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About Viper Energy Technology
Viper Energy mud motors continue to establish several worldwide drilling 
records and are the Drilling Motor of choice throughout the current demanding 
drilling industry. The state-of-art Viper motor is one of the few motors that 
can withstand today’s common horizontal high build up rate (BUR), ultra-high 
torque and weight on bit (WOB) requirements.  Unlike the competition, the 
short bit to bend (SBTB) enables the Viper motor to drill the curve and lateral 
hole sections, all in one single record-breaking run. The Viper (SBTB) gives it a 
huge advantage over all the competitors with increased BUR capacity, even at 
lower bend settings while also reducing the damaging vibrations caused by the 
typical downhole rotation.  The longer bit to bend of the typical competitor’s 
motor, will always result in much higher and more severe downhole vibrations 
which will contribute to premature failures and reduced life of the motor or 
other drillstring components.  
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Understanding customer needs and the rise in demand through today’s technology, Viper has developed the most diverse, robust motor in 
the industry today.

Where the competition is attempting to modify existing designs to benefit today’s technology through power sections and drilling procedures, 
Viper has done it all in one. Viper Drilling Motors feature the largest driveline on the market today, following with large bore bearing sections 
for maximum performance, as well as unmatched on and off bottom loads for all applications and user confidence.

Our goal is to supply the most reliable Motor in the industry through innovation and experience, creating a cost effective, confident 
relationship with all of our customers. Our service and maintenance personnel are some of the most experienced professionals in the 
industry and are supported by a senior staff with over 60 years of combined experience in downhole motors, MWD and Directional Drilling 
Applications. 

All Viper Drilling Motors are manufactured in the USA, produced from the best materials and strictest quality standards available in the 
industry.  Working towards having a long relationship with our satisfied clients, Viper obtains the ability for the best delivery time and price 
structure on parts and orders, as well as modifying additional customer requests.

Combined this with the years of experience upgrading materials used in critical components, coatings for various drilling conditions, and 
stress reliefs to ensure high bending strength ratios are all met, the Viper series motor comes right out of design with the highest quality 
materials, design and features to exceed expectations from all competitors.
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Viper Downhole Motors are delivered with complete material certification packages and full serialized major components to provide future 
traceability. Each step during the rigorous manufacturing process starting from the raw material to the finished assembled product is closely 
monitored and tracked.  Upon delivery of each motor or component, the client will receive the certification package and will have the full 
assurance that it meets the highest quality standard in the industry. In addition, we can provide rental, lease to purchase or purchase options 
with qualified training and 24/7 technical support.

The Viper Python Series Motor maximizes the increased diameter of the tool size by creating unique, oversized connections and components 
to standup to operating and stall torques for the next generation of power sections entering the market. Overall cross sections and 
connections types provide on average of 40% increase than traditional tools for torsional strengths in connection make up and shear 
strengths.

Viper’s large motor enhanced features and major advantages are extended to Viper’s coil tubing  motors.  Available sizes range from 1-11/16” 
OD for coil operations and up to 11-1/4” OD for large drilling hole applications.  

The Viper downhole motor was not designed based on copying old style mud motors.  All old “cookie cutter” mud motor preconceptions and 
limitations were thrown out the window to build “from scratch” the most powerful and efficient designed motor in the drilling industry. 
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Power Sections and Flex-Coupling Transmissions
Our field-proven power section designs provide the optimal combination of speed and torque delivered directly to the bit which produces 
unsurpassed performance. Viper has the right power section to meet the most demanding environments. Speed and torque delivered from 
the power section is transferred via a high strength flex-coupling transmission for maximum torque output and reliability. 

Combined FLEX SHAFT / BALL JOINT design reduces area of a coupling at the rotor, taking eccentric motion  of the power section & transfers 
power to concentric motion to bearing pack - uses best material available This is the highest rated transmission on the market.

This connection and design exceed stall torques of the new age power sections and gives the operator the comfortability to use the power 
section as the application demands, and not to minimize their operation due to traditional motor designs.

Top Sub / Rotor Catch
Top Sub Features a one-Piece Rotor Catch Housing, Float Bore and Top Connection all in one piece eliminating additional body connections. 
Rotor Catch Stems Torque directly into the top of the Rotor, and are mounted with a large cap inside the Top Sub for retrieval of the entire 
motors and eliminate the expensive fishing procedure of a rotor / motor.
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Fixed Housings / Adjustable
Fixed Housing available in multiple angles upon request. Kick pad’s dressed with Hardened and Malleable coatings to withstand life during 
slides and create consistent build rates and reduce costs while operating. Adjustable Housings are available in 0 – 3-degree increments and 
feature saw blade type splining for ease of adjustment in the field and to ensure proper connection torque during operation.

VIPER MOTOR OPTIMIZATION MODULE (ON BOARD) VIBERSMART

Data Sets:
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• Exclusive technology
• Sensor placed in motor top sub, motor bit box or in 

another BHA component.

• Memory data downloaded at surface for interpretation.
• Data reviewed with depth verses time. 

• Temperature
• True Motor RPM
• Axial Shock and Axial Vibration

• Radial Shock and Radial Vibration
• Motor Circulating Hours
• Torsional and Stick Slip Vibration

• Easy viewing and plotting capability 
for post analysis of all data sets
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Viper has an extensive line of drilling motors designed for specific applications, 
including:

Short Bit to Bend Motors:
The Viper Short Bit to Bend motor reduces drilling time by completing vertical, build and lateral sections in a single trip. Designed to deliver 
better build rates at lower bend settings. The V-SBTB motor can be rotated during drilling without costly damages. Lower bend setting equal 
less stress & vibrations on the entire BHA and harmonics.

• Directional Drilling
• Coiled Tubing/Workover
• Horizontal Drilling
• Coal Bed Methane Drilling

• Performance Drilling
• HDD/River Crossing
• Coiled Tubing/Workover
• Geothermal Drilling
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Procedures
Viper Energy Technology, in combination with Measurement While Drilling (MWD) systems and improved bit designs provide operators with 
an enhanced rotary drilling application.  Better rates of penetration are possible when a Viper Downhole Motor is matched to the drill bit and 
the formation to be drilled.  Because the Viper Downhole Motor will allow the operator to reduce drillstring rotary RPM, wear and tear on the 
casing, the drillstring and other topside components while improving wellbore penetration and drilling efficiency. 

The main sub-assemblies of Viper Energy Technology are the power section, adjustable or fixed housing, driveshaft or transmission section 
and the bearing assembly. See Figure 1.  Specialized component availability and interchangeability of the components which make up these 
sub-assemblies allow for customization of a Viper Downhole Motor to a particular drilling application.

DISCLAIMER: This handbook is intended to be an aid to the operator and is solely to be used as an information source and reference guide.  Viper Energy 
Technology makes no claims as to the accuracy of the information contained in this guide.  Actual field conditions may vary, and no information, result or 
statement contained herein shall be construed as any type of representation, warranty or guarantee by Viper Energy Technology. Furthermore, Viper Energy 
Technology is not responsible in any manner what-so-ever as the end result while using this handbook.
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POWER SECTION
Modern drilling motors are an adaptation of a positive displacement hydraulic pump in a reversed application.  It converts hydraulic power 
from the drilling fluid into mechanical power to turn the bit.  The power section has two components. The first component is the rotor which 
rotates inside of a Stator tube.  This is a multi-lobed helical shaped shaft that is chromed or of carbide manufacture.  The second component 
is a stator. A stator is a steel tube filled with a highly abrasive resistant elastomer rubber, molded with one more lobe than the mating rotor. 
The stator is stationary while the rotor spins inside of it. The difference in the number of lobes (the stator will always have one more lobe 
than the rotor) causes a cavity to be formed which is sealed along the edges.  As drilling fluid is passed through the power section under 
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pressure created by the rigs mud pumps, the force turns the rotor.  The rotating action created continues to open and close new cavities 
created by the stator and rotor combination.  This action converts the hydraulic force of the drilling fluid under pressure to mechanical 
torque to turn the bit.

Torque and rotational speed can be varied by employing different rotor/stator lobe configurations. In general, a higher number of lobes 
produce increased torque and a lower number of lobes generate increased speed. Additionally, rotational speed is proportional to the 
circulation or flow rate for a given lobe configuration. The eccentric placement of the rotor in the stator causes the axis of the rotor to 
rotate about the axis of the stator. This movement acts as a gear reduction mechanism and causes bit speed to reduce as rotor/stator lobe 
configuration increases.

Viper Energy Technology come with power sections which offer a wide range of bit speeds and torque outputs.  Additionally, power sections 
designed for high bottom hole temperatures are available. Figure 2 shows the relation- ship between the rotor with one less lobe than 
the stator tube.  As stated above, the hydraulic force of the drilling fluid as it passes through the ever-changing “void” of the empty lobe 
generates the mechanical torque to turn the bit. Given the same flow rate for both power sections shown in Figure 2, because of the larger 
cavity available for the drilling fluid to pass through, the 4:5 lobe power section will turn faster making for a higher speed motor.  At the same 
time, because the rotor is turned easier within the stator tube, the motor will generate less torque.  With the reduced cavity size in the 7:8 
lobe power section, the same flow rate will turn the rotor slower and generate more torque.
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FIXED HOUSINGS
The Viper Performance Motor is an example of a fixed housing motor.  This 
motor has a straight fixed housing with no bends.  Motors with fixed housings 
set at 0° to 3° are available through special order.

ADJUSTABLE BENT HOUSINGS
Adjustable housings are available in 0° to 3° settings.  The angle setting is easily 
field adjustable to produce a wide range of build rates.  The desired bend angle 
can be reset on the rig floor, eliminating the need to send the motor to the shop 
to be changed.  Procedures for changing the bend angle on the rig floor are 
found later in this handbook.

TRANSMISSION SECTION
The Viper Downhole Motor transmission section converts the eccentric motion 
of the rotor spinning inside of the stator tube into concentric rotation for 
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transmission to the bearing assembly.  It also delivers the torque load from the rotor that is caused by the pressure drop across the power 
section to the bearing assembly.

The transmission section in the Viper Downhole motor has been designed with a larger driveshaft than found in many other downhole 
motors.  The stouter design was engineered to transfer more torque to the bit and to significantly reduce the chance of a twist-off caused by 
the use of the larger PDC bits with more cutters currently utilized in modern drilling projects.

BEARING ASSEMBLY
The main purpose of the bearing assembly is to allow the bearing mandrel to turn concentrically inside of the outer housing. In the bearing 
assembly, the torque from the power section as transferred through the transmission section is transferred to the bit.  The radial bearings 
in the bearing assembly keep the bearing mandrel centered and running true while counteracting the forces applied to the mud motor from 
the bit while drilling.   Thrust bearings are stacked one on top of the other to accommodate “on-bottom” drilling weights. The assembly also 
houses “off-bottom” thrust bearings which are used during circulating and non-drilling activities.

In sealed bearing pack motors, the bearing assembly is pressure balanced and the bearings are enclosed in an oil-filled, self-contained 
reservoir that is sealed to prevent contamination from the drilling fluid.
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In mud-lubed bearing pack motors, the bearing assembly is also a pressure balanced system in which a percentage of the drilling fluid 
passes through the bearing chamber to lubricate the bearings. 

Viper Energy Technology offers both sealed bearing pack and mud-lubed bearing pack motors which are designed to accommodate nearly 
any drilling need.

Top Sub
A top sub, or crossover sub as it is sometimes called, is used to attach the motor to the drillstring.  The crossover sub typically has a standard 
API box connection that connects to the drill-string and a pin connection that connects to the motor. Top subs may also be designed with a 
float bore for those applications that may require float valve.   

Rotor Catch
Viper Energy Technology are available with Rotor Catch assemblies which will assure the extraction of the rotor from the motor should there 
be a failure further down in the assembly.  All Viper motors are delivered with a rotor catch.
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Drilling Motor Applications
Operators, drilling contractors, and service and supply companies continue to strive to improve drilling technology.  Since the very beginning 
of rotary drilling more than 100 years ago, their goal has been to reach their drilling objective in various drilling environments, quickly, 
efficiently, and at a reasonable cost so wells are productive and profitable. Through that time, drilling targets have become increasingly more 
complex and more difficult to reach.  Being able to drill further, faster and longer required a method of delivering more horsepower to the 
bit without rotating the drillstring.  Downhole mud motors which can deliver varying levels of horsepower, RPM and torque, have become the 
best way to accomplish that goal.

However, more than one mud motor design configuration was required to fill the needs of different drilling applications.  This need has led to 
the design of several different types of downhole motors specifically configured to the drilling application for which they are needed. Typical 
applications and motors are presented in this section.

Performance Drilling (Straight-hole / Vertical drilling) Applications
A high speed drilling motor can be used for performance drilling applications. By turning the drill bit several times faster than the drill-string, 
a motor can effectively provide an increased rate of penetration (ROP). Since the motor is providing the rotation to the drill bit, rotational 
speed (RPM) of the drill-string can be significantly reduced from standard rotary drilling speeds, thus resulting in reduced drillstring wear and 
fatigue.  The mud motor can provide angle control during adverse conditions, and aid in kickoff, and in correction and sidetracking situations.
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In planning of today’s more complex wells, downhole motors offer considerable benefits as opposed to conventional rotary drilling 
technology, that must be taken into consideration in the cost / benefit analysis between drilling with and drilling without a motor.  Some of 
the benefits of drilling with a motor for vertical drilling applications include:

• Reduced drilling time as a result of faster rate of penetration (ROP)
• Reduced drill-string rotational speed, resulting in less wear and fatigue on drillstring connections.
• Straighter holes resulting in faster and smoother casing setting.
• Better quality in-gauged hole

Directional Drilling Applications
Cost efficient directional and horizontal drilling requires a “steerable” system which can drill through different formations without the need to 
trip to change assemblies. Viper motors can be configured with either a slick assembly or with a fixed or adjustable bent housing depending 
upon the specifications of the drilling project.

Drilling with a motor configured with either a fixed or adjustable bent housing with a stabilizer on the bearing housing and, depending upon 
the application, with one or more stabilizers in the drill-string above the motor effectively accomplishes this goal.  Using this configuration, 
drilling can be accomplished in both oriented and rotary modes. Figure 3 shows an example of this type of configuration.  
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The advantages of this set-up include:

• A planned build rate can be adhered to using a combination of orienting and rotating.
• Drilling performance is enhanced because of the ability to deliver maximum horsepower and torque at the bit.
• The motor makes it possible to better achieve the desired bit speed which has been matched to the formation characteristics.
• Once the desired build is achieved, the assembly can be rotated as necessary to hold angle and make minor corrections to 

inclination and azimuth. As a result of being able to correct the wellbore course at any time.
• Torque and drag are reduced through the minimization of tortuosity
• Extended intervals can be drilled without the need to trip for assembly changes
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The steerable assembly or assemblies used in a well plan application are dependent upon the desired rate of build, dogleg severity needed, 
and the expected rate of penetration (ROP) in both oriented and in rotary modes.  The degree of bend in the motor is critical to effective 
management of efficient drilling.  

Among the important considerations are:

• To reach the desired build rate, the expected build rate in oriented mode should be slightly higher than required.  If the actual 
build rate is greater than required to meet the parameters of the well plan, a combination of oriented and rotary drilling can be 
used to make necessary adjustments.

• An assembly configured to build in rotary mode will build at a slower rate and thereby increase the length of the build-up 
section.  Short periods of oriented drilling may be needed to ensure the average required build rate is achieved.  This specific 
application would apply where the end of the build section coincides with a casing point, or where ROP in rotary mode is 
significantly more than in oriented mode.

NOTE:  Rotation of the drillstring with a Viper motor set at 2° or higher is not recommended.  The customer will be billed for any repairs to the motor which result 
from rotation of the motor set at 2° or above.
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If orientation is anticipated for only short course corrections in an extended drilling interval, a smaller degree of bend in the motor will help 
reduce dogleg severity over the oriented sections and minimize bending stresses in the motor while rotating.  However, in a long horizontal 
section, high frictional forces could severely reduce ROP when in the oriented mode.  To insure a steady efficient ROP, a greater bend in the 
motor will enable oriented corrections to be made over a shorter distance.  Again, rotation of a motor set at 2° or above can cause severe 
damage to the motor, motor failure downhole, and loss of the wellbore.

Introduction of a bent motor housing into the drill-string increases the bending stress above and below the bend.  This stress is maximized 
when the bend is oriented opposite the hole curvature.  Conversely, minimum stress occurs when the bend is aligned with the hole 
curvature.  If the stress is above the endurance limit for the motor housing or connections, a failure will occur.

Downhole fatigue failure can be prevented if certain limitations are considered.  The fatigue life / bending stress is affected by hole size, 
motor size, bend angle, hole curvature, toolface orientation, inclination, and stabilization, among other factors.  
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General recommendations which help prevent failures are:

• Drillstring rotation should be kept as low as possible.  Most applications can be utilized with drillstring rotations in the range of 
40-70 RPM. 

• Backreaming off bottom should be done with care. The maximum bending stress for each downhole motor size is a function of 
the items listed above (hole size, motor size, hole curvature, motor bend angle, hole inclination, stabilization) as well as stress 
caused by compression from applied weight on bit and size and stiffness of the drill collars located above the motor.

• Each motor run should be evaluated individually for potential fatigue factors.

Horizontal Drilling
Horizontal drilling has become more common over the last decade.  Horizontal drilling is an application of directional drilling with a steerable 
system, and could not be accomplished without the aid of a downhole motor.  The use of a mud motor makes it possible through controlled 
orientation and rotating to steer the wellbore down to a horizontal depth at a desired location with a desired azimuth.

