -
1,450 -
1,460 ]
1,470

1,430

1,490

1,500

i

(m)

Fig. IL. 3-10  Record of Penetration Rate and Lost Circulation of PR-13 (6)
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Penetration rate (min/m)

Depth - 190 20 30 40 50. 60 70

1,500
1,510 ~
1,520
1,530 -1
1,540 -
1,550
. 1,560 -}
1,570
1,580 -
1,590
1,600
1,610 -
1,620
1,630 -
1,640
1,650
1,660
1,670
1,680
1,690
1,700
1,710 -
1,720

1,730

1,740 -|

1,750

{m)

Lost circulation (m?3/h)

10

20

30

40

P{’T

I.SOO'
1,510
1,520
1,530
1,540 -
1,550
1,560
1,570 —
1,580
1,590+
1,600 —
1,610 —

1,620 —

1,630
1,640
1,650
1,660
1,670
1,680 -1
1,690
1,700
1,710
1,720
1,730
1,740

1,750

(m)

Fig. I 3-10 " - Record of Penetration Rate and Lost Circulation of PR-13 (7)
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Penetration rate (min/m) Lost circulation (m3/h)

1 ??(;zpth 10 20 30 40 S0 60 70 ' L1s0 10 20 30 40 BT
1,760 : 1,760 - :
1,770 - 1,770

1,780 1,780

1,790 — ?:: | 1,790 -
1,800 © ' .”1,809-

1,810 - 1,810 -]

1,820 - 1,820 -

1,830 - 18304
1,840 - 1840

1,850 - 1,850 1

1,860 1,860 -

1,870 - 1,870

1,880 1,880

’ |

1,890 — 1,890 -1

1,900 1,900 -1

1,910 - 1,910

1,920 - 1,920 -

1,930 - 1,930 4

1,940 — 1,940

1,950 1,950 -
1,960 1,960

1,970 -} 1,970

1,980 1,980 '

1,990 1,990

2,000 -} : 2,000 41—

(m}~ (m)

Fig, IL 310 Record of Penetration Rate and Lost Circulation of PR-13 (5)
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" Depth’’ 10

Penetration rate (min/m)

Fig. 1L 3-10

‘20 30 410 50 6|D 7[0
2,000+ '._3‘ —1 .
. _ ST
2,010
'(_m)'
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Lost circulation (m3/h)
1 20 30 49
1

P/T
ol

2,000

2,010+

(m)

Record of Penetration Rate and Lost Circulation of PR-13 (9)
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Depth of countermeasures of L/C

Casing Program Lost circulation
12%!0 ]71{%1.
k
tm) w2 30 /) 3
0 . ) I \ 1 i f——-‘lﬁ
+[+:} 126" hole (108m : I4
:[::1 4267 ot (108m) =7 1 .3 .
: “CP S 10
e e c;loé.-lm) ’ e 1139 ST -4
g e
] : -20. ~44.55.
e e 0 P ———
A /B B T8
b K TLeM/ 1735 a4
<141 17% hole (612m)| 16,3538
HolE - 21.29
1 e = -1
bte 32.33 59.62
boE 3323 43.58.60.61
500 Lofe
| g
| L 13p-ce . ;? T
kD (609.34m) | ey 80
: . B
: %—*—“_%%.32.75
o 124" hole :
1,000 . (1,415.22m) — 71
: —70
1 : 69
J [ o 68
[« 67
R " 9%, C.P
r‘ (1,407.24m)
1,500
8% hole (2,006.80m)
2,000 :

- 207 —

Fig. II. 3-11  Depth of Lost Circulation and Treatrments of L/C for PR-13




‘Table I1. 3:10 - Measuring of 20” Casing Pipe of PR-13

No. | Length Total length Depth* Remark -
| L 10640 94 Ib/ft. HA40
s | £.20 120 | 10520 94 Ib/ft. H:40'
. 1282 . 402 | 9238 | 94lv/fiiH40
2 1222 2624 8016 94 1b/fi, H40
3 12.17 38.41 67.99 94 Ib/ft. H40
4 12.18 - ' 50.59. 5581 94 1bfft. H-40
5 1180 6239 .| . 4401 94 Ib/it. H40
6 11:43 7382 | 3258 04 Ib/ft. H-40
7 12.28 86.10 . 2030 94 Ib/ft; H-40
8 12.73 98.83 757 | o4lb/fe. Hao
9 12.20 1103 _ 463 94 Ibfft. HA40

* Depth of Casing is from Rotary table. G.L from Rotary table is 6.4 m.
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. Table I 3-11  Measuring of 13 3/8” Casing Pipe of PR-13

(Pipe 54.5Ib/ft, K-55) .

