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Wireless Measurement While Drilling (MWD) Electromagnetic Measurement While Drilling (EMWD) 1 Bi-directional Communication & Power System
- 1 :
s (137.0 MPa) 25000 psi (172 0. 475, (120 mm) /675 . (172mm) 18.25 . (210 mm) While Drilling
Vaximun Tomperature 300 (150°CY350° (175°C) (opton Deviaton/OrientatonTool Face 180" £0.1'/0-360" £05710-360" £05°
P ( 2% ( ) (option)
f— Battery 3.375in. Data Tranemission Rate 3511 bitls 00 O.D. 4.75in. 6.75in. 95in,
Generator 4.75in./6.75 n./8.25 in./9.5 in. Maximum Pressure/Temperature 14500 psi (100 MPa)/ 257°F (125°C) Pulser Type Rotary Pulser/Solenoid Pulser
Pulser Type Rotary Pulser/Solenoid Pulser 1550 Ls, 30-100 m/min Max Pressure 20,000 psi (137. psi ptic X g
puser | 02bts-abits 1 Vax Temperature 300F (150°CY30°F (175°C) option) 3007 (150C)
[ Puiser 1 Make-up Length 12101 (37 m) 10701 (32m) 12101 (37 m)
Pulse Width Selectable. 3.012.0/1.51.010.8/0.5/0.36/0.3210.24 0. Caliper Corrected Neutron Porosity (CCN) Weight 903 bs. (410 kg) 1,006 Ibs. (455 kg) 2,392 bs. (1082 kg)
o Fiow Range 125350 gom 200500 gom 300- 1600 gom
MWD e i s s e R e v g et — — — — R Fyserah '
‘Mogsurament Range ‘Resohition “Accuracy Maximum Pressure 20000 psi (137.9 MPa) Pulse 30120151
TR 180° o1 £02° Maximum Temperature 300°F (150°C) Moy Do REH 000
. R 1100 Ibs. (498 kg) Output 33Vdot 1
Azimuth'-* - 360° 0.35° +1.0° Weight (CCNand RAD 4) 893 Ibs. (405 kg) 1325 Ibs. (600 kg) Max Power Output 300 Watts
Toolface an
Vognti! o300 o s Sorvia Fomation Bk Densiy Servicewit Hols Caliper
Gravity* 0°-360° 140 FAES e
Temparaure 150°C/175°C (opton) zc 30C [ m | e o =
Dip Angle’ " - 90° 0044 £03°
{TFIGTF Swiching Incination Degrees:Operator Selctabe (defaut et at 5 Detectrs Lt odido Cystal with Photomuliper ubo for b Near and Far detecors : BCP-H
| 1: Assumes typical magnetic field values at 30° latitude. Porosity Accuracy 0.5 pu below 10 pu; 5% of reading for 10-50 pu.
N / 2: Accuracy appies o incinations greater than 5.0° o Resouen . N
C C Stasial Ropeatabi o8 pugRp . C C
H Tool Size Restrictor ID Flow Range (gpm) Flow Range (Ipm) Maximum Logging Speed 180 ft./hr (@2 points/ft.)
. 40 mm 80-160 gpm 302-605 lpm Depth Of Investigation 10in. estimated for 8.5 in. 10 pu borehole ' qS1H
GCN + CWD e e ! Integrated Logging While Drilling (InteLWD)
<7 m o fow) 160225 gom 506-633 lom Messure Point 461, (14 m) (From downnle oo end)
6304 in. 52 mm (standard) 300675 gpm. 1,136-2,556 Ipm Vottage oS0DY 5
- Rota 50 mm (low flow) 300-450 gpm 1,136-1,703 Ipm Current Draw 160 - 170 mA. Max Pressure 20000 psi(138 MPa)
et o Ssronton el 14227 i I Ce BOOZE15C]
mn m S Maximum Rotation Rate 400 rpm.
12 57 mm sancard) 504,350 gom 22715100 pm R ; . . LA
e otary Azimuthal Density (RAD ax Lost Circlaton ppb=114 kgimi
Diamaiar) 4750, | 6750, | 825in. 3 P 5-3/4 in. 0 6-3/4 in, 8318 in. 10 10-5/8 in, 12in. to 17-1/2in.
Maximum Pressure 20000 psi (137.9 MPa) - (146-172 mm) (212270 mm) (305 mm x 445 mm).