Using the motor in the horizontal section, instead of attempting to rotate the drillstring, enhances the rate of penetration due to the 
mechanical horsepower which the motor applies to the bit, while reducing potential failures due to fatigue or sticking.  The motor is used to 
keep the well on course with changes made as needed in the orientation, and can be configured as necessary to provide the dogleg severity 
needed to reach the well plan target(s).
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A wide range of power sections is available to accommodate performance in either vertical holes or extended interval horizontal drilling.  By 
using a low angle adjustable or fixed housing motor with a stabilizer (usually ¼” underguage) on board, sliding to achieve course corrections 
is aided.  Selecting a motor for desired torque, RPM and horsepower which is matched to the bit (PDC, diamond, or rockbit) and the 
formation(s) to be drilled will result in the best performance in terms of ROP and efficiency of reaching the desired target(s).

Hole Opening
The ability to drive large aggressive hole openers with a motor provides considerable flexibility when performing hole opening operations.  
In an opening operation, the additional cutting face requires higher torque to turn the bit/reamer. In these cases, the operator has the 
option of not rotating the drillstring, rotating the drillstring at a lower RPM in order to avoid damage to the casing or liner, and in many cases, 
rotating the drillstring only to achieve improved performance and better hole cleaning.

Hole Spudding
Offshore spudding operations can be aided by the use of a high torque, low speed drilling motor.  In this instance, the drillstring can remain 
stationary or be used only to optimize drilling performance.  The low flow rates help to minimize the possibility of bore hole wall and sea bed 
erosion damage.  Higher flow rates required for efficient hole cleaning can be achieved when correctly nozzled jetted rotors are used.  The 
high motor output torque allows controlled drilling operations to proceed with lower a weight on bit.
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Conductor Pipe Setting, Cutting and Milling Operations
In cases where experience has shown the likelihood of problems due to hole wall collapse or string / formation contact hampering setting of 
conductor pipe, a motor and an underreamer may be used. An example of this type of situation are where the wellbore features a formation 
of high pore pressure followed by another layer with significantly lower pressure.  Severe mud losses with simultaneous hole collapse are the 
common result.  Another application would be in drilling unconsolidated sands or other unstable formations.  

In these instances, drilling and the running of pipe liner are accomplished simultaneously.  Although, mud losses and hole collapse may still 
occur, the liner is then already in place and protects the borehole.  When the desired depth has been reached, the underreamer is retracted 
and the drilling assembly can be removed from the conductor pipe.  Since there is no rotation of the drillstring in the conductor pipe, a high 
level of torque to the underreamer is achieved while wear to the conductor pipe is minimized.  In the same manner, a motor can be used to 
provide high torque without high drillstring rotation for casing cutters in both vertical and highly inclined holes.

The output torque range of motors provides flexibility for milling cement plugs and milling metal in casing windows and complete casing 
sections.
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Air and Foam Drilling
The Viper Sealed Bearing Pack downhole motor is the ideal configuration to be used when drilling with air or foam.  Because the bearing pack 
is lubricated and sealed, the motor is not seriously affected by the lack of lubrication in the drilling media.  The bearing pack is cooled by its 
internal lubrication. That said, careful attention should still be paid to all operating parameters in the planning and drilling operations when 
drilling with air, mist or foam.

Much higher volumes have to be circulated to obtain adequate hole cleaning when using these mediums because of their lower drill cutting 
lifting capacity.  These higher flow rates must be considered when selecting the motor to use.

Because of the compressibility of air, differential operating pressures should be kept constant during drilling operations with air, foam or 
mist.  A motor stall may not be signaled by an abrupt increase in standpipe pressure as would be the case with conventional drilling fluids 
since there is a time delay between actual motor fluctuations and standpipe fluctuations observed at the surface.  However, an immediate 
loss of ROP would likely indicate a stall.  Adjusting weight on bit gradually to attain the best ROP is more critical with air or foam because the 
motor is more sensitive to weight on bit changes than when run with conventional fluids.

When using air, foam or mist, standpipe pressure must be reduced before lifting off bottom to restart a stalled motor or when a connection 
is to be made.  Allowing a motor to run freely off bottom may cause the motor to suffer significant internal damage.  The motor may have a 
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runaway situation where the motor RPM rises above design parameters causing severe vibration and internal damage.  If air is used, it is essential 
that a lubricant is added to the air in order to form a mist which will provide necessary lubrication and reduce friction to the dynamic load bearing 
surfaces.  Liquid soaps and gels mixed with fresh water are generally used and injected at rates between 7 and 11 barrels per hour.

Motor Applications Planning
Many factors go into the decision of which Viper Downhole motor would be the most advantageous to use for a particular drilling project.  Many 
of those factors are considered during the well planning stage of the project, aided by drilling software programs and consulting the directional 
expertise of  your Viper Technology representative.  Those considerations include:

• BHA analysis which considers individual components, component sizes and placement for directional performance while sliding or 
rotating.

• Torque and drag analysis of the various BHA components, including reactive torque.
• BHA stress analysis with respect to various loadings from drillstring components and projected formations.
• Hydraulic analysis taking into consideration hole cleaning and motor and bit operation as well as hole stability.
• Well path considerations to avoid collision and insure reaching the target formation or location.
• A drilling operations plan which considers contingencies, drilling economics and monitoring of actual well progress vs. proposed plan. 
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Once the proposed plan has been examined and understood, motor applications planning takes over.  Good motor applications planning 
must consider all aspects of the drilling objectives, downhole parameters present, surface equipment, and downhole equipment.

DRILLING OBJECTIVES CONSIDERATIONS
Well profile, points of interest, (formation changes, faults, dips etc.) initial inclination/azimuth, kick-off point, build rates, drop rates, 
tangent sections, permissible dogleg severity, intermediate inclinations / azimuths, required rates of penetration, MD’s, TVD’s, horizontal 
displacements, time periods for operations, final inclination/azimuth, well geometry (smooth transitions), number of bits, trips and time 
factors.

DOWNHOLE PARAMETERS CONSIDERATIONS
Known hole problems – sloughing shales, differential sticking, string drag etc.

HYDRAULICS REQUIREMENTS 
Mud properties, flow rates and system pressures for motor operation, bit hydraulics, hole stability, hole cleaning. 
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CIRCULATING FLUID DATA 
Chemical constituents, weights, viscosities, solids content, additives (LCM, friction reducers), formation fluids chemical constituents.

FORMATION LITHOLOGY
Types, dips, faults, drilling characteristics, etc.

SURFACE EQUIPMENT CONSIDERATIONS
Pump pressure and flow rate capacities. Draw works overpull capacity. Drillers console gauge reliability/accuracy - flow rate, pressure, WOB, 
overpull, string rotation, reactive torque. Drillpipe Filters/screens to be utilized.

DOWNHOLE EQUIPMENT CONSIDERATIONS
BHA component geometric and physical properties, placement and performance with respect to directional tendencies, bending stresses, 
shock loading, fatigue loading, vibration loading, effects on motor and survey equipment performance and data transmission.
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Drill Bit Considerations
Viper Energy Technology can be run with Tri Cone, TCI and milled tooth bits, PDC and diamond bits.  Viper offers specially designed drill bits 
with superior bit technology to meet the needs of today’s drilling projects.

When planning drilling operations with drilling motors, the same basic considerations for bit selection used in rotary drilling operations are 
applicable.  While the formation to be drilled is a key factor for consideration, the increased RPM at the bit generated by the motor and 
varied WOB comparable to conventional rotary drilling applications are also factors to be considered in bit selection.

The primary objective of bit selection is to provide a cost-effective means of drilling with the desired ROP and directional control.  The 
selection seeks a balance between minimizing hole and casing problems and maximizing bit, motor and associated tooling reliability and 
longevity.

Drilling rate and bit wear is determined by the interrelationship of bit, formation properties, drilling fluid type, hydraulics and mechanical 
drilling parameters (such as drilling motor characteristics).

Formation properties which affect bit design (geometry, material specifications etc.) should be considered with motor mechanical bit loading 
parameters. Formation properties include compressive strength, abrasiveness, porosity, deformational mode, permeability, stickiness, 
formation thickness and fracture bed types (which can affect directional control of steerable motors).
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The bit cleaning and cooling effects of various drilling fluids should be considered along with the effects on motor operation or components in 
matching of motors and bits to specific formations.  The ideal selection of drilling fluids will provide well control, conditioning and cleaning of the 
wellbore and minimization of wear on the motor and the bit selected.

Mechanical drilling parameters which are directly related to bit selection include motor output RPM range (which may be supplemented with 
drillstring rotation), WOB (which is generally less than with similar rotary applications) and vibration/shock loading.

Operating Hydraulics
Every effort has been made to design the Viper mud motor to be as compatible as possible with conventional rotary drilling practices, surface 
/ downhole equipment and drilling fluids.  A wide-selection of motors is available which can operate in water (fresh or salt), water-based mud 
systems, oil-based mud systems, chemical (polymer) mud systems, air and foam systems with lubricants.  These circulating fluids provide a 
source of hydraulic energy which is converted to mechanical energy in downhole motors and MWD systems.  

Additionally the drilling fluids provide cooling for downhole tool components which interact with the formation and other tool components and 
hole cleaning by suspending and moving solids and cuttings to the surface.

Proper hydraulics planning in the well planning process endeavors to promote motor operations efficiency while enhancing motor performance 
and reliability.  Consideration must be given to the pressure losses in the hydraulic system which are introduced by the drilling motor.  
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Frictional losses in the motor power section and internal components below the power section result in fluid pressure losses.  These losses 
must be considered along with losses from surface equipment (pumps, hoses, etc.) and the internal and annular losses from drillpipe, collars, 
and other BHA components.  A proper hydraulics plan / review will take into account the planned motor, planned BHA components, drilling 
fluid, etc. to maximize the performance of the projected drilling plan and proposed drilling fluid.

The motor frictional pressure losses are minimal as the motor is run free off bottom or at the surface.  Differences in power unit designs will 
result in differences in the free running pressure loss values between motor sizes.  It should be expected that each motor will have slight 
differences in frictional pressure loss due to mechanical parts fitment and individual wear characteristics.

As the motor contacts the formation downhole and WOB is applied, the increased torque requirements as the bit begins to drill, the 
differential pressure will rise.  Given a constant flow rate, an increase or decrease in WOB will result in proportional increases or decreases in 
torque and differential pressure.  In many cases, varying the amount of WOB applies can result in optimization of ROP.  

Along with varying WOB, flow rates and drill string rotation rates can be varied to accommodate formation characteristics. Since formations 
are rarely homogenous, output torque is not directly proportional to the WOB used.  Additionally, factors such as fluid characteristics with 
additives aboard, temperature changes and formation fluids or gasses can affect both free running and operating differential pressures. The 
maximum operating differential pressure which is specified is below the maximum attainable by the motor.
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Viper motors should not be run outside the specified operating ranges.  The specified operating parameters for Viper motors are designed 
to promote efficiency and longevity of the motor.  Since higher differential pressures accelerate the wearing of internal parts, motor control 
is reduced.  Reduced motor control increases the tendency for the motor to stall or cause serious internal damage to motor components.  
Damage caused to motor components due to the operation of the Viper motor outside of specified operating ranges will result in additional 
charges to the customer for repair or replacement of those components.

Rotor Jetting
In some drilling applications, a high circulation fluid flow rate for bit and hole hydraulics may be needed.  Other applications may require 
that the bit be rotated at a specific speed.  In these cases, the high flow rates affect rotor / stator seal efficiency causing fluid leakage and 
increased rotor and stator wear.  A motor configured with a rotor which has a machined axial bore and interchangeable jet nozzles can be 
utilized in these situations.

When the jet nozzle is used, the nozzle diverts excess flow from the power section.  This allows sufficient pressure build-up across the 
rotor and stator to produce the required torque and bit rotation without excessive wear on the rotor and stator.  The nozzle size should be 
carefully selected for the specific application.
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Whether a motor has a solid rotor or is jet nozzled, a given flow rate and pressure supplies the same hydraulic energy.  All of the hydraulic 
energy is available to drive the rotor in the case of the solid rotor.  However, in the jetted rotor, some amount of pressurized flow rate is bled 
off through the nozzle, resulting in less pressurized fluid available to drive the rotor.

As the pressure drop across the rotor and stator varies, the fluid volume passing through the rotor jet nozzle also varies.  As the motor 
circulates off bottom, this volume is at a minimum.  It is important to select the rotor jet nozzle size so that, when circulating off bottom, 
the flow through the rotor / stator does not exceed the maximum recommended flow for the motor.  A relatively large diameter nozzle is 
required under the no load (off bottom) situation since the pressure loss across the rotor and stator is low. High flow rates would then pass 
through the nozzle at high rotor/stator pressures.  The flow through the rotor and stator under high load conditions is significantly reduced 
by the flow passing through the nozzle.  RPM and HP are also reduced as a result.  No additional pressure losses are added to the hydraulic 
system when using a jet nozzled rotor since the effective pressure drops across the rotor and stator and the rotor nozzle bore occur in 
parallel. 

The minimum flow through the rotor/stator should be 2/3 the maximum recommended flow rate when a jet nozzle is used to reduce bit 
RPM.  The jet nozzle can be replaced with a blanking plug when required flow rates are within the normal motor operating range or when the 
standard bit rotational speed range is acceptable.
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To select the correct jet nozzle size the following information is required:

• Planned operating differential pressure (P in psi) based on required output torque.
• Required flow rate to pass through the jet nozzle. This is equal to total flow rate minus required flow rate across rotor/stator (Q 

in gpm).
• Circulating fluid weight in pounds per gallon (PPG).

The jet nozzle area (An) may be calculated using the following formula:
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CIRCULATING FLUID CHEMICALS
Since the downhole motor is dependent on circulating fluid for its operation, all aspects of the circulating fluid should be considered with 
respect to motor efficiency and longevity.  The typical types of circulating fluids are:

CIRCULATING FLUID CONSIDERATIONS
Consideration of the type of circulating fluid to be used are related to motor wear characteristics, and potential for component damage 
through erosion and abrasion by solids, metallic corrosion and possible elastomer degradation by the circulating fluid or produced fluid 
chemicals.  The fluid considerations include:

• Fresh and Salt water based
• Oil-based fluids

• Oil emulsion
• Polymer

• Air
• Foam

• Base waters or oils and primary chemicals and solids.
• Additive chemicals, solids and gases (e.g. nitrogen).
• Recirculated cuttings solids.

• Temperature and pressure effects.
• Fluids, gases and solids introduced from the formation.
• Gas introduced during surface operations (aeration).
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WATER-BASED MUDS
The various types of water-based mud are:

• Calcium Muds – Lime and Gypsum muds used to inhibit swelling in dispersive and reactive clays and shales.
• KCI / Polymer Muds – used where there may be swelling shale and the chance of permeability damage of production zones.
• Salt Saturated Muds – suitable for drilling salt domes and salt sections.  Can be used with polymers to inhibit swelling of 

bentonite shales.  Viper offers motors with carbide rotors which can be run safely in salt saturated conditions.
• Fresh Water-Based Muds – used when drilling non-reactive or compacted formations.
• Native Muds – produced by pumping water downhole where it reacts with formation clays.  These muds typically have high 

solids content and a thick filter cake.
• Lignosulfonate Muds – used for muds where high drilled solids contamination exists and low filter loss is required.  

In water-based muds, water is the continuous phase. To provide viscosity and suspension properties, swelling clays such as bentonite or 
non-swelling clays such as attapulgite (salt gel) may be added.  To provide mud weight, inert solids such as barite, and marble or limestone 
(calcium carbonate) are added.
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To control various properties such as viscosity, yield point, gel strength, fluid loss and to control corrosion various chemical additives may be 
added.  Because of the potential for component abrasion, corrosion or elastomer degradation, the type and quantity of chemical additives, 
as well as the size, quantity and abrasiveness of inert solids must be considered in planning the drilling operation.

OIL-BASED MUDS
As a general rule, in oil-based muds, oil is the continuous phase and water is the depressed phase.  These muds are commonly referred to as 
being “invert emulsions.”  The oil phase may be highly refined mineral oils, weathered crude or diesel.  The water phase may range from fresh 
water to nearly saturated salt water.

The primary emulsifiers in most oil based muds are a calcium / sodium / magnesium fatty acid soap.  Water and treated bentonite clay 
provide gel strength and barite suspension properties.  The soaps provide emulsion stability.  In some applications, asphalt may be added to 
raise the viscosity and for filtration control.

One of the benefits of using oil-based muds is that they are generally more thermally stable than water-based muds.  They are not as 
susceptible to theology fluctuations at high temperatures. However, oil-based muds may thin out when heated, resulting in a steady pressure 
drop as circulating fluid temperature increases.
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It should be understood that chemical interactions between the motor elastomer compounds and the chemicals which make up an oil-based 
fluid could result in elastomer degradation.  Otherwise, oil-based muds normally cause less component corrosion problems than water-
based muds.  Oil-based muds also provide for higher protection against bore-hole instability due to their higher lubricity than water-based 
muds.  The result is less wear on moving components, especially bearings.  There is also reduced stress on threaded connections and other 
components caused by tight hole, high drag, and high rotary torque, etc.

POLYMER MUDS
Several problems can be encountered in clay systems.  Although they provide essential theological and filtration properties to circulating 
fluids, they may also cause high solids content, high viscosity and high gel strengths.  High solids content muds often cause high pressure 
losses which may result in a loss of hydraulic horsepower for the bit nozzles and for the motor.  High gel strengths can cause surge and wash 
problems.

Polymers may be added to water-based muds in order to regulate the solids content which is beneficial to maintaining a steady horsepower.  
The advantage of polymer systems is that they can aid in maintaining adequate viscosity and barite suspension with minimum solids content.  
Additionally, are generally compatible with other water-based fluids and the chemical make-up of most polymers is not sensitive to salt 
contamination.
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Various polymer systems have been developed for specific applications.  They may reduce fluid loss to permeable formations, enhance hole 
cleaning and increase ROP.  They can be either of synthetic origin, or be from natural sources (organic / inorganic.)  The chemical make-up of 
some polymers will allow their use downhole in temperatures in excess of 300°F.