.No. _ _I_.ength“” -.'1:‘:?;?11{ Da_:l.)t:h*‘_ Ac;‘antra No. Length ]Z:;?}l Depth* _antra
B S T I T O R B (m) (m) my |
N | 609.94 24| 1324 | 20026 | 310,68 1

leis| 043 | 043 | 60951 25 | 1277 | 31203 | 29791
1| 1202 1245 | 9749 | 2 .26 | 1381 32584 | 28400 | 1
2] 1060 | 2305 | ssese | 1. 27| 1188 | 33772 | 27222

cie| oss | 2360 | 52634 28| 1306 | 35078 | 2506 | 1
3| 1156 | 3516 | 57478 20 | 1428 | 36506 | 244.88
4] 1188 | 4704 | se200 | 1 130| 1325 .| 37831 | 23163 i
s| was | ssre | ssuas 31| 11307 | 38961 | 22033

61205 | '70.84':_ s3000 | 1 |32 12.93 402,54 [ 207.40 1
7| 1344 | 8428 | 52566 33 | 1148 | 41402 | 19592
8| 1208 | 936 | s1358 | 1|34 1103 | 42505 | 18489 | 1
o | 175 | 10811 | 501.83 35 | 1350 | 43855 | 17139

10| 1381 | 12192 | 48802 | 1 (36| 1378 | 45233 | 15761 | 1
1| s | 13378 | 47616 37| 1220 | 46453 | 14541
12| ‘1278 | 14656 | 463.38 1 138 1203 476.56 | 133.38 1

13| 1205 | 15861 | 45133 39| 1321 | 48977 | 12017

14| 1217 | 17078 | 439.16 1 40| 1251 | so228 | 10766 |
15| 1411 | 18489 | 42505 41| 1104 51332 | 96.62
16| 1208 | 1997 | 41207 | 1 Ja2| 1138 | 52470 8524 | 1
177 1309 | 21006 | 39998 o la] 222 | 53692 73.02

18| 1332 | 22338 | 38656 | 1 |44 | 1209 | 501 | 6093 | 1

19| 1321 | 23659 | 37335 45 | 1331 562.32 a162 |

20| 1103 | 24762 | 36232 | 1 46| 1248 | 574.80 3504 | 1
2 | -12;76_ 260___38 34956 47 | 1328 588.08 21.86

92| 1315 | 27353 | 33641 | 1 |48 | 1446 | 60254 740 | 1
23| 1249 | 28602 | 32392 | 740 | 609.94 0.00

* Depth is from Rotary table. Dépth from surface is substract 6.4 m from it.’
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Table II. 3-12  Measuring of 9 5/8" Casing Pipe of PR-13 - .
(47 pd/ft, L-80 Hydril, SEU)

