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HEL™ EMpulse™ MWD System

The hostile-environment logging (HEL) EMpulse MWD system

is specifically designed for hostile drilling environments, such as
underbalanced drilling. Designed to operate at temperatures up to
302°F (150°C) and to withstand downhole pressures up to 30,000 psi
(207 MPa), the HEL EMpulse system meets or exceeds all existing
logging-while-drilling (LWD) system specifications. This system can be
run in conjunction with Al-Shaheen’s MWD and LWD tools, including
gamma ray, resistivity, neutron density, bore and annulus pressure,
and ESM as well as with the Revolution® rotary steerable system.
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Applications

* The HEL EMpulse system is qualified using the most stringent testing
regime in the industry. Tests include flow-loop erosion, lost circulation,
high-pressure tests at elevated temperatures, and aggressive vibration
qualification including innovative random-on-random standards during
multiple temperature cycles.
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Features, Advantages and Benefits (78m)

* Electromagnetic transmission is independent of wellbore hydraulics.

* Rated up to 30,000 psi (207 MPa) operating pressure, depending on
tool size.

* Reliable operation at temperatures up to 302°F (150°C).

* High flow rates for all size tools: 4 3/4 in. (400 gal/min), 6 3/4 in., 8 in.
(800 gal/min), 8 1/4 in. and 9 1/2 in. (1800 gal/min).

* System handles lost circulation material (LCM) up to 80 Ib/bbl.

* The electromagnetic transmission system uses battery power
to generate electromagnetic waves.

* Bore/Annular Pressure (BAP™) sensor uses quartz transducers
to provide highly accurate bore and ;

annular pressure measurements. — DS

* Integrated Directional Sonde (IDS™)
provides directional
and toolface measurements.
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HEL™ EMpulse™ MWD System

Specifications

Mechanical Specifications

Nominal SensorOD | 4 3/4 in. | 6 3/4 in. 8 in. 814 in. | 91/2in.
Maximum OD 51/4in. 73/8in. 85/8in. 8 7/8in. 91/2in.
Length (HEL EMPuise | 95 253t 2521 2561 2581
system)
Weight 1400 Ib 2850 b 4100 Ib 4000 Ib 5500 Ib
Top connection 31/2IFbox | 41/21IFbox |658Regbox| 51/21IF box |7 5/8 Reg box
Bottom connection 312IFpin | 412IFpin | 658Regpin| 51/2IFpin |75/8Regpin
Make-up 9900- 28,000~ 52,000~ 53,000~ 75,000~
torque 10,900 ft-Ib | 32,000 ft-Ib | 56,000 ft-Ib | 56,000 ft-Io | 78,000 ft-Io
Maximum torque | 16,700 ft-Ib | 44,700 ft-Ib | 77,300 ft-Ib | 80,100 ft-Ib | 112,000 ft-Ib
Maximum tension 528,0001b | 978,0001b | 1,480,000 Ib| 1,450,000 Ib | 1,870,000 Ib
Bending strength ratio 2:10 2:53 270 247 3:10
Maximum dogleg
severity, rotating 20°/100 ft 11°/100 ft 10°/100 ft 9°/100 ft 8°/100 ft
Maximum dogleg
severity, sliding 36°/100 ft 19°1100 ft 16°/100 ft 15°100t | 14°/100 ft
Equivalent bending 4.75in. 6.75in. 8.0in. 8.25in. 95in.
stiffness (OD x ID) x3.221n. x4.20in. x4.181in. x5.171n. x5.161in.
Maximum operating
temperature 302°F (150°C) | 302°F (150°C)| 302°F (150°C)| 302°F (150°C)| 302°F (150°C)
Maximum operating 30,000 psi | 30,000psi | 30,000psi | 25000psi | 25,000 psi
pressure (207 MPa) | (207 MPa) | (207 MPa) | (172MPa) | (172 MPa)
Maximum flow rate | 400 gal/min | 800 gal/min | 800 gal/min | 1800 gal/min | 1800 gal/min
Maximum sand content 2% 2% 2% 2% 2%
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HEL™ EMpulse™ MWD System

Specifications (continued)

Sensor Specifications

Nominal SensorOD | 434 in. | 634 in. 8in. 814 in. | 91/2 in.

BAP™ Sensor
Transducer type Quartz crystal | Quartz crystal| Quartz crystal | Quartz crystal | Quartz crystal
Resolution 1 psi 1 psi 1 psi 1 psi 1 psi
Accuracy £ 75psi £ 7.5psi +75psi £ 750psi £ 75psi
Repeatability + 3 psi + 3 psi + 3 psi * 3 psi + 3 psi
Measurement range 0-30,000 psi | 0~30,000 psi| 0-~30,000 psi {0-25,000 psi | 0~25,000 psi
Vleasure pont o 106% | 106% | 106f | 106t 1061

HAGR™ Sensor Specifications
Measurement range 0-250API | 0-250API | 0-250API | 0-250API | 0-250API
Accuracy + 2 AP + 2 API + 2 AP +2API 1+ 2API
Vertical resolution 18in. 18in. 18in. 18in. 18in.

+5AP1 | £5API | £5API | +5APl | +5API
@100fhr | @100 fthr | @ 100fthr | @ 100fthr | @ 100 fthr

Statistical repeatability

Veasrepontfom | a5t | t23n | 24t | t24n | 124t
IDS™ Sensor Specifications

Sensor face update period 3sec 3 sec 3sec 3sec 3sec
Sensor face accuracy £15° £15° £15° £15° £15°
Inclination accuracy £0.1° £0.1° £0.1° £0.1° £0.1°
Azimuth accuracy +05° +05° +05° £05° £05°
Survey update 30 sec 30 sec 30 sec 30 sec 30 sec
Vleasure pont o 571 531 561 561 561

ESM™ Sensor Type - All Sizes

Sensor type Single-axis accelerometer
Measurement Lateral shock and vibration
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