Many polymer fluids have been chemically engineered to help reduce friction and therefore result in lower system pressure drops than 
found in clay-based drilling fluids.  Free running motor pressures are reduced through polymer’s friction reducing properties and minimum 
solids content.  Polymer systems should be considered for addition to water-based circulating fluids due to their positive friction reducing 
benefit on the rotor and stator power unit.  In some cases, the use of mud lubricants or thinners can also cause reduced motor operating 
differential pressures.

New Mud Systems

ESTER, ETHER AND ALTERNATIVE INVERT EMULSION SYSTEMS
The industry has developed new mud systems designed to be nearly biodegradable and more environmentally acceptable than conventional 
mineral oil-based muds.  The only significant change is the replacement of the base oil with ester, ether, or another alternative fluid.
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These alternative fluids do not contain any hydrocarbon aromatic compounds. Ester systems are temperature stable to 300˚F, while ether 
systems are used for higher temperatures.  These alternative mud systems exhibit physical properties similar to those expected with 
conventional oil-based muds.  Torque, drag, motor pressure drops, etc. react similarly.  A possible drawback, however, is that some motor 
elastomers are not compatible with these new fluids and testing of the elastomers should be done prior to use.

CIRCULATING FLUID MAINTENANCE
Hydraulic inefficiencies, drillstring / BHA component problems, and formation instability may result from failure to properly institute 
maintenance or conditioning procedures to ensure the integrity of a circulating fluid system.  The incorporation of additives into the 
system may be required do to changes in the mud characteristics during drilling or formation changes.  Changes in temperature, formation 
fluids and solids and changes required due to formation changes at different depths would be common occurrences potentially requiring 
additional additives.

Utilization of solids control equipment and the addition of chemicals and solids at the surface are the means to the needed maintenance and 
conditioning.  The chemicals or solid additives can potentially cause corrosion to metallic components of the motor or affect elastomer and 
sealing components.  Fluctuations in rotor and stator friction resulting in free running and differential pressure fluctuations can be caused by 
the geometry and concentration of added solids.  The abrasiveness of added solids may cause accelerated wear of motor components.  Sand 
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content should be maintained at less than 2% of circulating fluid during motor operations.  These factors should be taken into account in the 
selection of the exact circulating fluid mix which will be used.

CIRCULATING FLUID PROBLEMS
As stated above, mechanical equipment at the surface or chemicals and solids may be used to modify the circulating fluid during drilling 
operations to alter the characteristics of the circulating fluid.  These alterations may be required by changes in the fluid due to influxes of 
formation solids, chemicals or gasses, fluid losses or due to adverse formation reactions and drillstring problems.

To achieve a basic understanding of the changing nature of a circulating fluid system, and the effects that contaminants of maintenance and 
conditioning operations may have on motor performance, some of the common circulating fluid problems are discussed.  The following list 
details the contaminants commonly encountered in drilling fluids:

• Formation solids
• Soluble salts, including cement (e.g. sodium chloride, calcium sulfate, etc.).
• Acid gasses (e.g. hydrogen sulfide and carbon dioxide).  Although these contaminants are commonly found in both water and 

oil-based muds, they do not normally present a serious fluid system handling problem.
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Clays, shales, sands and unconsolidated formations increase solids content of the fluid due to interaction of the drillstring / BHA with the 
hole walls.  Shales and clays may hydrate, swell and erode, especially in water-based muds, which can cause a rapid increase in mud solids 
content and mud viscosity.

Soluble salts act on some water-based mud solids in a manner that caused the fluid to thicken and water loss to increase.  This can act with 
high solids content to increase potential for motor component wear.

Increased solids in drilling fluids can increase motor component wear.  The problems which can result include excessive pump pressures, 
lost circulation of fluid, high levels of torque and drag of the drillstring, packing off, and increased fluid loss in addition to motor problems.  Of 
special concern is sand content of the mud.  Because of the highly abrasive nature of sand, high mud sand content will significantly increase 
motor component wear.

Soluble salt and acid gas contaminants can cause motor component corrosion and degradation.  By causing a reduction in circulating pH and 
a tendency for the mud to trap oxygen, soluble salts increase the likelihood of motor component corrosion.

The most common sources of soluble salts are salt water flows, sub surface stringer / salt beds, anhydrite and gypsum.  Caustic Soda is 
typically used ton increase and maintain the pH value of circulating fluids.

Cement that is thoroughly set does not normally contaminate oil or water-based circulating fluids.  However unset cement contamination can 
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cause increases in calcium and pH values.  Chemical treatment and dilution are used to restore optimum properties.  Additionally, cement 
slurries can have a high abrasive solids content which can thicken muds and accelerate wear of motor components.  Efforts should be made 
to minimize the contamination of drilling fluids with unset cement.

Circulating Fluids at High Temperatures

WATER-BASED MUDS (WBM)
Higher temperatures cause degradation in many additives and chemical reactions are accelerated.  As a result, motor component corrosion 
may be accelerated and motor performance negatively affected.  Elastomers in the motor also tend to degrade at a faster rate at higher 
temperatures.

OIL-BASED MUDS (OBM)
Due to their reduced potential for chemical reaction at increased temperatures, Oil-Based muds are significantly more stable than WBM.  
However, some chemical compounds within OBM may interact more readily with elastomer compounds in BHA components which leads to 
component degradation.
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LOST CIRCULATION
Remedial procedures and materials used in lost circulation circumstances may affect motor performance and longevity.

Loss of circulation to the formation results from two basic causes:

In the worst cases, the drilling assembly must be pulled and the circulating fluid conditioned or formation squeeze procedures employed.  
Less serious losses may be treated with the drillstring in the hole.  In either case, the lost circulation materials may remain in the fluid system 
for some time, potentially affecting subsequent drilling assemblies.  Potential for motor component corrosion or wear should be considered 
in choosing lost circulation materials.  Chemical content, geometry, abrasiveness and concentrations have potential negative effects on motor 
performance and longevity.

• Seepage Loss to the Formation – gravel beds, course sands, 
shell beds, naturally fractured formations and cavemous 
formations.

• Hydraulic Fracturing – caused by exceeding the fracture 
gradient of the exposed formation; dynamically (ECD 
or surge / swab pressures) or stratically (excessive mud 
density).
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Fibers and flakes are commonly used in low density muds for seepage and natural fracture losses.  Motor operating differential pressures 
and output torque values may be affected by the friction reducing properties of these materials.  Incorrect mixing or pumping rates can 
result in the plugging of motors, jet nozzles and MWD equipment.

Granular lost circulation materials are commonly used for induced losses in weighted mud systems.  The same considerations apply when 
selecting the materials to be used.  Large size hard materials tend to wear motor components and will more readily plug a motor if mixed 
incorrectly.

CORROSION
Corrosion resistance is an integral attribute of motor component materials and surface coatings.  High grade alloys and stainless steels are 
used and machined to stringent specifications.  Advanced surface coatings are applied to components where needed.  The use of these 
quality materials and surface coatings generate the required mechanical properties and corrosion resistance needed for motor performance 
and longevity.  Every effort should be made to minimize or avoid corrosive agents which may be present in or added to circulating fluids 
during drilling operations in the form of gases, fluids or solids.
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Various agents found in circulating fluids which promote different forms of BHA component corrosion include:

• Oxygen - Oxygen is a major cause of drillpipe failure and corrosive pitting of motor components
• Carbon Dioxide - Although carbon dioxide is not as corrosive as oxygen, high concentrations can cause corrosive pitting.
• Hydrogen Sulfide – Can cause severe pitting damage, stress cracking and sudden component failure due to hydrogen 

embrittlement.
• Salts ( Alkali and Acid) and Organic Acids – can cause moderate to severe corrosion pitting damage (chloride attack).

During drillstring rotation operations, motor components, including housings, are subject to cyclic loading.  The existence of corrosive fluids 
increases the potential for component wear during periods or drillstring rotation.  Avoidance of corrosive agents helps to minimize the 
possibility of accelerated cracking, embrittlement, and other corrosive attack on statically stressed motor components.

Further, increases in downhole temperature will increase corrosion rates.  Under downhole pressures, entrapped corrosive gasses may go 
into solution in the circulating fluid, increasing its corrosivity.

Various additives are used to reduce circulating fluid corrosivity, including:

• Oxygen and sulfide scavengers • Inhibitor fluids and films • pH maintenance additives
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It should be noted that addition of corrosion reducing agents in the circulating fluid during drilling operations may result in motor pressure 
fluctuations.  Some corrosion reducing additives have a corrosive effect of their own.  The corrosive effect of these agents should be taken 
into account when planning drilling operations.  For example, while caustic soda may be added to circulating fluids to maintain pH level, at 
certain temperatures, some caustic soda concentrations can cause serious metallic component corrosion.

Influx of acid gas into the system can occur at any time.  Carbon dioxide and hydrogen sulfide reduce mud pH and greatly accelerate 
corrosion, especially in water-based muds.  These acid gasses have the potential to cause sudden and severe motor component corrosion 
attack.

Additionally, when used motors are inactive at the rigsite, or during transit, high corrosion levels can occur.  Draining and flushing the motor 
clean using non-petroleum based lubricants can reduce the potential for and severity of static corrosion of motor components.

Temperature Effects

ELASTOMER COMPONENT CONSIDERATIONS
Many elastomer components are incorporated into the mud motor, including the power unit stator, transmission unit joint covers, radial 

P
R

O
C

E
D

U
R

E
S



46

bearings and various “O” rig seals.  These components have been selected to resist abrasion, erosion, circulating fluid chemicals and 
commonly encountered downhole temperatures.  As stated previously, maintaining low levels of fluid sand and solids content in circulating 
fluids will aid in minimizing effects of abrasion and erosion of elastomer components.  Following specifications for maximum flow rate will also 
reduce abrasion and erosion.

As a standard, high temperature service transmission joint covers and seals are fitted.  When needed, special high temperature service stators 
can be supplied.

Elastomers generally can be divided into two types:  non-polar and polar.  Non-polar elastomers, such as natural rubbers, are susceptible to 
attack by non-polar hydrocarbons.  These non-polar hydrocarbons are common in drilling fluid base oils.  Polar elastomers, such as high grade 
nitniles, offer good resistance to attack by the levels of polar media typically found in oil-based drilling fluids.  For this reason, polar elastomers 
are commonly utilized in downhole drilling tools.  Polar media attack can cause elastomer swelling, swelling and reduction in strength which 
will significantly reduce stator longevity.

In the past, the aniline point of circulating fluids has been used to indicate the tendency for a circulating fluid to degrade elastomers.  By 
definition, the term aniline point refers to the temperature when, under test, a specific volume of the highly polar aromatic liquid called aniline 
completely dissolves in a similar volume of oil sample to form a clear solution.  This would be the point at which the polar circulating fluid 
chemicals would dissolve into motor elastomers and result in softening and swelling.  Aromatics attack both polar and non-polar elastomers.
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The aniline point provides an indication of the cumulative content of aromatic compounds in an oil.  Generally, the lower the aniline point, 
the greater the tendency of an oil to cause damage to elastomer components.  It is recommended that oil-based circulating fluids have 
as high an aniline point temperature as possible to minimize elastomer component degradation.  Values of 165°F (74° C) and above are 
recommended.  Whenever possible, the mud aniline point temperature should be above the maximum downhole operating temperature 
expected.

The low toxicity mud systems generally used today have much lower aromatic content levels.  It is recommended that oil-based muds 
with significant aromatic content not be used.   It is also recommended that motors be tested for elastomer compatibility under simulated 
downhole operating conditions prior to field operations because even some low toxicity oil-based muds may contain napthenics and 
paraffinics which cause some rubber degradation.

Motor Operating Temperature & Pressure Data
Viper Downhole motor components are manufactured of high grade materials to specific tolerances to ensure effective and reliable motor 
performance.  These components exhibit specific mechanical and physical properties which are required by downhole operating conditions.

There are many parameters which can affect motor performance and longevity.  Among these are the circulating fluid, operating 
temperature, internal operating pressure and hydraulic pressures.  In determining which motor will best meet the needs of a particular 
project, these factors must be considered.
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The elastomeric motor components are not expected to be compressible due to pressure effects alone under normal drilling operations.  
However, temperature and pressure combinations and changes can affect the theology of the circulating fluid, which in turn affects motor 
performance and the potential for component wear and motor component degradation.

Similar temperature and pressure combinations will react differently with varying circulating fluid compositions.  Using an oil-based mud with 
the highest possible aniline point temperature is recommended to minimize the possibility of motor elastomer component degradation at 
Standard temperature (ST).  More stringent motor operating procedures and operating differential pressures are recommended for high 
temperature conditions.

When running a motor into elevated temperature boreholes, periodic stops should be made to circulate.  This will allow for lower 
temperature fluids to pass through the motor.  These stops for circulation should commence prior to reaching a depth at which the 
downhole temperature is approximately 212° F (100° C).  Period of no circulation should be kept to a minimum.  Circulating continuously 
normally will maintain the mud system at a reduced temperature.  In all cases, a temperature drop between static and circulating conditions 
is dependent upon the particular circulating fluids characteristics and the individual borehole.

Once a high temperature zone has been reached, the motor should be run at the minimum differential pressure required to achieve 
directional performance and / or acceptable ROP.  Pre-planning will help alleviate many of the problems associated with adverse 
temperatures and their effects on the motor.  Surface conditioning may be needed on low temperatures some motors may have after being 
stored for some period.
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A modern high temperature motor will provide the same operational and input / output characteristics as a standard temperature motor 
but will be able to operate at a much higher temperature.  The motor power unit is sized to provide reliable optimum performance in spite 
of the higher temperatures.  In these motors, the stator elastomer mechanical and physical properties are generated by utilizing elastomer 
compounds which combine to offer a low thermal expansion coefficient and minimal tendency for embrittlement.  Additionally, high 
temperature motors utilize high temperature resistant seals, “O” rings, radial bearing elastomer and lubricating oil.

Oil-based circulating fluids with the highest possible aniline point temperature should be used in high temperature motor applications, 
thereby minimizing the possibility of elastomer component degradation.  Specific operating procedures and motor operating differential 
pressures are recommended for high temperature conditions.

Temperature Extended Motors
By modifying the rotor / stator geometry, it is possible for power units manufactured from the standard and high temperature elastomer 
types to have their temperature operating ranges extended.  These geometric changes compensate for the elevated temperature effects.  
The modifications are made to stringent tolerances to ensure optimum stator elastomer loading.  Contact your Viper Downhole motor 
representative for help in selection of a Viper motor which will meet the temperature parameters of your drilling project.

P
R

O
C

E
D

U
R

E
S



50

Motor Mechanical Loading
Viper motors are designed to operate reliably and efficiently when subjected to various surface loadings and mechanical loadings downhole.  
Surface loadings include WOB, torsion, rotation, overpull and jarring.  Downhole mechanical loadings may result from BHA components (e.g. 
stabilizers and bits) interacting with the hole wall formation.  Motor internal components generate loadings in the form of reactive torque and 
bit side loading of the driveshaft.

Static and dynamic stress analysis during motor component design aided in the development of geometries and materials selection for the 
best performance of Viper motors.  Individual and cumulative effects of various motor loading parameters including compression, tension, 
torsion, bending, fatigue, internal pressure, shock and vibration loadings for both oriented and rotated drilling modes are tested.

Well planning and drilling operations should consider the effects of motor mechanical loadings on ROP, BHA directional performance and 
motor longevity.  An analysis should be done to determine the effects of rotation rates, bit, motor, stabilizer and BHA component geometries 
and physical properties and their relationships to wellbore geometry in the process of planning the drilling operation.
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Rotation of Drillstring / Motors
The rotation rate of the bit is increased by the combination of drillstring rotation rate and motor output rotation rate.  Adjusting the rotation 
rate of the drillstring helps to optimize drilling operations in some applications (e.g. improving hole cleaning efficiency).  As a result, the 
cumulative mechanical loading effects on motor components is significantly increased during drillstring rotation as opposed to sliding (non-
rotating) operations.

When drillstring rotation is planned in directional wells, flex collars, with bending stiffness ratios similar to that of the motor, or special motor 
housings should be used in BHA’s to reduce loadings on the motor.  Even with low WOB, high cyclic loadings on bent housing motors (and 
straight motors in aggressive doglegs) may occur.

Since the cumulative loading effects for individual motor applications vary significantly, exact values for maximum rotation rates which 
incorporate a safety factor cannot be defined.  BHA analysis in the well planning process should take into account loading stresses from 
potential drillstring rotation.
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Weight on Bit
In general, WOB should be maintained at the minimum value which achieves an acceptable ROP and directional performance within the 
specified range for a given motor application.  Increasing WOB applied to a motor normally results in increased operating differential 
pressure and motor output torque.  The interactions between the  bit and formation and related downhole parameters will govern the 
amount of differential pressure which can be achieved and the amount of WOB which can be applied and still avoid stalling the motor.

Excessive application of WOB, especially in conjunction with drillsting rotation, will result in accelerated wear on internal motor components 
and could overload the driveshaft, thrust bearings, motor housings and housing connections. Serious motor damage can result from high 
levels of WOB applied in overgauge holes due to high motor component stress loadings.

While WOB may be low during reaming / circulating operations, drillstring rotation can still place high mechanical loadings on motors due to 
the physical geometries of the wellbore.
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Motor Vibration Considerations
Motor vibration should be taken into consideration for both oriented mode – drillstring static and rotary mode – drillstring rotating 
conditions.  During motor operations, there are three types of vibration present:

Depending upon whether in rotary mode, the drill bit, the motor and the drillstring (if rotated) can generate all three of the vibration types.  
Predicting which type of vibration and how serious the problem may be is difficult.  Axial and torsional vibrations can combine and load 
magnification can occur as a result of a slip – stick motion.  Drillpipe bounce and tool joint / wall contact wear can further complicate the 
problem.

The eccentric motion of the rotor in the stator produces vibration.  The frequency of excitation is related to the ratio of rotor to stator lobe 
numbers multiplied by the output speed of the motor.