*Depth *:Dci)th
No. Length l::?gt:;i r{;&r:ly Cl?mm No. Length l::;tllll ' rf)rt(::; C;.m.tm
table | 2 table - | X
(m) (m) (m) (m) (m) " (m}
1,407.24 24 | 1234 | 29168 | 1,11556 | 1
c/s| 035 035 | 1406.89 25| 11.81 30349 | 1,10375 -
1] 1134 1169 | 139555 | 2 [ 26| 1099 31448 | 1,092.76 | 1
2| 1225 294 | 138330 | 1 27| 1214 32662 | 1,080.62
cic| 047 2441 | 1,382.83 28 | 1223 33385 | 1,06839 | 1
3 1277 37.18 | 137006 29| 930 348.15 | 1,09.09
41 1339 s0.57 | 135667 | 1 [30| 1105 35920 | 1,04804 | 1
51 1128 61.85 | 134539 31| 1247 37167 | 1,035.57
6| 110 7287 | 133437 | 1 |32] 1107 38274 | 1,024.50 | 1
7| 13.00 85.96 | 132128 33| 1278 395.52 | 1,0011.72
8| 1265 9861 | 130863 | 1 [34| 1244 | 40796 99928 | 1
9| 1226 110.87 | 1,296.37 35 | 13.52 42148 | 985.76
10| 1234 | 12321 | 128403 | 1 36| 1232 | 43380 97344 | 1
1] 1349 13670 | 1,270.54° 37| 13.10 44690 |  960.34
12 | 1129 14799 | 125925 | 1 [38| 1236 459.26 94798 | 1
13| 1142 15941 | 1247.83 39 | 13.13 47239 934.85
14| 1232 17173 | 123551 | 1 |40 13.06 485.45 92179 | 1
15 | 11.94 18367 | 1,223.57 41| 1267 | 49812 909.12
16| 1256 19623 | 121101 | 1 [42| 1341 | s11.53 89571 | 1
17 | 1285 | 20908 | 1,198.16 43 | 1147 523.00 884.24
18| 1085 | 21993 | 1,18731 | 1 |44 | 1269 | 53569 | 87155 | 1
19| 1182 23175 | 1,175.49 45 | 12.83 548.52 858.72
20 | 1240 24415 | 1,163.09 | 1 |46 | 1167 s60.19 | 84705 | 1
a | 1275 | 25690 | 115034 a7 | 1213 57232 | . 834.92
22 | 1033 26733 | 1,04001 | 1 [ 48| 1160 583.92 s | 1
n | 1211 | 21934 | 112790 49 | 1248 596.40 810.84

* It’s 6.4 m from Rotary table {o surface.
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| *Depth *Depth

No. Length 1:,?;?;1 :rf;f;f:; - Ce‘mtra No.. Length 1::;?:: rgr;x;r; Cl?ntra
table lizer table lizer
() (m) (m) (m) () (m)

50 | 12.82 609.22 798.02 1 75{ 13.10 91338 | 493.86
51 9.15 618.37 788.87 76| 1155 924.93 | 48231 1
521 1219 630.56 776.68 1 77| 1231 937.24 | 470.00
el 084 631.40 775.84 78 9.7 946.81 | 460.43 1
531 13.10 644.50 762.74 791 12.04 958.85 | 44839
54 1 12,60 657.10 750.14 1 80| 11.93 970.78 | 43646 1
55 | 1223 66933 | 73791 81| 1343 984.21 | 423.03
56 | 1201 681.34 725.90 1 82| 1244 996.65 | 410.59 1
57 | 1175 693.09 714.15 83| 1092 | 100757 | 399.67
58 | 1226 705.35 701.89 1 84| 1330 | 1,02087 | 38637 1
59| 1296 | 71831 688.93 85| 1267 | 103354 | 373.70
60 | 12.00 73031 676.93 1 861 1091 1,044.45 | 362.79 1
61| 1180 74211 | 665.13 87| 1342 | 1,057.87 | 34937
62 1221 75432 | 65292 1 || 88| 1268 | 107055 | 33669 | -1
63 | 1262 76694 | 64030 80| 1292 | 108347 | 32377
64 | 12.06 779.00 628.24 1 90| 1146 | 109493 | 31231 1
65| 1235 | 79135 | 61589 91| 1212 | 1L107.05 | 300.19
66 [ 1142 802.77 604.47 1 92| 1299 | 1,12004 | 287.20 1
67| 1176 814,53 59271 03| 1184 | 1131.88 | 27536
63 | 1265 827.18 580.06 1 94| 1226 | 1,144.14 | 263.10 1
69 | 1024 | 83742 569.82 95| 1324 | 1,157.38 | 249.86
70 | 1251 849.93 557.31 1 9| 1251 1,169.89 | 23735 1
71 | 1226 862.19 545.05 97| 13.02 | 1,18291 | 224.33
72 | 1175 873.94 §33.30 1 98| 917 | 1,192.08 | 215.16 1
731 13.00 886.94 520.30 99| . 1272 | 1,204.80 | 20244
74 | 1334 900.28 506.96 1 jico| 1164 | 121644 | 190.80 1
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*Depth : *Depth _

No.| Leneth 12::;?1]1 rf)rt(::ly | C;""a No,| Leneth 1:1?;111 rgt?:; 5 Cf““a
table fzet . table e