X . " R D) 00 (150C) Dogleg | WihRotation | 101100 ft. (10730 m) 13100 1, (13930 m) | 657100 ft. (6.5°/30 m)
Gyroscope Wireless Measurement While Drilling e 1100 bs. (498 kg) ‘ . . - Severiy | Wihout Rotation | 307100 f. (30730 m) | 207100 f. (2030 m) | 13100 . (13730 m)
(CoNand RAD &)
(GyroMWD) = Formaion Bulk Densiy Servie with Hole Calper ' Range 0-25000psi
Tool Type Rotatonal Azimuthal Density 1 Resolution Sosi
TEEEED =T Maximum Dogleg | Rotating | 15%100f. (1530 m) | 9°/100ft. (9%/30m) | 657100t (6.5%30 m) R A D y Accuracy +0.25% of full scale
e 20000 ot (140 P, Seveity | Siding | 3071001 (30730 m) | 167100 R (16730m) | 1277100 . (12730 m) P EPR-H -
essure 1990 pst 2 Nal Scintillation Crystal with photomultplier tube for both Long and Short = Tool Type Scintillation
G Tornpersture] A0S E{11550) O ors Spaced detectors. Range 0-500 API
o100 (5120|000 a0 m| a0 ey | Tnaan (isamy | S0 @ | A — hoctracy e
¢ 00900501 | ung oot (15150 ) 100t (050 m| SO0 (0 my | 700t (my | SO0 (6750m) L
3 Range 1631 glec Vertical Resolution in. (153 mm)
o) Medium nut plug 40 6511 (18 kgl (V) - J
1o Vioraion ms o i A
KAk oorms @lars) Statistica Repeatabity +0.025 9/co@200 /1 (60 mihy) and 2.5 gloc: Axial vibration 2-Accelerometer | Lateral vitration x-y Accelerometer
& Operating Time 40t 250 hrs depencing on slida rati or ig operations Vertical Resolution 18 in. (45 cm) (full resolution) Accleration Range Oto15g
Downhole End Measuro Point 511 (15m) Owszhz
3 Hes e L | Pholoskectic Factor Specffcatons ] [
Hclnaton . o Range 1-10 Bamesielectron (B/e) Probe Type Two Avis Magnatometer
Tt s = Acouracy. £0.25 B/o from 2.5 Bl Range 0o %1000 pm
1 o arace T z Stsical Rpeatabiy +025810@200 i (50 mi) Aectraey i
ystem Accuracy Vertical Resolution 6 in. (150 mm) (full resolution)
Downhole End to Pe Measure Point 511t (1.5m) 2 MHz Resistivity
coust Sianda ClperSpoicaions Range 01- 300 0nmm
. . Range 0:2in. (Outof housing) Phase Difeence ey +1% (0:-50 ohmm)
Pressure While Drilling (PWD) 007510, 01005 n) = ] 5 =BG s
o 0125 (0510 1.0in) ange 1500 ohmm
4.75in./120 mm 6.75 in. /172 mm 8.25in.210 mm 20.25in. (1010 2.0in.) Attenuation ] 2% (0.1-25 ohm-m)
L3l Maximum Pressure 20000 psi (137.9MPa)25000 psi 172 MPa) (option) Outof housing MWD-H 1 mmhoim (+25 ohmm)
FTas 300 (150°CYIS0°F (175°C) (option) Maximum Logaing Speed 180 e (@2 poiis) Vertcal Resoluton 51n.(20 om) fo 90% response inconductv becs
Longth S1-683in (17m) ih3tein(am | 4nsin (142em) Radoactive Sourca 137 Swrengh: 2 Curis (74 GBa) sty
Flow range 160320 gom 300575 gpm 40900 pm Votage EX Range 011000 chmm
Data Acquisition Type Real-time & Downhole Record Current Draw 350 MA~390 mA Phase Difference e +1% (0.1 - 25 ohm-m)
Data Transmit Ty Data Transmit Type Positive pulse £ + 1 mmhol/m (>25 ohm-m)
Pressure Measurement Range 0- 25000 psi s Range. 0.1 - 200 ohm-m
Accuracy Accuracy #0.25% fullscale : . o i Atenuation £5% (0.1 - 10 ohm-m)
= Acoustic While Drilling (AWD) . Accuracy D)
Vertical Resolution 12 in. (30 cm) for 90% response in conductive beds
= Diameter 475in 6750
o 482in. (122403 ) 69in, (7526 mm) Sensor Type Trkaxial Accelerometr  Trkaxial Fux Gate
Inclination and Gamma Ray (IGR) too S0 5825108in (1310203 | 85 . 210 ) o 10625 . 270 ) i TFIGTF Oparator selectable (defaul: 3°)
i T Coain) : HostileLWD I e Reatin e
Tool 0D 53751475 /675 n 825 n 0.5 i Wax. Operatig Pressure 20000 ps (137, MPa) : Scarame Tange il e
= Maximum Pressure 20000 psi (137.9MPa)/25000 psi (172 MPa) (option) Length 30t @ m) 2381 (7.254m) = i 0°-360° 035° e
= Maximum Temperature. 300°F (150°C)/350°F (175°C) (option) Weight 1760 Ibm (798 kg) 2,500 Ibm (1,134 kg) = “Toolface Magnetic TF 0°-360° 14° 115
: SN v — T : e v
= - - Sookon e Dogeg Soverty (L5170 Lo o Laon 0m - Total Magneti Fild 0-100000 n B 3007
= D 0-250 API Max. Flow Rate 14 Limin) - , - Dip Angle - 90°~90° 0.04° +0.3°
= Accuracy 3% API of full scale Max. Sand Content 3% =
= Vertical resolution 6in. (153 mm) Max. LCM Size: 063n. (16 mm) =
= Average neria o2 -
= Vasimum Temperature 150°G/175°C (opion) Transmiters Number 1 :
: Sensor Type Z axis accelerometer Receivers Number 4 s
= Range 0- 180" dogrees ent Type Compression Wave & Shear Wave
= Accuracy #1°@INC>30° Accuracy, usft, [us/0.305 m]
Wessirsiment Rangs Aol 40:230 Ui, dependent on mud ype
V. Shock (Ectronis) 250 for 100,000 yclos
Measure Point From Tool Bottom 141t (4.267 m).