Motors with bent housings and stabilizers complicate vibration analysis due to the whirling motion of the motors during rotation of the 
drillstring. Compressive vibration analysis needs to take into account bent sub and any eccentric housing or kick pad effects on whirling 
motion during drillstring rotation operations.

• Axial
• Torsional

• Transverse / Lateral
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Various external sources of vibration dampening, including losses of viscosity in the drilling fluid and radiation of acoustic waves into the 
formation may occur during motor operations.  Severe vibrations can occur when drillstring and bit vibrations combine with motor vibrations 
producing resonant frequencies.  When the frequency of the applied force is equal to a natural free vibration frequency of a component or 
assembly which occurs at a certain speed, resonance or frequency tuning exists.

Reduced drilling efficiency, reduced BHA component life and increased rate of connection failures can result from severe vibration.  Exact 
vibration analysis is difficult due to the inability to accurately model individual BHA component  wall contact points and loads, drill bit / 
formation interactions and vibrations from internal motor components.

Drillstring Problems
Good drilling practices will help minimize drillstring problems.  There are various reasons for the occurrence of drillstring sticking, which 
include:

• Junk in the hole (cuttings, sloughing, shales, junk metal)
• Differential pressures
• Plastic salt flow

• Settling of barite
• Collapse of weak or unconsolidated formations
• Build-up of cutting beds
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Modifying circulating fluid theology with inhibitive fluids and solids can address wellbore instability and assist in adequate hole cleaning.

Reducing mud weight may avoid differential sticking.  Additionally, elimination of lubricants, wetting agents and friction reducers which 
can cause fluctuations in motor operating differential pressures and output torque is recommended.  Motor operation and longevity can 
be enhanced by careful consideration of the effects of  the chemical content and mixing procedures of inhibitive fluids / solids, lubricants, 
wetting agents and friction reducers.  Short trip cleanup cycles will also aid in hole cleaning.

Thrust Bearing Balance
The hydraulic energy of the circulating fluid acts upon internal components of the motor (power section, transmission unit, drive shaft and 
bearing assembly).

Due to fluid restricting/sealing effects of the internal component geometries, pressure differentials are created which result in a hydraulic 
thrust which is directed down through the motor’s internal components to the bit (commonly referred to as “Pump Off Force”). On large 
diameter motors where the rotor and flow restrictor areas are large, the magnitude of the pump open force often exceeds the anticipated 
WOB. In high bit pressure drop applications, the same large forces are also generated and must be taken into consideration for off-bottom 
loading.
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The application of WOB produces a mechanical thrust which is directed from the bit up through the motor internal components. Any 
imbalance between the hydraulic down-thrust and mechanical upthrust is supported by the thrust bearing assembly and transmitted to 
the motor housings. To obtain maximum power transmission efficiency and thrust bearing life, the hydraulic downthrust loads should be 
balanced against the mechanical upthrust load.

Viper Energy Technology can be configured for specific drilling objectives: WOB loadings, bit characteristics, circulating fluid characteristics 
and formation characteristics. Bit hydraulics are considered to ensure compatibility of the hydraulic downthrust load range with the 
mechanical upthrust load range (WOB).

Motor Operations Procedures

OVERVIEW
Achieving the drilling objectives of the well plan in an efficient manner requires proper rigsite inspection, testing and operation of Viper 
motors.  Consideration should be given to factors which contribute to motor component wear or damage.  These include:

• Excessive operating temperature, flow rate, drillstring rotation, WOB, motor operating differential pressure, bit differential 
pressure and wellbore dogleg severity.
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• Effects of circulating fluid chemicals and sand / solids content which may adversely affect motor components or motor 
performance.

Initially, Viper motors should be run at a reduced rate in order to allow components to be acclimated to the current operation and to ensure 
that all operating parameters are within recommended guidelines.

MOTOR CONFIGURATION, INSPECTION AND REPORTING
Inspection of the motor should be performed prior to operation.  It is recommended that the following information be recorded:

• Motor Type / Size  (check against well-plan and shipping 
documents)

• Motor Serial Number
• Dump Sub Fitted?
• Stabilizer Type and Size (including blade information)

• Adjustable Housing Angle
• Fixed Bend Housing Angle
• Rotor Jet Nozzle Size (if any)
• Bearing Configuration (May be painted on the motor)
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Additionally:

• Visually check overall condition of motor housing, top and bit connections, bent housing / adjustable housing and stabilizer or 
protector sleeve.

• Lengths between Bit Box to Stabilizer, Stabilizer to Bent Housing / Adjustable Housing, Bent Housing / Adjustable Housing to 
connection at bottom of dump sub, connection at bottom of dump sub to top of motor.

PRE-RUN MOTOR SURFACE TESTS
A number of basic motor tests should be performed before operation of a Viper motor downhole in order to assess motor condition, motor 
performance and diagnose potential problems.  If a used motor has not been run for a significant period of time after testing following a 
previous run and was not flushed with water / oil, it should be re-tested prior to use.

It should be noted that for correct motor operation, pressure, WOB, flow rate and drillstring RPM, the gauging on the drill rig must be 
accurate and the pulsation dampeners must be in good working order.

1. Check the operation of the dump sub by moving the sliding piston with the aid of a wooden drift.  Do not use a metallic drift.
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2. Make the motor up to the Kelly or rig top drive, then lift the motor free of the slips and lower it until the dump sub is below the rotary 
table.  Avoid possibly damaging the bit by testing the motor without the bit attached.  Protect the motor bit box with a thread protector 
during lifting operations, removing it prior to flow testing.

3. Gradually raise the flow rate to the minimum specified flow rate for the particular Viper motor and record flow rate and corresponding 
pressure.  Whenever possible, record the flow rate and the corresponding pressure at the point where the dump sub valve closes.

4. Continue to raise the pump flow rate to the planned operating rate and record the flow rate and corresponding pressure.  Note:  The 
vibration and noise which can occur during testing are inherent to the motor design and not an indication of potential problems with 
the motor.

5. With the pumps still running, raise the dump sub above the rotary table and inspect the fluid ports for leakage (clean the housing / 
ports) for ease of observation).

6. Raise the motor to observe the bearing assembly fluid leakage over the driveshaft (5 – 8% of total flow rate is acceptable).  Driveshaft 
rotation should not be erratic.

7. Lower the dump sub below the rotary table, stop the pumps and allow the dump sub to open.  This may require the opening of surface 
equipment bleed valve due to pressure lock.
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8. Raise the motor above the rotary table and check for thrust bearing gap (play).

9. Radial bearing play can be checked by placing a chain tong on the bit box and applying side loading to the driveshaft.  On a new motor, 
radial bearing float should be negligible.

10. The bit is made up by locating the make-up tong on the motor bit box (rotating component) and the bit breaker on the bit.

PROCEDURE FOR SETTING THE ADJUSTABLE BENT HOUSING
Placement of the tongs on the motor requires close attention to ensure that the correct connection 
is un-torques and re-torqued.  Should the wrong connection be un-torqued, the motor should be 
returned to the nearest Viper Motor Facility for repair.  Make-up torque may be different from that 
of the adjustable bent housing. 

Clearly mark the two desired number slots with paint prior to tong operations.

Adjustment of the Viper bent housing is easier with no BHA components made-up above the motor.

Adjustment of the Viper motor adjustable housing can be accomplished at the rigsite using the 
following steps as shown in Figure 4 and Figure 5:
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NOTE:  All treads are RIGHT HAND.

1. With the motor set in the slips, set tongs where indicated and break the connection.

2. Keep the Adjusting Ring engaged to the Offset Housing with chain tong and back off the Stator 
Housing Adapter two turns.

3. Disengage the teeth of the Adjusting Ring.

4. With a chain tong, hold the Adjusting Ring stationary and with another chain tong, rotate the 
Offset Housing until the number slots align for the desired bend.  (Note:  The Offset Housing 
should be rotated to make-up on the inner mandrel (right hand thread). If the desired setting 
cannot be achieved BY HAND, back off the Offset Housing until the required number slots 
FIRST line up.

5. Engage the teeth of the Adjusting Ring at the chosen setting. Before making up the Stator Housing Adapter, ensure that the faces of the 
Stator Housing Adapter, Adjusting Ring and Offset Ring are thoroughly cleaned and then doped with copper-based grease.  These faces 
are primary seals.

6. Make up the Stator Housing Adapter with a chain tong and torque to the recommended value. Tables of torque specifications can be 
found in the next section of this handbook.
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IMPORTANT NOTE:  After making up the Stator Housing Adapter with a chain tong, there should be no gap between either the Stator Housing Adapter and 
the Adjusting Ring and the Offset Housing.   Check with a feeler gauge.  If there is a gap, it is probable that the Offset Housing has been backed off one turn or 
more too many from the Inner Mandrel.  To correct this problem, back off the Stator Housing Adapter two turns, lift the Adjusting Ring and make up the Offset 
Housing one turn onto the Inner Mandrel.  The required number slots should again be aligned.  Follow the remaining steps to complete the make-up.  INCORRECT 
ADJUSTMENT OF THE HOUSING MAY RESULT IN A CATASTROPHIC DOWNHOLE FAILURE OR TOOL JOINT SEPARATION.

SLEEVE STABILIZER ADJUSTMENT
Close attention must be given to tong placement to ensure that the correct connection is un-torqued and re-torqued. Should the wrong 
connection be un-torqued, refer to the nearest Viper Motor Facility

Extreme caution and good rig practice should always be exercised when handling large diameter stabilizers, especially when threading on 
and off the motor bearing housing.

Viper motors are equipped with externally threaded bearing housings to allow for rig site changing of stabilizers and offset pads. To install a 
pad or stabilizer, complete the following steps:

1. Raise the motor by the lifting sub and hang the bit box in the rotary table to steady.

2. Clean the exterior of the motor to remove all debris near the stabilizer thread area.
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3. Position the make-up tong on the thread protector, the break-out tong on the bearing housing immediately above the stabilizer upset.

4. Break the thread protector loose from the bearing housing.

5. Remove the tongs.

6. Unthread the protector by hand or with a chain tong, if necessary.

7. Remove the protector by raising the motor and sliding it down over the bit box.

8. Thoroughly clean the bearing housing upset threads and the stabilizer internal threads.

9. Apply thread dope to both threads.

10. For small diameter tools, slide the stabilizer over the bit box and thread onto the motor by hand.  For larger diameter motors, position 
the stabilizer over the rotary table or mouse hole and gently lower the motor onto the stabilizer.  Using a chain tong, turn the motor 
into the stabilizer until the threads start.  Ensure that the lifting sub does not unscrew.  After the threads start, lift the motor slightly and 
continue to thread the stabilizer onto the motor.

11. Position the motor with the bit box back in the rotary table.

12. Place the make-up tong on the bearing housing above the stabilizer thread upset.  Do not tong below the stabilizer as this is a left hand 
threaded component. 
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13. Position the back-up tong on the stabilizer body or tong neck if so equipped.

14. Torque stabilizer to the values in to the torque value found in the Torque  Specifications table in the next section of this handbook.

15. If stabilizer or pad alignment is required, shims may be installed as required between the stabilizer and bearing housing.  It is important 
to note that these shims must be oriented as to complement the 10° angle on the stabilizer and bearing housing upset shoulders.

After drilling operations are completed, the stabilizer joint should be broken, the stabilizer removed, and the protector replaced in a similar 
fashion to the steps outlined above.  If a pad or stabilizer is to be aligned to an adjustable housing, the adjustable housing should be set first.

FLOAT VALVES
The top sub on Viper motors is bored for a float valve.  A float valve is highly recommended to avoid potential fouling of the motor. 

DRILLPIPE FILTERS
It is recommended that surface drillpipe filters be utilized during motor operations in order to minimize the potential for damage to motor 
components from solids and foreign objects in the circulating fluid.  This should include tripping in hole operations.  Corrective action should 
be taken when appreciable solids or foreign objects are observed, particularly at the shakers.
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CIRCULATING SUBS
A circulating sub can be run above Viper motors to allow the displacement of LCM, or to permit high flow rate circulation.  A float valve should 
be run below the circulating sub.

TRIPPING IN HOLE
When tripping in hole, the traveling speed of the drillstring should be controlled to avoid contact with the BOP’s, wellheads, casing shoes, 
completion equipment, bridges, etc.  In tight spots, run the motor at minimum flow rates with minimum drillstring rotation.  Tight spots can 
cause significant contact forces on the periphery of the bit, requiring increased torque output levels from the motor.

It may be necessary to stop at differing depths and reciprocate the string in order to avoid creating ledges.  However, caution must be 
exercised when rotating the drillstring because the effects of hole constraints on bent subs, bent housings, motor stabilizers and motor 
housing configurations can cause high-level cyclic loading of motor housings and connections.

Avoid running the bit into any settled solids or hole bottom.  A short distance above any settled solids, the flow rate should be slowly raised 
to the planned motor operating rate and circulation established in order to remove the settled solids.
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INITIAL MOTOR OPERATIONS (OFF BOTTOM)
Once hole bottom has been reached, pick up off bottom and record pick-up / slack off weights and rotary torque values.  Gradually increase 
to the minimum operating flow rate and record the off-bottom pressure.  This reference pressure will be used in the calculation of motor 
operating differential pressure, and torque.  Bit rotational speed can be approximated by using the performance graph for the particular 
motor.

During drilling operations, the off-bottom reference pressure should be checked periodically to compensate for circulating fluid theology 
changes, increased hole depth and any changes in flow rate.

GENERAL MOTOR CAPABILITIES & CONSIDERATIONS
When drillstring rotation is required, the pumps should be started before string rotation.  The pumps should be started before going on the 
hole bottom.  String rotation speed SHOULD NOT be adjusted while the motor is operating on bottom.

With the motor off-bottom, start the pumps and gradually raise the flow rate to the planned operating value, then apply string rotation 
if required.  Slowly lower the string and apply WOB.  As the bit contacts the formation, the additional torque required to maintain and 
penetrate the formation results in increased pump pressure.  Increasing WOB increases the pump pressure; decreasing WOB reduces pump 
pressure.
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Ideally, for best results on motor run longevity, a new motor should be run at reduced operating pressures for a short period of time prior 
to increasing to planned operating pressures.  During this initial period, ROP may be slow and erratic.  The string should be lifted off bottom 
periodically to endure proper hole cleaning.

PDC and diamond bits should initially be fun at low bit weights, increasing weight as the job progresses, until the optimum weight is achieved.  
Given similar formation and operating parameters, because tri-cone bits generally have less frictional drag losses than PDC or diamond bits, 
operating differential pressures are also generally less.

The difference between the on-bottom and off-bottom pump pressure values is the motor operating differential pressure.  The pressure 
differential across the motor is directly proportional to the torque output of the motor.  The operating differential pressure of the motor 
should be kept constant to apply a constant torque at the bit.  This is achieved by varying the WOB.  Various parameters can affect motor 
operating differential pressure, including:

• Formation characteristics changes due to faults, stringers, etc.
• Circulating fluid theology changes due to fluid / solids and gas influxes and additions or temperature fluctuations.
• Bit incompatibility with the formation or bit wear / damage.
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Maintaining a constant operating differential pressure below the maximum specified reduces the likelihood of orienting problems due to 
reactive torque fluctuations and allows greater control in avoiding motor stall.  A stall occurs when more torque is required at the bit to 
penetrate the formation than the motor can produce.  Excessive WOB is often the cause of a motor stall.  Maximum differential pressure for 
each Viper motor type can be found on the Spec Sheets which follow in this handbook.

MOTOR OPERATIONS OPTIMIZATION
Once the motor and bit have been run-in, a feel for the formation and reactive torque can be established.  At that time, the optimum drilling 
rate and directional control can be established by varying the WOB, and if possible, the flow rate in small increments.

Drillstring rotation of up to 50 RPM may be used to further optimize the initial drilling rate by reducing drillstring drag and stabilizer hang-
ups for more effective application of WOB.  Drillstring rotation is additive to the motor driveshaft rotation for an increase in bit speed.  
More effective application of WOB may be possible.  However, cyclic loading of motor housings, connections and internal components are 
increased by the effects of interaction of bent subs, bent motor housings on hole constraints.

Frequent reestablishment of drilling parameters to maintain optimum ROP and directional control are often required due to significant 
changes of formation characteristics due to stringers or other formation changes. 
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MOTOR OPERATING DIFFERENTIAL PRESSURE
Motor operating differential pressure relates to the pressure drop which occurs across the rotor and stator as torque is required at the bit to 
drill the formation and maintain bit rotation.  The operating differential pressure produced across the rotor and stator is directly proportional 
to the torque applied at the bit and the reactive torque which acts upon the stator.

Motor operating differential pressure increases as the torque required to drill the formation increases.  The increase in reactive torque which 
also results may cause difficulties in directional control.  Rotor and stator power units are designed to operate reliably and efficiently up to a 
specific maximum differential operating pressure.

Running a motor at the maximum specified differential pressure results in increased output torque levels and can yield increased ROP rates.  
At the same time, the higher the operating differential pressure utilized, the greater the tendency for rotor and stator wear and the greater 
the mechanical loading on associated components.

 It may not be possible to achieve the maximum specified operating differential pressure and output torque from a particular motor due to 
bit and formation characteristics and resulting interactions.  This does not necessarily indicate that the motor has a weak power unit.  For 
best results, it is recommended that Viper motors be operated with the minimum differential pressure required to achieve an acceptable 
ROP and / or directional performance.
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Motors that have been run for extended periods of time may sustain low level wear to the rotor and stator pair.  This may result in reduced 
operating differential pressures compared to for the motor in previous operations in formations with similar flow rates and WOB values.   
However, while ROP and directional performance remains acceptable, the reduction in differential operating pressure does not require the 
motor to be replaced.   Additionally, elevated downhole temperatures may cause slight changes in the stator elastomer dimensions.  This 
may result in increased differential pressure for given operating parameters.

Any motor operating differential pressure reduction rates and operating capability changes should be monitored and taken into 
consideration with respect to the planned drilling objectives.