@ | @ | @ | o |

01| 1260 | 122904 [ 17820

102 1197 | 124101 | 16623 | 1

103 1043 | 125144 | 155.80

104 1144 | 126288 | 14436 | 1

105 | 1267 | 127555 | 13169

106 1238 | 128793 | 11931 | 1

107| 1280 | 130073 | 106.51

108 1241 | 131314 | 9410 | 1

109| 1250 | 132564 | 81.60

10| 1274 | 133838 | 6886 | 1

| 1297 | 135135 | 55.89

12| 1125 | 136260 | 4464 | 1

13| 1s0s | 137565 | 3159

14| 1228 | 138793 | 193 | 1

15| 1291 | 140084 | 640

2.l 640 | 140724 0.00

38| (150
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Table 11, 3-13 Measuring of 7” Casing pipe of PR-13

(Pips: 29 1bfft, L-80

Hydril, SEU)

No. Length k .1:'3;?]11. Depth Cl_?ntra No, | Length l::?;ta!ll Depth | Centra

m | | e | @ | o | o |
: - 1,999.52 25| 1280 32047 | 1,679.05
c/s| - 034 034 | 1,999.18 26| 1286 | 33333 | 1,666.19
1] 1247 | 281 | 198671 | 270 1267 | 34600 | 1,653.52
2| 1279 | 2560 | 197392 28 | 1201 | 35891 1,640.61
3| 1295 3855 | 1,960.97 29| 1297 | 37088 | 1,627.64
a | 1285 5140 | 1,948.12 l30| 128 | 38477 | 161475
s 1254 | 6394 | 193558 31| 1278 | 397.55 1,601.97
6| 1288 | 7682 | 192270 32| 1332 | 41087 | 1,588.65
7 1__2'.9'4 8976 | 190976 33| 1260 | 42347 | 157605
8| 1266 | 10242 | 189700 | - [ 34| 1278 | 43625 | 156327
9| 1284 | 11526 | 1884.26 35| 1279 | 44904 | 1,55048
10| 1 12798 | 187154 36 | 1347 | 46251 | 1,537.01
11| 1297 | 14095 | 185857 | 37| 1273 | 41524 | 152428
12| 1294 | 15389 | 184563 | 38 | 1279 | 488.03 | 1,501.49
13| 1324 | fe7a3 | 1,83239 39| 1277 | s0080 | 149872
14| 1311 | 18024 | 1,819.28 40| 1310 | 51390 | 1,485.62
15 | 1296 | 19320 | 180632 lar} 1336 | 52726 | 147226
16| 1310 | 20630 | 179322 |  [42| 1258 | 53984 | 1450468
17 | 1261 2:_.18.91 1,780.61 43 | 13.16 553.00 | 1446.52
18 | 1286 | 23077 | 176775 44| 1247 | 56547 | 143405
19| 1303 | 24480 | 175472 a5 | 1274 | s1s21 | 142131
0| 1267 | 25747 | y7a20s | |46 | 1259 | 50080 | 140872
21| 1201 | 26948 | 173004 | | 47| 1296 | 60376 | 139576
2| 1298 | 28246 | 1,717.06 | 48 | 1298 | 61674 | 1,382.78
23 | 1261 | 29507 | 1,704.45 49 | 1300 | 62974 | 136978
24| 1260 | 30767 | 169185 50 | 1262 | 64236 | 1357.16
| | | | 58 sa | ees7r | 138305

]

(Note) No.1~42 Slotted pipe
- No.43 ~ 50 Casing
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“Table i1 314 List of Major Drilling Materials of PR-13

20CP | 13%"CP | 9%" CP |Finaldepth| Total
Bentnite " S0ke/SX | 1,039SX | 19984 8X | 3,114SX | 2,231 8X | 26,368 8X
: Lignite 25 0 448X | 2118X 150 SX 405 SX
Mud. | Supercaltex. - 25 - 0 558X | 2258X 120 8X 400 SX
‘Additives Bicromat Sodice 50 0 0 238X 68X 298X
Corstic Soda . 0 20 kg 420 kg 880 kg 1,320 ke
Bicarbonate 40 198X | 1028X 83 8X 18X 205 SX
Tost | CeroAutomatico 10 0. 85X 0 0 - 08X
Cirow | yeM (Fine)  25ke 238X 58'SX 0 0 818X
Materials | LCM (Medium) 25kg 38 SX 878X 204 8X 0 329 SX
Cement 50 1,2458X | 5,7598K | 1,2258X 8,229 SX
Cement | SiO, 40 S0SX | 1,560S8X | 542SX 2,152 8X
NaCl 238X |. - 1078X 17 8X 147 8X
o Free Well 0 7558 480 2 100 2 1,3352
Fishing
oil 0 64 k¢ 45 kg 26 k¢ 133 ke
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Fig. 11. 3-16  Temperature and Pressure Logging Chart of PR-13 (1,400m)
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" Fig. 1317 ‘Temperature and Pressure Logging Chart of PR-13 (2,000m)
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Table IL. 3-16 Co_nditioﬁs of Well Test of PR-13
Stage I I