it Azi P- it (RSU)
Near-Bit Azimuthal and Gamma Ray (NGR) BCP-B Rotary Steerable Unit (RSU
Maximum Pressure 20000 psi (137.9 MPa) / 25000 psi (172 MPa) (option) i 3in. 475in. 6750n. 95in.
| Maxium Temperatr (B 650 5 Vax Pressure 20000 psi (137.9 WFa)
= Max Temperature 300°F (150°C)
= Senutaten ToolSee e oo, s o, Nuclear Magnetic Resonance Imaging While ] Mako-up Longin 9926 @m | wssh@4m | 7a2n@am | 82 (@sm
| Measurement 205 (00 S ) . Weight 2201bs. (100kg) | 881155, (400Kg) | 90S1bs. (¢10Kkg) | 3638 bs. (1650 Kg)
Range 0-500 AP 5.41n. (138 mm) 7.5 n (190 mm) Drilling Tool (MRI) ] 412005120, | 6in.06J4in. |B-IBin. 0 10-56in.| 12in.to 17-112in
I Accuracy. +3% API of full scale. S— — P C D Hole Diameter (114140 mm) (152-172 mm) (212270 mm) | (305 mm - 445 mm)
Vertical Resolution 6 in. (153 mm) s Max. Tool O.D. 69in. (175 0-6.5°100 .
v 24y
P P Maximum Prossire 20000751 (137.9 WPa) octenoon | o10v0n. (085730 m)
WD / C D AL 120mA st 22V input (264 W) Maximum Temperature 300°F (150°C) SuldRate (0-14°/30 m) (0-10°/30 m) 0457100 1.
2 i scosleromeer Sin.Tool 675, Tool ek Lo i 087 ) (o15150m)
0- 180" degreos 2n.08in 03 m) 21080 09m) Weight 3385 4o, (15,6 ko) MWD Dogleq | With Rotaton | 20°/100 f. (2030 m)[10°/100 . (10°/30 m) 137100 f. (1330 m)|6:5%100 . (65'130 m)
racy +1@NC LA i) Ve k) e i 82510 10375 n. (209625 35 am) Severty [Wihout Rotation | 4577100 1. (6530 m) 301100 . (80730 m) 207100 . (20°30 m)| 13°100 . (1330 m)
ey oYy BCP-
. 676 box up/ T8 box =
Vertcal Resouton Static 4.5 n/min4 inmin (.81 cmimin-10-16 ammin)
: : v . . 10in@S0 . (254 cm@15 m}0.25 mimin
Electromagnetic Propagation Resistivity (EPR) Vertica Resoluion Dynamic e T T ey
Moasurementof Porosy 01005 I
Tool 0.D. 3.375in. 475in. 6.75n. 825in. Min mud Resistivity 0.02 chm.m -
E P R P 378in 105875 587500675 8510975 1225 Shell Diameter 15in. @81 mm)
(96-150mm) (150172 mm) 216261 mm) @11mm) St Thickness 02¢in.@mm)
Prossure 20000 ps (1378 MPa) Wax. Number of Echoes 2000
Temperature. 300°F (150°C) Mc iw:fx:w'v 5 5‘0.: xu IG R
Length m) m) o i
. ranasm nerm 2 erm 2 erm Precsion <10 puPAP Generator Caliper Corrected Neutron Porosity
i Weight 175 Ibs. (79 kg) 600 Ibs. (272 kg) 1,280 Ibs. (581 kg) 1,595 Ibs. (725 kg) Depth of Investigation 14in. (356 mm)
- e g ey 2 e e e I (GCN)
3in. COP Pin Downhole | 3-1/2 in. |F. box down 4-1/2in. |F.boxdown |  65/8 n. Reg box down Freq of Sensitive Volume 245 kHz.