MOTOR REACTIVE TORQUE
As a free running Viper motor is lowered to the hole bottom and contacts the formation, WOB must be applied due to the torque required 
at the bit to maintain rotation and penetrate the formation.  As a result, power unit differential pressure also rises.  The bit rotation is to the 
right if the motor is viewed from above the dump sub.

The torque applied at the bit produces an equal reactive torque which acts, via the motor housing to the drillstring, in an opposite anti-
clockwise or left hand direction.  As the amount of torque required to turn the bit is reduced, the reactive torque (which tends to turn the 
drillstring to the left) is also reduced.  As the torque required to turn the bit is increased, the reactive torque is also increased.  Reactive 
torque is at a maximum during the stall condition.
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MOTOR STALL
Motor stall occurs when the combination of torque and rpm produced by the power unit is not sufficient to effectively penetrate the 
formation with the drill bit.  Stall may occur due to excessive application of WOB, excessive string RPM, sudden change in formation 
characteristics, bit wear or damage, or a combination of the above factors.  

When the motor stalls, the bit, driveshaft and rotor effective lock-up and remain stationary.  Penetration ceases and the circulating pressure 
rapidly rises due to the seals present between the rotor and stator.  If not caught in time, the pump pressure rises until the seals between 
the rotor and stator break.  This will result in the passage of highly pressurized circulating fluid between the deformed lobes of the elastomer 
in the stator and the lobes of the metallic rotor.  The combination of mechanical loading and high pressure fluid erosion can quickly result in 
serious elastomer lobe damage. 

If the stall occurs during rotation of the drillstring, the drillstring rotation causes the stator to be rotated over the rotor which is stationary.  
This increases the potential for extensive elastomer damage.  This situation can occur very quickly during top drive motor drilling operations.  
Conscious attention must be maintained to avoid motor stall and stator rotation occurrences.

Motor stall is observed at surface by a standpipe pressure increase and zero ROP.  Do not wait to observe ROP if pressure gauges indicate a 
motor stall situation.  Should a stall situation occur, any string rotation should be immediately stopped and the string picked up off-bottom.  
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Pressure should then be allowed to drop off.  This should establish bit rotation.

The operational parameters at the time of the motor stall occurrence should be checked and modified, if necessary.  Flow rate, WOB, 
drillstring RPM and operational differential pressure parameters, as modified if necessary, should be slowly reestablished to achieve 
optimum ROP and or directional performance.

It is important to note that stall differential pressure drop values will vary between different power unit designs and vary between motors of 
similar designs due to individual power unit internal fits and internal motor component wear characteristics.  Additionally, varying circulating 
fluid characteristics due to introduction of additives, formation fluids / gases or fluid temperature changes can affect stall differential 
pressure values.

DRILLING WITH A JETTED ROTOR
The fluid volume passing through the rotor jet nozzle varies with the pressure drop across the rotor and stator.  When the motor circulates 
off-bottom, this volume is at a minimum.

The use of a jet nozzle in a rotor does not alter the relationship between differential pressure and torque.  A reduction in available energy 
causes a reduced motor stall pressure.  The pressure at which the motor tends toward stalling is also reduced.
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The bit rotation speed of a motor with a jet nozzled rotor will decrease more rapidly than that of a motor with a solid rotor as differential 
operating pressure increases.  Due to the resulting reduced operating range, motors with jet nozzled rotors require more diligent 
operational control when difficult drilling conditions arise.

As a general rule, the rotor jet nozzle size should be selected such that when circulating off-bottom, the flow through the rotor / stator does 
not exceed the maximum recommended flow for the motor.  However, since the pressure loss across the rotor and stator under a no load 
(off-bottom) situation is low, a relatively large diameter nozzle would be required.  High flow rates would pass through the nozzle at high 
rotor / stator pressures.   This greatly reduces the flow (along with RPM and HP) through the rotor and stator under high load conditions.  
The jet nozzle is sized to permit a specific amount of fluid to pass through it at a specific rotor / stator operating differential pressure as 
established from consideration of the projected required bit torque and rotation speed.

Since premature motor component wear can result from excessively high flow rates between the rotor and stator during off-bottom 
circulating, the circulation rate should be reduced prior to lifting up off-bottom.

Motor stalling with a jet nozzled rotor is not as apparent on the standpipe pressure gauge since the jet nozzle permits the passage of fluid 
through the rotor bore. Even though less fluid passes between the jet nozzled rotor and the stator during a stall circumstance, the stall 
mode is still potentially damaging to a motor.  Motor stall with a jet nozzled motor is characterized by an increase in differential pressure 
and no ROP.  To avoid excessive flow / rotation, the circulation rate should be reduced prior to lifting off-bottom after a motor stall has been 
observed.
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MOTOR FIELD TORQUE TESTING
The practice of motor torque testing in the field can cause serious motor component damage because the motor is forced into and held in 
a stall mode.  The practice is not recommended for Viper motors.  Consultation with Viper Motor Engineering should be done before field 
testing motor torque.

TRIPPING OUT OF THE HOLE
Prior to tripping out of the hole, circulate the hole clean by reciprocating the drillstring to approximately 30 feet from hole bottom, picking 
the string up slowly and lowering at a slightly faster rate.  Drillstring rotation, typically at 20-30 RPM or higher, can be applied when circulating 
the hole clean depending upon motor configuration and hole geometry.  The well profile and known problem zones should be considered.

Should the drillstring hang-up, lower and then rotate the string a low string rotation rates.  Pick up at slow speeds and reciprocate the string, 
if required.  If it becomes necessary to pull on the drillstring, individual motor specifications and maximum motor overpull values should be 
considered.
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POST-RUN MOTOR SURFACE TESTS
Ideally, complete post run surface tests should repeat the pre-run surface tests.  This will permit full test result comparisons which can 
provide useful information regarding motor component conditions.  

The pre-run surface tests can be found on page 58 of this handbook.

However, rigs often do not permit time for post-run surface tests.  If a motor is picked up again for subsequent applications at the rigsite, 
motor surface tests must be performed.

If the motor surface test procedures are not performed, the following procedure should be performed:

• Circulating fluid should be drained from the motor by holding the motor housing stationary and rotating the driveshaft clockwise  
(to the right when looking down from the top of the dump sub).  This can be accomplished using chain tongs or the break-out 
tong and bit breaker / rotary table.  This operation may also permit limited assessment of rotor / stator interference and correct 
movement of the driveshaft in the bearing assembly.  The dump sub should be flushed with fresh water and any debris removed 
from the fluid port filters.  Water should be applied with a hose attached to the  box connection and permitted for flow from the 
bearing assembly (over the driveshaft.)  Clean hydraulic oil should be flushed through the motor to inhibit any adverse chemical 
reactions to motor components during motor storage and transportation.  DO NOT use petroleum based oil.  Manually check 
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the operation of the dump sub by moving the sliding piston with the aid of a wooden drift (do not use a metal drift.)
• A correct size thread protector in good condition should have thread dope applied and be fitted to the motor bit box to protect 

the connection threads and shoulder face.  A lifting sub should have thread dope applied and be made up to the motor inlet 
(top) connection.

MOTOR OPERATIONS DATA REPORTING
To facilitate effective appraisal of motor operations, to provide a database of information for subsequent well planning and motor design 
development, and to aid in drilling problem analysis, it is essential that comprehensive motor performance reports are completed.  Your 
Viper representative will discuss motor reporting with you.
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Useful Formulas

FLOW RATE
Q  =  PS×PDS
Q =  Flow Rate (GPM)
PS =  Pump Speed (Strokes / Min.)
PDS =  Pump Displacement (Gal. / Stroke)

TOTAL FLOW AREA
TOTAL FLOW AREA FOR ONE NOZZLE

TFA =  Total Flow Area (in2)
Jet =  The size of the nozzle in 32nds  
     (i.e. if Jet = 10/32, it would be 10 in the formula)
∏ =  Pie (3.14159)
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TOTAL FLOW AREA WITH DIFFERENT SIZE NOZZLES

TFA =  Total Flow Area (in2)
Jet =  The size of the nozzle in 32nds 
     (i.e. if Jet = 10/32, it would be 
     10 in the formula then squared)

TOTAL FLOW AREA WITH SAME SIZED NOZZLES  

TFA =  Flow Area (in2)
Nd =  Nozzle Diameter
Nn =  Number of Nozzles
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PRESSURE
HYDROSTATIC

Ph =  Hydrostatic pressure due to 
     weight of a column of fluid
TVD =  Total Vertical Depth
W =  Mud Weight (lbs/gal)

PLACING A SPECIFIC BIT PRESSURE LOSS 
DESIRED TO FIND TOTAL TFA NEEDED

Pb =  Desired Bit Pressure Drop (PSI)
Q =  Flow Rate (GPM)
W =  Mud Weight (lb./Gal)
TFA = Total Flow Area (in2)
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BIT PRESSURE LOSS

Pb =  Desired Bit Pressure Drop (PSI)
Q =  Flow Rate (GPM)
W =  Mud Weight (lb./Gal)
TFA =  Total Flow Rate (in2)

VELOCITY
ANNULAR VELOCITY

AV =  Annular Velocity (Ft/Min.)
Q =  Flow Rate (GPM)
D_h =  Hole Diameter (in)
Ds =  Drillstring Outside Diameter (in)

NOTE:  Each time the outside diameter of the drillstring changes, so does the Annular Velocity around it
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JET NOZZLE FLUID VELOCITY

JV =  Jet Nozzle Fluid Velocity (ft/Sec)
Q =  Flow Rate (GPM)
TFA = Total Flow Area (in2)

HORSEPOWER
BIT HYDRAULIC
BHP =  Bit Hydraulic Horsepower (HP)
Q =  Flow Rate (GPM)
Pb =  Bit Pressure Drop (PSI)
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MOTOR TORQUE
T =  Torque (FT-LB) 
MHP =  Mechanical Horsepower (HP) 
     (Can be found in manual)
N =  Motor (RPM) 
     (Can be found in manual)

MOTOR MECHANICAL HORSEPOWER
MHP =  Mechanical Horsepower (HP)
T =  Torque (FT-LB) 
     (Can be found in this handbook 
     for each motor section)
N =  Motor (RPM) 
     (Can be found in this handbook 
     for each motor section)
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AVAILABLE HYDRAULIC HORSE POWER TO MOTOR (HP)
AHHP =  Available  Hydraulic Horsepower  to Motor (HP)
Q =  Flow Rate (GPM)
P =  Motor Pressure Drop (PSI)
     (Get from manual or from standpipe 
     pressure at surface test)

HOLE AREA
Ha =  Hole Area (in2)
Hd =  Hole Diameter (in)
∏ =  Pie (3.14159)
r = Hole Radius (in)
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                        MUD LUBE
MAX W.O.B. 3,000 lb.
O/A LENGTH 130”
MAX. OVERPULL AND RERUN 8,500 lb.
ABSOLUTE OVERPULL 40,000 lb.
TOOL SHIPPING WEIGHT 40 lb

HOLE SIZE 1 7/8“ – 2 3/4”
BIT BOX CONN. 1” MT
REVOLUTIONS /GALLON 10.82

                        OIL SEALED

MAX W.O.B. 2,700 lb.
MAX. OVERPULL AND RERUN 6,500 lb.
ABSOLUTE OVERPULL 45,000 lb.

DIF. PRES. HARD 600 psi

DIFFERENTIAL PRESSURE  P.S.I
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EVEN WALL 1 11/16"  5 - 6    2.3 Stg

 VOLUME gpm R.P.M. TORQUE ft-lb POWER (hp)
 20 323 188 10.6
 30 450 188 14.8
 40 580 188 19.0
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 VOLUME gpm R.P.M. TORQUE ft-lb POWER (hp)
 25 323 188 10.6
 40 450 188 14.8
 55 580 188 19.0

HARD RUBBER 1 11/16"  5- 6    5.0 Stg
                        MUD LUBE

55 G.P.M

40 G.P.M

25 G.P.M
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MAX W.O.B. 3,000 lb.
O/A LENGTH 130”
MAX. OVERPULL AND RERUN 8,500 lb.
ABSOLUTE OVERPULL 40,000 lb.
TOOL SHIPPING WEIGHT 40 lb

HOLE SIZE 1 7/8“ – 2 3/4”
BIT BOX CONN. 1” MT
REVOLUTIONS /GALLON 12.9.

                        OIL SEALED

MAX W.O.B. 2,700 lb.
MAX. OVERPULL AND RERUN 6,500 lb.
ABSOLUTE OVERPULL 420,016 lb.

DIF. PRES. HARD 1050 psi
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                        MUD LUBE

DIFFERENTIAL PRESSURE  P.S.I

R.
P.

M
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MAX W.O.B. 13,000 lb.
O/A LENGTH 117”
MAX. OVERPULL AND RERUN 18,500 lb.
ABSOLUTE OVERPULL 60,000  lb.
TOOL SHIPPING WEIGHT 45 lb.

HOLE SIZE 2 13/16“ – 3 1/4”
BIT BOX CONN. 1” - 1 1/2” MT
REVOLUTIONS /GALLON 12.78

                        OIL SEALED

MAX W.O.B. 9,360 lb.
MAX. OVERPULL AND RERUN 26,700 lb.
ABSOLUTE OVERPULL 78,375 lb.

DIF. PRES. HARD 1350 psi
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 VOLUME gpm R.P.M. TORQUE ft-lb POWER (hp)
 20 323 188 10.6
 35 450 188 14.8
 50 580 188 19.0
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                        MUD LUBE

MAX W.O.B. 13,000 lb.
O/A LENGTH 117”
MAX. OVERPULL AND RERUN 18,500 lb.
ABSOLUTE OVERPULL 60,000 lb.
TOOL SHIPPING WEIGHT 45 lb.

HOLE SIZE 2 13/16“ – 3 1/4”
BIT BOX CONN. 1 1/2” MT
REVOLUTIONS /GALLON 13.61

                        OIL SEALED

MAX W.O.B. 9,360 lb.
MAX. OVERPULL AND RERUN 27,600 lb.
ABSOLUTE OVERPULL 78,375 lb.

DIF. PRES. HARD 1500 psi

2 1/8"  5 - 6    6.0 StgEVEN WALL

 VOLUME gpm R.P.M. TORQUE ft-lb POWER (hp)
 20 323 188 10.6
 35 450 188 14.8
 50 580 188 19.0
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                        MUD LUBE

 VOLUME gpm R.P.M. TORQUE ft-lb POWER (hp)
 40 217 500 16.8
 70 380 500 30.0
 100 540 500 69.0

BIT TO BEND FIXED                               31.5 "
MAX W.O.B. 13,500 lb.
O/A LENGTH 123”
MAX. OVERPULL AND RERUN 22,000 lb.
ABSOLUTE OVERPULL 72,000  lb.
TOOL SHIPPING WEIGHT 70 lb.

HOLE SIZE 3 1/8“ – 4 1/2”
BIT BOX CONN. 1 1/2” AMT/11/4” Reg
REVOLUTIONS /GALLON 5.43

DIF. PRES. HARD 900 psi
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                        MUD LUBE

DIFFERENTIAL PRESSURE  P.S.I

R.
P.

M

TO
RQ

U
E 

  F
T-

LB

 VOLUME gpm R.P.M. TORQUE ft-lb POWER (hp)
 40 217 500 16.8
 70 380 500 30.0
 100 540 500 69.0

BIT TO BEND FIXED                               31.5 "
MAX W.O.B. 13,500 lb.
O/A LENGTH 123”
MAX. OVERPULL AND RERUN 22,000 lb.
ABSOLUTE OVERPULL 72,000  lb.
TOOL SHIPPING WEIGHT 70 lb.

HOLE SIZE 3 1/8“ – 4 1/2”
BIT BOX CONN. 1 1/2” AMT/Reg
REVOLUTIONS /GALLON 5.43

DIF. PRES. HARD 900 psi
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HARD RUBBER
2 7/8"    5 - 6   3.5 Stg

                        MUD LUBE

BIT TO BEND FIXED                             22.0"
MAX W.O.B.                                      10,000 lb.
O/A LENGTH                                         132"
MAX OVERPULL AND RERUN     26,700 lb.
ABSOLUTE OVERPULL                 116,000 lb.
TOOL SHIPPING WEIGHT                210 lb. 

                       
HOLE SIZE                                    3 3/4 - 4 1/8
BIT BOX CONN.                            2 3/8 PAC
REVOLUTIONS/GALLON                   3.1 

DIFF. PRES. HARD                          787 psi

                        SEALED BEARING

BIT TO BEND FIXED                             30.4"

MAX W.O.B.                                      9,360 lb.
O/A LENGTH                                       156.3"
MAX OVERPULL AND RERUN     26,700 lb.
ABSOLUTE OVERPULL                 124,000 lb.
TOOL SHIPPING WEIGHT               188 lb. 