Date : 19. Aug. 1988 23. Aug. 1988
Measurement Temperature & pressure . Temperature & pressure

: . 34 orifice _ |21 ofifii:e ‘
Well head condition 2nd valve: full open 2nd valve: full open
Well head pressure (kg/cm®G) 17.0 _ 218 -

Gs = 248 Gs = 151

Flow rate (t/h) : G‘_’" = 65.0 . Gw=493

' _ G =388 _ G = 644

at separator (2.4 kefem®G) at separator (4.08 kgfcm?G)

Quality at separator - ' 0.276 - 0.234

(8) EKREHEOHEH
AR L7z X 312 PR—13 OBAR KR, WEME L DH #w:mlbfmbamﬁs'
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QU 2HEHRFEORRBRROL I ZEHLINS,

Zﬁih(Pe*Pw) Ts Ta _ Co B}
—_ (—-k,, + — k.,
o (i) m w, o) e
L G HlE R kg/ s

Pe MARMOKEBED  kg/m?
Pw 2%1%&70)%#?9&7_] ._kg/m2

o 225 ——




Ckh P BRBHRE . m’
K HRER e
kot AANRER
b HAEE m
RO R e/
4R ORER kes /ni
r,  BEEEE m
e DYIHER m

Ry s 1 A&

w i Bk

CoThkrsthrw=12 L, BEEx¥ALHE, DRRROLSCHEIZLAD,

B 2th(Pe—th) o 1
In(r/n)  Heqf (1-x)
. ) . Ts . Tw R .
LA ph o T 2 MIEB O 4 OB KR RBRRAIZ L DRDBR 5,
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Table 11. 3-18 List of Paramerters used in Calculation of kh in_ case of PR-13

- Static '

Quality at feed point

. H
Stage (10 May, 1988) I !

Well head pressure  (kgfem®G) — 17.0 21.8

Total flow tate (tfh) “ 89.8 ‘ 64.4

Pressure at feed point _ . 193

Pw (kgfem? abs) 143 9. :

Specific weight of fluid - _ g =761 =730

at feed point ¥ (kgfm®) v = 30 v

Viscosity coefficient of fluid g i =977 x 1076 =9 26' '1 08

at feed point  (kgsfm®) s = 1.89 x 107 bw “ X 7
- -0.02 0.0

Table 1L 3-19 - Results of Ca'l.c'u]aﬁon'of kh in case of PR-13

Stage  kh(m’) .
1 33x108
il 26 %1073

Tablel .3—19 kY, PR-13 D757 F v—OFAKEE, PR—12 LRBED 0.3

darcy mBE T, BEOEAEXAL B LEL D,
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Table 11, 3-17 Results of Measurement of PR-13

Stage 1 1
Date 19. Aug. 1988 23. Aug. 1988
Well head condition 39 orifice 2% orifice
Well head pressure 17.0 kgfem* G 21.8 kgfem* G
Depth (m) Tem(%eéz)ature (kgf;rce;szu:abs) Tem(lz%;iture (kgI;rci;szu-r;bs)
100 212 18.7 224 23.7
200 216 19.8 227 25.2
300 218 20.7 230 26.8
400 221 223 233 21.9
500 224 23.5 235 29.4
600 227 25.1 238 30.7
700 229 25.9 240 32.3
800 232 27.6 243 339
900 235 28.9 245 35.6
1000 237 30.0 248 37.1
1100 240 31.5 251 39.1
1200 242 333 253 41.0
1300 245 348 256 432
1400 248 36.4 259 452
1500 251 38.8 261 48.1
1600 253 41.1 264 51.3
1700 256 43.9 266 55.1
1800 260 47.9 270 59.9
1900 267 - 54.0 276 66.9
1980 270 59.5 276 72.8
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Fig. II. 3-20  Downhole Temperature and Pressure Curves of PR-13 in the Producing Condition
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