)/ Y el o/ ! ) ol el Operating Positic Centralized
Dogleg | Max. Rotating. 20°1100 ft. (20°/30 m) 12°1100 ft. (1230 m) 9°/100 ft. (9°/30 m) 8.2°/100 ft. (8.2°/30 m) :’; ;:mm:" Vemm" o H:zumal Tool Dismeter 4,75 in. (120 mm)i6.75 in, (171 mm)/8.25 in. (210 mm)
Soveriy | Max Sidng | 457100f (5R0m) | 307100R @0ROm) | 1600 (16930 m) | 8271001 6250 m) il o Horzon N o 0000 b0 (157 5 P
Pulsation Damper Recommended, 1/3 Standpipe Pressure 9%9 Rotating 877100 f. (67730 m) Make-up Length 15 #-8.98 in. (4.8 m)
Data Acquisition Mud pulse telemetry to surface and downhole memory Max. System Shock Level 30 min at shock level 5 (50-gn threshold or P Vit 20 G, random frequency range 20~100,100 ~200 Hz
Totemety Type Positve Pue i accumuiatd 200,00 shocks above 50 gn) Directional ressure Snock 500G, 11 ms semsine wave
Torque. 23,500 ft. Ibf (31,800 N.m) irectional Neutron Energy 25MeV
- — 9 108
2 e Resisiviy 400 iz Resistviy Max. P < . Neuron Yieid >
Rance 01103 0000nmm 0110 10000nmm - & Vibration Azimuthal GR Moasrement Rango 0010050
R - RN <0 25 o) WD-O BCP-O * v e ore apv @zt
— S < i p i I m - epeatabilty pu.@20pu .
g el 20 ) S e 225 torin) Formation Tester While Drilling (FTD) Azimuthal GR - = .
Range 0.1 to 500 ohm-m 0.1 to 200 ohm-m Res'stlv'ty
) o 2% 0.1 1050 o) 5% (0110 10 ohmem) —r o o
Atenuaion e o 4821012243 mm) 575 n. (4605 mm)| 825 n. (2008 mm) 826 n. (2349 ) &
Vertical 81n. (20 om) for 90% 12in. (30 cm) for 90% 5.5in. (139.7 mm) optional with optional collar Directional H
Resolution Operating temperature 300 °F (150 °C) 3 i i
Toollength 020 (123m) 311 @45 m) & Vibration 1
D h I Weight 2,000 Ibm (907 kg) 2,866 Ibm (1.300 kg)
ownhole ) . et 51001 (15750m) wrioon @rom)
Azimuthal Resistivity Drilling (ARD) iing mode 307100 . (30730 m) 167100 1. (16730 m)
otor B il and Lateral Shocks 109 ms
Dismeter 75, (172mm) Messurement ype Probo prtest . .
Hole Diameter 8375 n-10.625 n. (213-270 mm) Prossure gauges High-precision quartz and strain Pressure & Caliper Measurement While Drilling
M Prossurs 20000 psi (140 MPa) Pover suppies Batery, MWD trbin power (PCD)
Vasimum Tomporaur S00°F (150°C) RS U
Recommended Diameter 85in. (216 mm) i " 1.75in. (44.45 mm) OD 2.25in. (57.15 mm) OD
Length 11031 (3.36 m) Probe dimensions 0.4 in. (11.18 mm) ID 0.561n. (14.22 mm ) ID " "
Weight 1274 1bs (578 k) } Vol 01025 o, ully adjustable M:o:l ob. 475in. - (\‘ I .; 750n
Connections 45inIF Pretest: 011020 cmls. x Pressure 000 psi a)
Mud Flow Range. 200-900 gpm (760-3400 Ipm) | Deta pressure 6,000 psi (41 MPa). 56,000 psi (>41 MPa) Maximum Temperature 300°F (150°C)
e | Rotating 9100 1. (9°/30 m) Setting piston diameter reach| 1.38 in. (35.05 mm) more than tool OD |  2.00 in. (50.00 mm) more than tool OD - Make-up Length 6f-28in. (1.9m)
[~ sidng 167100 . (16730 m) o — Upto o min L Operating Time. Realtimel No limited 90-260 hrs
Dl At D T VBT e T ) o s o irsion ___Inclination Data Acquisiion Type Roakimo & Downtol Record
—T— Yaon ceom satr sty 150prtot 1o 25061 2 WP dravdown 1275 F (125 ) Inclination RSU Prsssurs NessuremetRarge 02500058
Dopths o nvestgaton 71 62m Catpor Measurement Range 530t07.30m 7300950m
Repestably 24 n, (51 cm) (ighresolton) Maxiu exorna pessure 20000 s (138 MPa) (13510 165 mm) (18510 206 mm)
16 Flow range 14 Limin) | Caliper Accuracy 40.2in. (£ 5 mm)
HbuildLWD InteLWD