BIT TO BEND ADJUSTABLE               40.0” 

DIFFERENTIAL PRESSURE  P.S.I.
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 VOLUME gpm R.P.M. TORQUE ft-lb POWER (hp)
 20 145-200 644 17.8
 50 245-300 602 28.1
 80 345-400 544 35.7
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 Mud Lube 2-7/8" 5-6 Lobe 3.5 stage 

Adjustable Bend 
Setting

Slick
Hole Size

Slick
Hole Size

Deg 3-3/4" 4-1/8"
1.15° 10.9 6.0
1.50° 18.0 12.2
1.83° 25.1 18.6
2.12° 31.6 24.7
2.38° 37.5 30.1
2.60° 42.0 34.9
2.77° 46.5 38.7
2.97° 49.5 41.6
3.00° 51.3 43.8

Fixed Bend Setting Slick
Hole Size

Slick
Hole Size

Deg 3-3/4" 4-1/8"
1.50° 32.7 22.2
1.75° 45.6 33.8
2.00° 57.4 44.9
2.50° 76.4 63.4
2.75° 84.5 70.4
3.00° 93.3 79.6

A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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 Sealed 2-7/8" 5-6 Lobe 3.5 stage 

Adjustable Bend 
Setting

Slick
Hole Size

Slick
Hole Size

Deg 3-3/4" 4-1/8"
1.15° 10.9 6.0
1.50° 18.0 12.2
1.83° 25.1 18.6
2.12° 31.6 24.7
2.38° 37.5 30.1
2.60° 42.0 34.9
2.77° 46.5 38.7
2.97° 49.5 41.6
3.00° 51.3 43.8

Fixed Bend Setting Slick
Hole Size

Slick
Hole Size

Deg 3-3/4" 4-1/8"
1.50° 32.7 22.2
1.75° 45.6 33.8
2.00° 57.4 44.9
2.50° 76.4 63.4
2.75° 84.5 70.4
3.00° 93.3 79.6
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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DIFFERENTIAL PRESSURE  P.S.I.
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STANDARD RUBBER HARD RUBBER
2 7/8"    5 - 6   4.7 Stg

                               MUD LUBE

BIT TO BEND FIXED                              22.0"
MAX W.O.B.                                        10,000 lb.
O/A LENGTH                                        156.0"
MAX OVERPULL AND RERUN       26,700 lb.
ABSOLUTE OVERPULL                   116,000 lb.
TOOL SHIPPING WEIGHT                200 lb. 

                       

HOLE SIZE                                    3 3/4” - 4”
BIT BOX CONN.                            2 3/8 PAC
REVOLUTIONS/GALLON                 3.76 

DIFF. PRES. STANDARD                   680 psi
DIFF. PRES. HARD                          1020 psi

                        SEALED BEARING

BIT TO BEND FIXED                             30.4"

MAX W.O.B.                                      9,360 lb.
O/A LENGTH                                       169.4"
MAX OVERPULL AND RERUN     26,700 lb.
ABSOLUTE OVERPULL                 124,000 lb.
TOOL SHIPPING WEIGHT                70 lb. 

BIT TO BEND FLEXIBLE                      40.0”
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 VOLUME gpm R.P.M. TORQUE ft-lb POWER (hp)
 50 110-188 646 13.5
 100 251-329 601 28.7
 147 392-470 546 40.8
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 Mud Lube 2-7/8" 5-6 Lobe 4.7 stage 

Adjustable Bend 
Setting

Slick
Hole Size

Slick
Hole Size

Deg 3-3/4" 4-1/8"
1.15° 10.9 6.0
1.50° 18.0 12.2
1.83° 25.1 18.6
2.12° 31.6 24.7
2.38° 37.5 30.1
2.60° 42.0 34.9
2.77° 46.5 38.7
2.97° 49.5 41.6
3.00° 51.3 43.8

Fixed Bend Setting Slick
Hole Size

Slick
Hole Size

Deg 3-3/4" 4-1/8"
1.50° 23.7 16.0
1.75° 33.0 24.5
2.00° 41.6 32.5
2.50° 55.2 45.9
2.75° 61.1 50.9
3.00° 67.5 57.6
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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 Sealed 2-7/8" 5-6 Lobe 4.7 stage 

Adjustable Bend 
Setting

Slick
Hole Size

Slick
Hole Size

Deg 3-3/4" 4-1/8"
1.15° 10.9 6.0
1.50° 18.0 12.2
1.83° 25.1 18.6
2.12° 31.6 24.7
2.38° 37.5 30.1
2.60° 42.0 34.9
2.77° 46.5 38.7
2.97° 49.5 41.6
3.00° 51.3 43.8

Fixed Bend Setting Slick
Hole Size

Slick
Hole Size

Deg 3-3/4" 4-1/8"
1.50° 23.7 16.0
1.75° 33.0 24.5
2.00° 41.6 32.5
2.50° 55.2 45.9
2.75° 61.1 50.9
3.00° 67.5 57.6
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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EVEN WALL
2 7/8"    5 - 6   3.5 Stg

                        MUD LUBE

BIT TO BEND FIXED                             22.0"
MAX W.O.B.                                      10,000 lb.
O/A LENGTH                                         132"
MAX OVERPULL AND RERUN     26,700 lb.
ABSOLUTE OVERPULL                 116,000 lb.
TOOL SHIPPING WEIGHT                210 lb. 

                       
HOLE SIZE                                      3 1/4” - 4” 
BIT BOX CONN.                            2 3/8” PAC
REVOLUTIONS/GALLON                   3.3 

DIFF. PRES. HARD                          875 psi

                        SEALED BEARING

BIT TO BEND FIXED                             30.4"

MAX W.O.B.                                      9,360 lb.
O/A LENGTH                                       156.3"
MAX OVERPULL AND RERUN     26,700 lb.
ABSOLUTE OVERPULL                 124,000 lb.
TOOL SHIPPING WEIGHT               188 lb. 

BIT TO BEND ADJUSTABLE               40.0” 

 VOLUME gpm R.P.M. TORQUE ft-lb POWER (hp)
 60 145-200 644 17.8
 90 245-300 602 28.1
 120 345-400 544 35.7
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                        MUD LUBE

HARD RUBBER

 VOLUME gpm R.P.M. TORQUE ft-lb POWER (hp)
 80 135 990 27.0
 110 185 990 37.0
 140 240 990 41.0

BIT TO BEND FIXED                               37.26 "
MAX W.O.B. 25,600 lb.
O/A LENGTH 155”
MAX. OVERPULL AND RERUN 57,000 lb.
ABSOLUTE OVERPULL 150,000  lb.
TOOL SHIPPING WEIGHT 120 lb.

MAX W.O.B. 23,650 lb.
MAX. OVERPULL AND RERUN 60,000 lb.
ABSOLUTE OVERPULL 90,000  lb.

HOLE SIZE 3 3/4“ – 5 1/2”
BIT BOX CONN. 2 3/8” Reg
REVOLUTIONS /GALLON 1.7

DIF. PRES. HARD 690 psi

Viper o�ers a wide range of power section options 
to meet customer applications. Please contact Viper 
for �t for purpose designs.

OIL SEALED

3 1/8"  7- 8    3.0 Stg

DIFFERENTIAL PRESSURE  P.S.I
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 VOLUME gpm R.P.M. TORQUE ft-lb POWER (hp)
 100 135 990 27.0
 155 185 990 37.0
 210 240 990 41.0

HARD RUBBER

                        MUD LUBE

                        OIL SEALED

MAX W.O.B. 23,650 lb.
O/A LENGTH 117”
MAX. OVERPULL AND RERUN 60,000 lb.
ABSOLUTE OVERPULL 90,000  lb.
TOOL SHIPPING WEIGHT 45 lb.

MAX W.O.B. 23,650 lb.
MAX. OVERPULL AND RERUN 60,000 lb.
ABSOLUTE OVERPULL 90,000  lb.

HOLE SIZE                                                 2 3/16“ - 3 1/4”
BIT BOX CONN.                                          2 3/8” REG
REVOLUTIONS/GALLON                                 2.25

DIFF. PRESS. HARD                                      790 psi
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 VOLUME gpm R.P.M. TORQUE ft-lb POWER (hp)
 110 135 990 27.0
 160 185 990 37.0
 210 240 990 41.0
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3 1/8"  7- 8    2.5 Stg
                        MUD LUBE

BIT TO BEND FIXED                             22.0"
MAX W.O.B.                                      25,600 lb.
O/A LENGTH                                         155"
MAX OVERPULL AND RERUN     57,000 lb.
ABSOLUTE OVERPULL                 150,000 lb.
TOOL SHIPPING WEIGHT                120 lb. 

                       
HOLE SIZE                                     3 3/4” - 5 1/2” 
BIT BOX CONN.                            2 3/8” REG
REVOLUTIONS/GALLON                   1.34 

DIFF. PRES. HARD                          875 psi

                        SEALED BEARING

BIT TO BEND FIXED                             30.4"

MAX W.O.B.                                      23,650 lb.
O/A LENGTH                                       156.3"
MAX OVERPULL AND RERUN     60,000 lb.
ABSOLUTE OVERPULL                 90,000 lb.
TOOL SHIPPING WEIGHT               188 lb. 

BIT TO BEND ADJUSTABLE               40.0” 
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EVEN WALL
3 3/4"    4 - 5   4.3 Stg

                        MUD LUBE

BIT TO BEND FIXED                             22.0"
MAX W.O.B.                                      23,650 lb.
O/A LENGTH                                         117"
MAX OVERPULL AND RERUN    103,000 lb.
ABSOLUTE OVERPULL                 160,000 lb.
TOOL SHIPPING WEIGHT                45 lb. 

                       
HOLE SIZE                                      3 1/4” - 4” 
BIT BOX CONN.                            2 3/8” REG
REVOLUTIONS/GALLON               1.611 

DIFF. PRES. HARD                          1,075 psi

                        SEALED BEARING

BIT TO BEND FIXED                             30.4"

MAX W.O.B.                                      26,450 lb.
O/A LENGTH                                        234"
MAX OVERPULL AND RERUN     103,000 lb.
ABSOLUTE OVERPULL                 165,000 lb.
TOOL SHIPPING WEIGHT               420 lb. 

BIT TO BEND ADJUSTABLE               40.0” 

 VOLUME gpm R.P.M. TORQUE ft-lb POWER (hp)
 80 145-200 644 17.8
 130 245-300 602 28.1
 180 345-400 544 35.7
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STANDARD RUBBER HARD RUBBER
3 3/4"    7 - 8   2.3 Stg

                        MUD LUBE

BIT TO BEND FIXED                             28.0"
BIT TO BEND ADJUSTABLE                44.0"
MAX W.O.B.                                      26,000 lb.
O/A LENGTH                                       210.0"
MAX OVERPULL AND RERUN     70,000 lb.
ABSOLUTE OVERPULL               275,600 lb.
TOOL SHIPPING WEIGHT                495 lb. 

                       
HOLE SIZE                                    4 3/4 - 5 7/8
BIT BOX CONN.                             2 7/8 REG.
ADJUSTABLE TORQUE                   3500 ft-lb
REVOLUTIONS/GALLON                  .77

DIFF. PRES. STANDARD                   350 psi
DIFF. PRES. HARD                            520 psi

 2.24 

                        SEALED BEARING

BIT TO BEND FIXED                             37.6"
BIT TO BEND ADJUSTABLE               45.0"
MAX W.O.B.                                      23,150 lb.
O/A LENGTH                                       222.9"
MAX OVERPULL AND RERUN      68,500 lb.
ABSOLUTE OVERPULL               275,000 lb.
TOOL SHIPPING WEIGHT                495 lb. 
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 Sealed 3-3/4" 7-8 Lobe 2.3 stage 

Adjustable Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 4-3/4 5-1/2 5-7/8 4-3/4 5-1/2 5-7/8
0.39° 1.9 1.9 1.9 2.8 3.6 4.1
0.78° 5.3 3.8 4.4 6.1 6.9 7.2
1.15° 9.0 5.5 5.5 9.3 10.0 10.3
1.50° 12.5 8.3 7.2 12.5 13.0 13.3
1.83° 15.7 11.5 9.6 15.7 15.8 16.1
2.12° 18.5 14.4 12.4 18.5 18.2 18.4
2.38° 21.1 16.8 14.8 21.1 20.4 20.7
2.60° 23.3 19.0 16.9 23.3 22.3 22.5
2.77° 24.9 20.7 18.7 24.9 23.7 23.9
2.89° 26.2 21.9 19.7 26.2 24.7 24.9
2.97° 27.0 22.6 20.6 27.0 25.4 25.6
3.00° 27.3 22.9 20.8 27.3 25.6 25.8

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 4-3/4 5-1/2 5-7/8 4-3/4 5-1/2 5-7/8
1.50° 14.9 10.0 8.7 14.9 15.6 16.0
1.75° 18.8 13.8 11.5 18.8 18.9 19.3
2.00° 22.2 17.2 14.8 22.2 21.8 22.1

2 .25° 23.7 18.8 16.3 23.7 23.1 23.5
2.50° 25.3 20.2 17.7 25.3 24.4 24.8
2.75° 27.9 22.7 20.3 27.9 26.7 26.9
3.00° 29.9 24.8 22.3 29.9 28.3 28.6
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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 Sealed 3-3/4" 7-8 Lobe 2.3 stage 

Adjustable Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 4-3/4 5-1/2 5-7/8 4-3/4 5-1/2 5-7/8
0.39° 1.9 1.9 1.9 2.8 3.6 4.1
0.78° 5.3 3.8 4.4 6.1 6.9 7.2
1.15° 9.0 5.5 5.5 9.3 10.0 10.3
1.50° 12.5 8.3 7.2 12.5 13.0 13.3
1.83° 15.7 11.5 9.6 15.7 15.8 16.1
2.12° 18.5 14.4 12.4 18.5 18.2 18.4
2.38° 21.1 16.8 14.8 21.1 20.4 20.7
2.60° 23.3 19.0 16.9 23.3 22.3 22.5
2.77° 24.9 20.7 18.7 24.9 23.7 23.9
2.89° 26.2 21.9 19.7 26.2 24.7 24.9
2.97° 27.0 22.6 20.6 27.0 25.4 25.6
3.00° 27.3 22.9 20.8 27.3 25.6 25.8

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 4-3/4 5-1/2 5-7/8 4-3/4 5-1/2 5-7/8
1.50° 14.9 10.0 8.7 14.9 15.6 16.0
1.75° 18.8 13.8 11.5 18.8 18.9 19.3
2.00° 22.2 17.2 14.8 22.2 21.8 22.1

2 .25° 23.7 18.8 16.3 23.7 23.1 23.5
2.50° 25.3 20.2 17.7 25.3 24.4 24.8
2.75° 27.9 22.7 20.3 27.9 26.7 26.9
3.00° 29.9 24.8 22.3 29.9 28.3 28.6
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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STANDARD RUBBER HARD RUBBER

3 3/4"    7 - 8   6.7 Stg

                        MUD LUBE

BIT TO BEND FIXED                             28.0"
BIT TO BEND ADJUSTABLE               44.0"
MAX W.O.B.                                      26,000 lb.
O/A LENGTH                                       250.0"
MAX OVERPULL AND RERUN        70,000 lb.
ABSOLUTE OVERPULL                   275,000 lb.
TOOL SHIPPING WEIGHT                586 lb. 
                       

HOLE SIZE                                    4 3/4 - 5 7/8
BIT BOX CONN.                             2 7/8 REG.
ADJUSTABLE TORQUE                   3500 ft-lb
REVOLUTIONS/GALLON                 1.61 

DIFF. PRES. STANDARD                   1010 psi
DIFF. PRES. HARD                            1510 psi

                        SEALED BEARING

BIT TO BEND FIXED                             37.6"
BIT TO BEND ADJUSTABLE               45.0"
MAX W.O.B.                                      23,150 lb.
O/A LENGTH                                       261.9"
MAX OVERPULL AND RERUN        68,450 lb.
ABSOLUTE OVERPULL                   275,000 lb.
TOOL SHIPPING WEIGHT                586 lb. 

DIFFERENTIAL PRESSURE  P.S.I

 VOLUME gpm R.P.M. TORQUE ft-lb POWER (hp)
 80 92 - 129 1640 28.7
 120 158 - 195 1560 46.9
 160 223 - 260 1450 61.6

DIFFERENTIAL PRESSURE  P.S.I

 VOLUME gpm R.P.M. TORQUE ft-lb POWER (hp)
 80 92 - 129 2460 43.1
 120 158 -195 2380 71.6 
 160 223 - 260 2175 92.4
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 Mud Lube 3-3/4" 7-8 Lobe 6.7 stage 

 

Adjustable Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 4-3/4 5-1/2 5-7/8 4-3/4 5-1/2 5-7/8
0.39° 1.7 1.7 1.6 2.4 3.1 3.4
0.78° 4.6 3.4 3.8 5.5 6.0 6.3
1.15° 7.8 5.0 4.9 8.3 8.9 9.2
1.50° 10.9 7.3 6.4 10.9 11.6 11.8
1.83° 13.8 10.2 8.5 13.8 14.1 14.3
2.12° 16.4 12.8 10.9 16.4 16.4 16.6
2.38° 18.6 14.9 13.2 18.6 18.3 18.5
2.60° 20.6 16.9 15.0 20.6 20.1 20.2
2.77° 22.1 18.3 16.5 22.1 21.3 21.5
2.89° 23.2 19.4 17.5 23.2 22.2 22.3
2.97° 23.9 20.1 18.2 23.9 22.9 23.0
3.00° 24.1 20.3 18.5 24.1 23.1 23.2

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 4-3/4 5-1/2 5-7/8 4-3/4 5-1/2 5-7/8
1.50° 17.1 11.5 10.1 17.1 18.2 18.5
1.75° 21.8 16.1 13.4 21.8 22.1 22.5
2.00° 25.7 20.1 17.1 25.7 25.7 26.1
2.25° 27.6 21.8 19.0 27.6 27.3 27.6
2.50° 32.4 26.6 23.7 32.4 31.5 31.7
2.75° 34.8 28.8 25.9 34.8 33.4 33.8
3.00° 37.9 31.9 29.1 37.9 36.3 36.5
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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 Sealed 3-3/4" 7-8 Lobe 6.7 stage 

 

Adjustable Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 4-3/4 5-1/2 5-7/8 4-3/4 5-1/2 5-7/8
0.39° 1.7 1.7 1.6 2.3 3.0 3.3
0.78° 4.5 3.3 3.7 5.3 5.9 6.2
1.15° 7.7 4.9 4.8 8.1 8.7 9.0
1.50° 10.7 7.1 6.3 10.7 11.3 11.5
1.83° 13.5 10.0 8.3 13.5 13.8 14.0
2.12° 16.0 12.5 10.7 16.0 16.0 16.2
2.38° 18.2 14.6 12.9 18.2 17.9 18.1
2.60° 20.1 16.5 14.7 20.1 19.6 19.7
2.77° 21.6 17.9 16.1 21.6 20.8 21.0
2.89° 22.7 19.0 17.2 22.7 21.7 21.9
2.97° 23.3 19.6 17.8 23.3 22.4 22.5
3.00° 23.6 19.8 18.1 23.6 22.6 22.7

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 4-3/4 5-1/2 5-7/8 4-3/4 5-1/2 5-7/8
1.50° 12.8 8.5 7.5 12.8 13.5 13.8
1.75° 16.2 12.0 10.0 16.2 16.5 16.7
2.00° 19.1 14.9 12.8 19.1 19.1 19.4
2.25° 20.5 16.2 14.2 20.5 20.3 20.5
2.50° 21.8 17.5 15.4 21.8 21.4 21.7
2.75° 24.1 19.8 17.6 24.1 23.5 23.6
3.00° 25.9 21.4 19.3 25.9 24.9 25.1
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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STANDARD RUBBER HARD RUBBER
4 3/4"    5 - 6   8.3 Stg

                        MUD LUBE
BIT TO BEND FIXED                            47.3 "
BIT TO BEND ADJUSTABLE                 57.6 "
MAX W.O.B.                                  49,000 lb.
O/A LENGTH                                     344 "
MAX. OVERPULL AND RERUN      49,000 lb.
ABSOLUTE OVERPULL                   350,000 lb.
TOOL SHIPPING WEIGHT                1250 lb.

                   SEALED BEARING
BIT TO BEND FIXED                             48.8"
BIT TO BEND ADJUSTABLE                  58.8"
MAX W.O.B.                                   77,000 lb.
O/A LENGTH                                     345.4"
MAX OVERPULL AND RERUN       159,000 lb.
ABSOLUTE OVERPULL                   325,000 lb.
TOOL SHIPPING WEIGHT                1255 lb. 
                       
HOLE SIZE                                        6 - 6 3/4
BIT BOX CONN.                             3 1/2 REG.
ADJUSTABLE TORQUE                  10,000 ft-lb
REVOLUTIONS/GALLON                  1.00

DIFF. PRES. STANDARD                   1250 psi
DIFF. PRES. HARD                            1870 psi

Alternate Stator Tube OD Available: 5 in (127 mm)
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Mud Lube 4-3/4" 5-6 Lobe 8.3 stage 

Adjustable Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 6 6-1/4 6-3/4 6 6-1/4 6-3/4
0.39° 1.8 1.3 1.4 1.9 2.1 2.3
0.78° 4.3 3.7 2.5 4.3 4.3 4.6
1.15° 6.8 6.0 4.7 6.8 6.5 6.7
1.50° 9.1 8.4 6.9 9.1 8.5 8.7
1.83° 11.2 10.5 9.1 11.2 10.5 10.6
2.12° 13.1 12.4 10.9 13.1 12.4 12.3
2.38° 14.8 14.1 12.6 14.8 14.1 13.8
2.60° 16.3 15.6 14.1 16.3 15.6 15.0
2.77° 17.4 16.6 15.1 17.4 16.6 16.0
2.89° 18.2 17.4 15.9 18.2 17.4 16.6
2.97° 18.7 17.9 16.4 18.7 17.9 17.2
3.00° 19.0 18.1 16.6 19.0 18.1 17.3

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 6 6-1/4 6-3/4 6 6-1/4 6-3/4
1.50° 11.1 10.2 8.4 11.1 10.3 10.6
1.75° 13.7 12.8 11.1 13.7 12.8 12.9
2.00° 16.0 15.1 13.3 16.0 15.1 15.0

2 .25° 17.0 16.1 14.3 17.0 16.1 15.9
2.50° 19.9 19.0 17.2 19.9 19.0 18.3
2.75° 21.2 20.3 18.4 21.2 20.3 19.5
3.00° 23.1 22.1 20.3 23.1 22.1 21.0
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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Sealed 4-3/4" 5-6 Lobe 8.3 stage 

Adjustable Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 6 6-1/4 6-3/4 6 6-1/4 6-3/4
0.39° 1.8 1.3 1.4 1.9 2.1 2.3
0.78° 4.3 3.7 2.5 4.3 4.3 4.5
1.15° 6.7 6.0 4.6 6.7 6.4 6.6
1.50° 9.0 8.3 6.8 9.0 8.4 8.6
1.83° 11.2 10.4 9.0 11.2 10.4 10.5
2.12° 13.0 12.3 10.8 13.0 12.3 12.2
2.38° 14.7 14.0 12.5 14.7 14.0 13.7
2.60° 16.2 15.5 14.0 16.2 15.5 14.9
2.77° 17.3 16.5 15.0 17.3 16.5 15.9
2.89° 18.1 17.3 15.8 18.1 17.3 16.5
2.97° 18.6 17.8 16.3 18.6 17.8 17.0
3.00° 18.8 18.0 16.5 18.8 18.0 17.1

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 6 6-1/4 6-3/4 6 6-1/4 6-3/4
1.50° 10.8 9.9 8.1 10.8 10.0 10.3
1.75° 13.3 12.4 10.8 13.3 12.4 12.5
2.00° 15.5 14.6 12.9 15.5 14.6 14.5

2 .25° 16.5 15.6 13.9 16.5 15.6 15.4
2.50° 17.5 16.6 14.9 17.5 16.6 16.3
2.75° 19.3 18.4 16.6 19.3 18.4 17.8
3.00° 20.5 19.6 17.9 20.5 19.6 18.9
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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STANDARD RUBBER HARD RUBBER
4 3/4"    7 - 8   2.6 Stg

                        MUD LUBE
BIT TO BEND FIXED                            47.3 "
BIT TO BEND ADJUSTABLE                 57.6 "
MAX W.O.B.                                  49,000 lb.
O/A LENGTH                                     330.7 "
MAX. OVERPULL AND RERUN      49,000 lb.
ABSOLUTE OVERPULL                   350,000 lb.
TOOL SHIPPING WEIGHT                1190 lb.

                   SEALED BEARING
BIT TO BEND FIXED                             48.8"
BIT TO BEND ADJUSTABLE                  58.8"
MAX W.O.B.                                   77,000 lb.
O/A LENGTH                                     332.1"
MAX OVERPULL AND RERUN       159,000 lb.
ABSOLUTE OVERPULL                   325,000 lb.
TOOL SHIPPING WEIGHT                1194 lb. 
                       
HOLE SIZE                                        6 - 6 3/4
BIT BOX CONN.                             3 1/2 REG.
ADJUSTABLE TORQUE                  10,000 ft-lb
REVOLUTIONS/GALLON                  .26

DIFF. PRES. STANDARD                   390 psi
DIFF. PRES. HARD                            590 psi

Alternate Stator Tube OD Available: 5 in (127 mm)
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Adjustable Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Single Stabilizer
Hole Size

Deg 6 6-1/4 6-3/4 6 6-1/4 6-3/4
0.39° 1.8 1.3 1.4 1.9 2.0 2.2
0.78° 4.2 3.6 2.4 4.2 4.2 4.4
1.15° 6.7 5.9 4.6 6.7 6.4 6.6
1.50° 8.9 8.2 6.8 8.9 8.4 8.6
1.83° 11.0 10.3 8.9 11.0 10.3 10.4
2.12° 12.9 12.2 10.7 12.9 12.2 12.1
2.38° 14.6 13.9 12.4 14.6 13.9 13.4
2.60° 16.0 15.2 13.8 16.0 15.2 14.7
2.77° 17.0 16.3 14.8 17.0 16.3 15.7
2.89° 17.8 17.0 15.6 17.8 17.0 16.4
2.97° 18.3 17.6 16.1 18.3 17.6 16.8
3.00° 18.5 17.8 16.3 18.5 17.8 17.0

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Single Stabilizer
Hole Size

Single Stabilizer
Hole Size

Deg 6 6-1/4 6-3/4 6 6-1/4 6-3/4
1.50° 10.8 9.9 8.3 10.8 10.2 10.4
1.75° 13.4 12.5 10.8 13.4 12.5 12.6
2.00° 15.7 14.8 13.0 15.7 14.8 14.7

2 .25° 16.8 15.9 14.1 16.8 15.9 15.6
2.50° 19.5 18.6 16.8 19.5 18.6 17.9
2.75° 20.8 19.9 18.1 20.8 19.9 19.1
3.00° 22.6 21.7 19.9 22.6 21.7 20.8

 Mud Lube 4-3/4" 7-8 Lobe 2.6 stage  
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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Adjustable Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 6 6-1/4 6-3/4 6 6-1/4
0.39° 1.8 1.3 1.4 1.9 2.0 2.2
0.78° 4.2 3.6 2.4 4.2 4.2 4.4
1.15° 6.6 5.9 4.5 6.6 6.3 6.5
1.50° 8.8 8.1 6.7 8.8 8.3 8.5
1.83° 10.9 10.2 8.8 10.9 10.2 10.3
2.12° 12.8 12.1 10.6 12.8 12.1 12.0
2.38° 14.5 13.8 12.3 14.5 13.8 13.4
2.60° 15.9 15.1 13.7 15.9 15.1 14.6
2.77° 16.9 16.2 14.7 16.9 16.2 15.6
2.89° 17.7 16.9 15.5 17.7 16.9 16.3
2.97° 18.2 17.5 16.0 18.2 17.5 16.7
3.00° 18.4 17.7 16.2 18.4 17.7 16.9

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 6 6-1/4 6-3/4 6 6-1/4 6-3/4
1.50° 10.5 9.6 8.0 10.5 9.9 10.1
1.75° 13.0 12.1 10.5 13.0 12.1 12.3
2.00° 15.3 14.4 12.6 15.3 14.4 14.3

2 .25° 16.3 15.4 13.6 16.3 15.4 15.1
2.50° 18.9 18.0 16.3 18.9 18.0 17.4
2.75° 20.1 19.3 17.5 20.1 19.3 18.5
3.00° 21.9 21.0 19.3 21.9 21.0 20.1

Sealed 4-3/4" 7-8 Lobe 2.6 stage 

6-3/4
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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DIFFERENTIAL PRESSURE  P.S.I.
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STANDARD RUBBER HARD RUBBER
4 3/4"    7 - 8  3.8 Stg

                        MUD LUBE
BIT TO BEND FIXED                               47.3 "
BIT TO BEND ADJUSTABLE                 57.6 "
MAX W.O.B.                                         49,000 lb.
O/A LENGTH                                            284 "
MAX. OVERPULL AND RERUN        49,000 lb.
ABSOLUTE OVERPULL                     350,000 lb. 

                       
HOLE SIZE                                             6 - 6 3/4”
BIT BOX CONN.                                  3 1/2 REG.
ADJUSTABLE TORQUE                   10,000 ft-lb

DIFF. PRES. STANDARD                     570 psi
DIFF. PRES. HARD                                860 psi

                   SEALED BEARING
BIT TO BEND FIXED                                48.8"
BIT TO BEND ADJUSTABLE                  58.8"
MAX W.O.B.                                          77,000 lb.
O/A LENGTH                                           332.1"
MAX OVERPULL AND RERUN        159,000 lb.
ABSOLUTE OVERPULL                      325,000 lb.
TOOL SHIPPING WEIGHT                   1194 lb. 
                       
HOLE SIZE                                            6 - 6 3/4”
BIT BOX CONN.                                  3 1/2 REG.
ADJUSTABLE TORQUE                    10,000 ft-lb
REVOLUTIONS/GALLON                       .51

Alternate Stator Tube OD Available: 5 in (127 mm)
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Mud Lube 4-3/4" 7-8 Lobe 3.8 stage 

Adjustable Bend 
Setting 

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 6 6-1/4 6-3/4 6 6-1/4 6-3/4
0.39° 2.2 1.5 1.7 2.3 2.5 2.9
0.78° 5.2 4.3 3.0 5.2 5.1 5.4
1.15° 8.0 7.2 5.5 8.0 7.5 7.8
1.50° 10.7 9.8 8.2 10.7 9.8 10.1
1.83° 13.2 12.4 10.7 13.2 12.4 12.3
2.12° 15.5 14.6 12.8 15.5 14.6 14.2
2.38° 17.5 16.5 14.8 17.5 16.5 15.9
2.60° 19.2 18.2 16.4 19.2 18.2 17.3
2.77° 20.4 19.5 17.8 20.4 19.5 18.4
2.89° 21.4 20.4 18.6 21.5 20.4 19.2
2.97° 21.9 21.1 19.3 22.1 21.1 19.7
3.00° 22.2 21.3 19.5 22.3 21.3 19.9

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 6 6-1/4 6-3/4 6 6-1/4 6-3/4
1.50° 13.0 12.0 9.9 13.0 12.0 12.3
1.75° 16.1 15.1 13.0 16.1 15.1 15.0
2.00° 18.8 17.8 15.6 18.8 17.8 17.3

2 .25° 20.0 19.0 16.9 20.0 19.0 18.3
2.50° 23.3 22.2 20.0 23.3 22.2 21.0
2.75° 24.9 23.7 21.7 24.9 23.7 22.4
3.00° 27.1 25.9 23.7 27.2 25.9 24.3
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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 Sealed 4-3/4" 7-8 Lobe 3.8 stage 

Adjustable Bend 
Setting 

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 6 6-1/4 6-3/4 6 6-1/4 6-3/4
0.39° 2.2 1.5 1.7 2.3 2.5 2.8
0.78° 5.2 4.3 2.9 5.2 5.0 5.4
1.15° 8.0 7.2 5.5 8.0 7.5 7.8
1.50° 10.6 9.8 8.1 10.6 9.8 10.0
1.83° 13.2 12.3 10.6 13.2 12.3 12.2
2.12° 15.4 14.5 12.7 15.4 14.5 14.1
2.38° 17.4 16.4 14.7 17.4 16.4 15.8
2.60° 19.0 18.1 16.3 19.0 18.1 17.1
2.77° 20.3 19.4 17.7 20.3 19.4 18.3
2.89° 21.3 20.3 18.5 21.4 20.3 19.0
2.97° 21.8 20.9 19.1 22.0 20.9 19.6
3.00° 22.1 21.1 19.4 22.2 21.1 19.8

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 6 6-1/4 6-3/4 6 6-1/4 6-3/4
1.50° 12.6 11.6 9.6 12.6 11.6 11.9
1.75° 15.6 14.6 12.6 15.6 14.6 14.5
2.00° 18.3 17.3 15.1 18.3 17.3 16.8

2 .25° 19.4 18.4 16.4 19.4 18.4 17.8
2.50° 22.6 21.5 19.4 22.6 21.5 20.4
2.75° 24.1 23.0 21.0 24.1 23.0 21.8
2.89° 25.3 24.1 22.0 25.4 24.1 22.6
2.97° 25.9 24.9 22.8 26.1 24.9 23.3
3.00° 26.3 25.1 23.0 26.4 25.1 23.5
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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DIFFERENTIAL PRESSURE  P.S.I.
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STANDARD RUBBER HARD RUBBER
4 3/4"    7 - 8   4.5 Stg

                        MUD LUBE
BIT TO BEND FIXED                            47.3 "
BIT TO BEND ADJUSTABLE                 57.6 "
MAX W.O.B.                                  49,000 lb.
O/A LENGTH                                     330.7 "
MAX. OVERPULL AND RERUN      49,000 lb.
ABSOLUTE OVERPULL                   350,000 lb.
TOOL SHIPPING WEIGHT                1190 lb.

                   SEALED BEARING
BIT TO BEND FIXED                             48.8"
BIT TO BEND ADJUSTABLE                  58.8"
MAX W.O.B.                                   77,000 lb.
O/A LENGTH                                     332.1"
MAX OVERPULL AND RERUN       159,000 lb.
ABSOLUTE OVERPULL                   325,000 lb.
TOOL SHIPPING WEIGHT                1194 lb. 
                       
HOLE SIZE                                        6 - 6 3/4
BIT BOX CONN.                             3 1/2 REG.
ADJUSTABLE TORQUE                  10,000 ft-lb
REVELOUTIONS/GALLON                  .46

DIFF. PRES. STANDARD                   680 psi
DIFF. PRES. HARD                           1010 psi
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 Mud Lube 4 3/4" 7-8 Lobe 4.5 stage 

Adjustable Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 6 6-1/4 6-3/4 6 6-1/4 6-3/4
0.39° 1.8 1.4 1.6 2.0 2.1 2.4
0.78° 4.7 3.8 2.8 4.7 4.6 4.9
1.15° 7.2 6.5 5.0 7.2 6.9 7.1
1.50° 9.7 8.9 7.4 9.7 8.9 9.2
1.83° 12.1 11.3 9.7 12.1 11.3 11.3
2.12° 14.2 13.3 11.8 14.2 13.3 13.0
2.38° 16.0 15.1 13.6 16.0 15.1 14.7
2.60° 17.6 16.7 15.1 17.6 16.7 16.0
2.77° 18.7 17.9 16.3 18.7 17.9 17.0
2.89° 19.6 18.7 17.2 19.6 18.7 17.8
2.97° 20.2 19.4 17.7 20.2 19.4 18.3
3.00° 20.4 19.6 17.9 20.4 19.6 18.5

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 6 6-1/4 6-3/4 6 6-1/4 6-3/4
1.50° 11.9 10.8 9.0 11.9 10.8 11.2
1.75° 14.7 13.8 11.9 14.7 13.8 13.8
2.00° 17.3 16.3 14.3 17.3 16.3 15.9

2 .25° 18.3 17.4 15.4 18.3 17.4 16.9
2.50° 21.4 20.4 18.4 21.4 20.4 19.5
2.75° 22.8 21.8 19.9 22.8 21.8 20.8
3.00° 24.9 23.9 21.8 24.9 23.9 22.6

4 
3/

4”
 7

-8
 L

O
B

E
 4

.5
 S

TA
G

E
 B

U
IL

D
 R

A
TE

S

A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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Sealed 4 3/4" 7-8 Lobe 4.5 stage 

Adjustable Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 6 6-1/4 6-3/4 6 6-1/4 6-3/4
0.39° 1.8 1.4 1.6 2.0 2.1 2.4
0.78° 4.6 3.8 2.7 4.6 4.5 4.8
1.15° 7.2 6.4 4.9 7.2 6.8 7.0
1.50° 9.7 8.8 7.4 9.7 8.8 9.2
1.83° 12.0 11.3 9.7 12.0 11.3 11.3
2.12° 14.1 13.3 11.7 14.1 13.3 12.9
2.38° 15.9 15.0 13.5 15.9 15.0 14.6
2.60° 17.5 16.6 15.0 17.5 16.6 15.9
2.77° 18.6 17.8 16.2 18.6 17.8 16.9
2.89° 19.5 18.6 17.0 19.5 18.6 17.7
2.97° 20.1 19.3 17.6 20.1 19.3 18.2
3.00° 20.3 19.5 17.8 20.3 19.5 18.4

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 6 6-1/4 6-3/4 6 6-1/4 6-3/4
1.50° 11.5 10.5 8.8 11.5 10.5 10.9
1.75° 14.3 13.4 11.5 14.3 13.4 13.4
2.00° 16.8 15.8 13.9 16.8 15.8 15.4

2 .25° 17.8 16.9 14.9 17.8 16.9 16.4
2.50° 20.8 19.8 17.9 20.8 19.8 18.9
2.75° 22.1 21.1 19.3 22.1 21.1 20.1
3.00° 24.1 23.1 21.1 24.1 23.1 21.9
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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5"    6 - 7   8.0 Stg

                        MUD LUBE
BIT TO BEND FIXED                              48.8 "
BIT TO BEND ADJUSTABLE                58.8"
MAX W.O.B.                                        77,000 lb.
O/A LENGTH                                           349"
MAX. OVERPULL AND RERUN     159,000 lb.
ABSOLUTE OVERPULL                   325,000 lb.
TOOL SHIPPING WEIGHT                  1114 lb.

                   SEALED BEARING
BIT TO BEND FIXED                              47.3"
BIT TO BEND ADJUSTABLE                57.6 "
MAX W.O.B.                                        49,000 lb.
O/A LENGTH                                          348"
MAX OVERPULL AND RERUN        49,000 lb.
ABSOLUTE OVERPULL                    350,000 lb.
TOOL SHIPPING WEIGHT                 1110 lb. 
                       
HOLE SIZE                                           6 - 6 3/4
BIT BOX CONN.                                3 1/2 REG.
ADJUSTABLE TORQUE                 10,000 ft-lb
REVOLUTIONS/GALLON                      .81

DIFF. PRES. STANDARD                   1800 psi
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 Mud Lube 5" 6-7 Lobe 8.0 stage 

Adjustable Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 6 6-1/4 6-3/4 6 6-1/4 6-3/4
0.39° 1.8 1.4 1.6 2.0 2.1 2.4
0.78° 4.7 3.8 2.8 4.7 4.6 4.9
1.15° 7.2 6.5 5.0 7.2 6.9 7.1
1.50° 9.7 8.9 7.4 9.7 8.9 9.2
1.83° 12.1 11.3 9.7 12.1 11.3 11.3
2.12° 14.2 13.3 11.8 14.2 13.3 13.0
2.38° 16.0 15.1 13.6 16.0 15.1 14.7
2.60° 17.6 16.7 15.1 17.6 16.7 16.0
2.77° 18.7 17.9 16.3 18.7 17.9 17.0
2.89° 19.6 18.7 17.2 19.6 18.7 17.8
2.97° 20.2 19.4 17.7 20.2 19.4 18.3
3.00° 20.4 19.6 17.9 20.4 19.6 18.5

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 6 6-1/4 6-3/4 6 6-1/4 6-3/4
1.50° 11.9 10.8 9.0 11.9 10.8 11.2
1.75° 14.7 13.8 11.9 14.7 13.8 13.8
2.00° 17.3 16.3 14.3 17.3 16.3 15.9

2 .25° 18.3 17.4 15.4 18.3 17.4 16.9
2.50° 21.4 20.4 18.4 21.4 20.4 19.5
2.75° 22.8 21.8 19.9 22.8 21.8 20.8
3.00° 24.9 23.9 21.8 24.9 23.9 22.6
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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Sealed 5" 6-7 Lobe 8.0 stage 

Adjustable Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 6 6-1/4 6-3/4 6 6-1/4 6-3/4
0.39° 1.8 1.4 1.6 2.0 2.1 2.4
0.78° 4.6 3.8 2.7 4.6 4.5 4.8
1.15° 7.2 6.4 4.9 7.2 6.8 7.0
1.50° 9.7 8.8 7.4 9.7 8.8 9.2
1.83° 12.0 11.3 9.7 12.0 11.3 11.3
2.12° 14.1 13.3 11.7 14.1 13.3 12.9
2.38° 15.9 15.0 13.5 15.9 15.0 14.6
2.60° 17.5 16.6 15.0 17.5 16.6 15.9
2.77° 18.6 17.8 16.2 18.6 17.8 16.9
2.89° 19.5 18.6 17.0 19.5 18.6 17.7
2.97° 20.1 19.3 17.6 20.1 19.3 18.2
3.00° 20.3 19.5 17.8 20.3 19.5 18.4

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 6 6-1/4 6-3/4 6 6-1/4 6-3/4
1.50° 11.5 10.5 8.8 11.5 10.5 10.9
1.75° 14.3 13.4 11.5 14.3 13.4 13.4
2.00° 16.8 15.8 13.9 16.8 15.8 15.4

2 .25° 17.8 16.9 14.9 17.8 16.9 16.4
2.50° 20.8 19.8 17.9 20.8 19.8 18.9
2.75° 22.1 21.1 19.3 22.1 21.1 20.1
3.00° 24.1 23.1 21.1 24.1 23.1 21.9
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 



122

5”
 6

-7
 L

O
B

E
 9

.0
 S

TA
G

E
 S

P
E

C
S

5"    6 - 7   9.0 Stg

                        MUD LUBE
BIT TO BEND FIXED                              48.8 "
BIT TO BEND ADJUSTABLE                58.8"
MAX W.O.B.                                        77,000 lb.
O/A LENGTH                                           349"
MAX. OVERPULL AND RERUN     159,000 lb.
ABSOLUTE OVERPULL                   325,000 lb.
TOOL SHIPPING WEIGHT                  1114 lb.

                   SEALED BEARING
BIT TO BEND FIXED                              47.3"
BIT TO BEND ADJUSTABLE                57.6 "
MAX W.O.B.                                        49,000 lb.
O/A LENGTH                                          348"
MAX OVERPULL AND RERUN        49,000 lb.
ABSOLUTE OVERPULL                    350,000 lb.
TOOL SHIPPING WEIGHT                 1110 lb. 
                       
HOLE SIZE                                           6 - 6 3/4
BIT BOX CONN.                                3 1/2 REG.
ADJUSTABLE TORQUE                 10,000 ft-lb
REVOLUTIONS/GALLON                      .85
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Max ps i

Flow Range 150 - 350 GPM

Speed Range 130 - 300 RPM

Torque Slope 2.92 ft-lb./psi

Rotation 0.855 rev/gal

Off Bottom Pressure 120 psi

Performance Specifications Performance Details

Max Diff. Press. 1350 psi 2120 psi

Stall Diff. Press. 2030 psi 3340 psi

Max Torque 3950 ft-lb. 6180 ft-lb.

Stall Torque 5920 ft-lb. 9730 ft-lb.

NBR NBR-HPX/HPW
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 Mud Lube 5" 6-7 Lobe 9.0 stage

Adjustable Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 6 6-1/4 6-3/4 6 6-1/4 6-3/4
0.39° 1.8 1.4 1.6 2.0 2.1 2.4
0.78° 4.7 3.8 2.8 4.7 4.6 4.9
1.15° 7.2 6.5 5.0 7.2 6.9 7.1
1.50° 9.7 8.9 7.4 9.7 8.9 9.2
1.83° 12.1 11.3 9.7 12.1 11.3 11.3
2.12° 14.2 13.3 11.8 14.2 13.3 13.0
2.38° 16.0 15.1 13.6 16.0 15.1 14.7
2.60° 17.6 16.7 15.1 17.6 16.7 16.0
2.77° 18.7 17.9 16.3 18.7 17.9 17.0
2.89° 19.6 18.7 17.2 19.6 18.7 17.8
2.97° 20.2 19.4 17.7 20.2 19.4 18.3
3.00° 20.4 19.6 17.9 20.4 19.6 18.5

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 6 6-1/4 6-3/4 6 6-1/4 6-3/4
1.50° 11.9 10.8 9.0 11.9 10.8 11.2
1.75° 14.7 13.8 11.9 14.7 13.8 13.8
2.00° 17.3 16.3 14.3 17.3 16.3 15.9

2 .25° 18.3 17.4 15.4 18.3 17.4 16.9
2.50° 21.4 20.4 18.4 21.4 20.4 19.5
2.75° 22.8 21.8 19.9 22.8 21.8 20.8
3.00° 24.9 23.9 21.8 24.9 23.9 22.6

A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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Sealed 5" 6-7 Lobe 9.0 stage 

Adjustable Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 6 6-1/4 6-3/4 6 6-1/4 6-3/4
0.39° 1.8 1.4 1.6 2.0 2.1 2.4
0.78° 4.6 3.8 2.7 4.6 4.5 4.8
1.15° 7.2 6.4 4.9 7.2 6.8 7.0
1.50° 9.7 8.8 7.4 9.7 8.8 9.2
1.83° 12.0 11.3 9.7 12.0 11.3 11.3
2.12° 14.1 13.3 11.7 14.1 13.3 12.9
2.38° 15.9 15.0 13.5 15.9 15.0 14.6
2.60° 17.5 16.6 15.0 17.5 16.6 15.9
2.77° 18.6 17.8 16.2 18.6 17.8 16.9
2.89° 19.5 18.6 17.0 19.5 18.6 17.7
2.97° 20.1 19.3 17.6 20.1 19.3 18.2
3.00° 20.3 19.5 17.8 20.3 19.5 18.4

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 6 6-1/4 6-3/4 6 6-1/4 6-3/4
1.50° 11.5 10.5 8.8 11.5 10.5 10.9
1.75° 14.3 13.4 11.5 14.3 13.4 13.4
2.00° 16.8 15.8 13.9 16.8 15.8 15.4

2 .25° 17.8 16.9 14.9 17.8 16.9 16.4
2.50° 20.8 19.8 17.9 20.8 19.8 18.9
2.75° 22.1 21.1 19.3 22.1 21.1 20.1
3.00° 24.1 23.1 21.1 24.1 23.1 21.9

A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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5"    6 - 7   10.0 Stg

                       MUD LUBE
BIT TO BEND FIXED                              48.8 "
BIT TO BEND ADJUSTABLE                58.8"
MAX W.O.B.                                        77,000 lb.
O/A LENGTH                                           349"
MAX. OVERPULL AND RERUN     159,000 lb.
ABSOLUTE OVERPULL                   325,000 lb.
TOOL SHIPPING WEIGHT                  1114 lb.

                  SEALED BEARING
BIT TO BEND FIXED                              47.3"
BIT TO BEND ADJUSTABLE                57.6 "
MAX W.O.B.                                        49,000 lb.
O/A LENGTH                                          348"
MAX OVERPULL AND RERUN        49,000 lb.
ABSOLUTE OVERPULL                    350,000 lb.
TOOL SHIPPING WEIGHT                 1110 lb. 
                      
HOLE SIZE                                           6 - 6 3/4
BIT BOX CONN.                                3 1/2 REG.
ADJUSTABLE TORQUE                 10,000 ft-lb
REVOLUTIONS/GALLON                      .84

NB R NB R -HP X /HP W Torque
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Differential P res s ure (ps i)

500 1k 1. 5k 2k 2. 5k
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)

765

1530

2310

3075

3840

4620

5385

6150

6930

7695

150 G P M

250 G P M

350 G P M Max ps i

Flow Range 150 - 350 GPM

Speed Range 130 - 290 RPM

Torque Slope 2.95 ft-lb./psi

Rotation 0.840 rev/gal

Off Bottom Pressure 130 psi

Performance Specifications Performance Details

Max Diff. Press. 1500 psi 2350 psi

Stall Diff. Press. 2250 psi 3710 psi

Max Torque 4430 ft-lb. 6940 ft-lb.

Stall Torque 6640 ft-lb. 10920 ft-lb.

NBR NBR-HPX/HPW
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 Mud Lube 5" 6-7 Lobe 10.0 stage

Adjustable Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 6 6-1/4 6-3/4 6 6-1/4 6-3/4
0.39° 1.8 1.4 1.6 2.0 2.1 2.4
0.78° 4.7 3.8 2.8 4.7 4.6 4.9
1.15° 7.2 6.5 5.0 7.2 6.9 7.1
1.50° 9.7 8.9 7.4 9.7 8.9 9.2
1.83° 12.1 11.3 9.7 12.1 11.3 11.3
2.12° 14.2 13.3 11.8 14.2 13.3 13.0
2.38° 16.0 15.1 13.6 16.0 15.1 14.7
2.60° 17.6 16.7 15.1 17.6 16.7 16.0
2.77° 18.7 17.9 16.3 18.7 17.9 17.0
2.89° 19.6 18.7 17.2 19.6 18.7 17.8
2.97° 20.2 19.4 17.7 20.2 19.4 18.3
3.00° 20.4 19.6 17.9 20.4 19.6 18.5

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 6 6-1/4 6-3/4 6 6-1/4 6-3/4
1.50° 11.9 10.8 9.0 11.9 10.8 11.2
1.75° 14.7 13.8 11.9 14.7 13.8 13.8
2.00° 17.3 16.3 14.3 17.3 16.3 15.9

2 .25° 18.3 17.4 15.4 18.3 17.4 16.9
2.50° 21.4 20.4 18.4 21.4 20.4 19.5
2.75° 22.8 21.8 19.9 22.8 21.8 20.8
3.00° 24.9 23.9 21.8 24.9 23.9 22.6

A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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Sealed 5" 6-7 Lobe 10.0 stage 

Adjustable Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 6 6-1/4 6-3/4 6 6-1/4 6-3/4
0.39° 1.8 1.4 1.6 2.0 2.1 2.4
0.78° 4.6 3.8 2.7 4.6 4.5 4.8
1.15° 7.2 6.4 4.9 7.2 6.8 7.0
1.50° 9.7 8.8 7.4 9.7 8.8 9.2
1.83° 12.0 11.3 9.7 12.0 11.3 11.3
2.12° 14.1 13.3 11.7 14.1 13.3 12.9
2.38° 15.9 15.0 13.5 15.9 15.0 14.6
2.60° 17.5 16.6 15.0 17.5 16.6 15.9
2.77° 18.6 17.8 16.2 18.6 17.8 16.9
2.89° 19.5 18.6 17.0 19.5 18.6 17.7
2.97° 20.1 19.3 17.6 20.1 19.3 18.2
3.00° 20.3 19.5 17.8 20.3 19.5 18.4

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 6 6-1/4 6-3/4 6 6-1/4 6-3/4
1.50° 11.5 10.5 8.8 11.5 10.5 10.9
1.75° 14.3 13.4 11.5 14.3 13.4 13.4
2.00° 16.8 15.8 13.9 16.8 15.8 15.4

2 .25° 17.8 16.9 14.9 17.8 16.9 16.4
2.50° 20.8 19.8 17.9 20.8 19.8 18.9
2.75° 22.1 21.1 19.3 22.1 21.1 20.1
3.00° 24.1 23.1 21.1 24.1 23.1 21.9

A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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DIFFERENTIAL PRESSURE  P.S.I.
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STANDARD RUBBER HARD RUBBER
6 1/2"    4 - 5   7 Stg

                        MUD LUBE
BIT TO BEND FIXED                             56.1"
BIT TO BEND ADJ                                67.7"
MAX W.O.B.                                  90,000 lb.
O/A LENGTH                                    332.8"
MAX. OVERPULL AND RERUN       90,000 lb.
ABSOLUTE OVERPULL                   780,000 lb.
TOOL SHIPPING WEIGHT                2248 lb. 

                       OIL SEALED
BIT TO BEND FIXED                              65.6"
BIT TO BEND ADJ                                77.5"
MAX W.O.B                                   156,000 lb.
O/A LENGTH                                     342.7"
MAX. OVERPULL AND RERUN       479,000 lb.
ABSOLUTE OVERPULL                    650,000 lb.
TOOL SHIPPING WEIGHT                 2344 lb.

HOLE SIZE                                     7 7/8 - 9 7/8
BIT BOX CONN.                             4 1/2 REG.
ADJUSTABLE TORQUE                  20,000 ft-lb
REVOLUTIONS/GALLON                    .50

DIFF. PRES. STANDARD                    1050 psi
DIFF. PRES. HARD                            1580 psi
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Mud Lube 6-1/2" 4-5 Lobe 7.0 stage 

Adjustable bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
0.39° 1.3 1.3 1.3 2.4 2.5 3.0
0.78° 3.5 2.9 2.6 4.7 4.8 5.3
1.15° 6.0 5.4 3.8 6.9 7.0 7.4
1.50° 8.3 7.7 5.2 8.9 9.0 9.3
1.83° 10.6 10.0 7.3 10.6 10.9 11.2
2.12° 12.6 11.9 9.2 12.6 12.6 12.9
2.38° 14.3 13.7 11.0 14.3 14.0 14.4
2.60° 15.7 15.2 12.4 15.7 15.2 15.6
2.77° 17.0 16.3 13.5 17.0 16.3 16.6
2.89° 17.7 17.1 14.4 17.7 17.1 17.3
2.97° 18.3 17.6 14.8 18.3 17.6 17.7
3.00° 18.5 17.9 15.0 18.5 17.9 17.9

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
1.50° 10.4 9.7 6.5 11.1 11.3 11.7
1.75 13.2 12.5 9.2 13.2 13.7 14.1
2.00 15.8 14.9 11.5 15.8 15.8 16.2
2.25 16.8 16.1 12.7 16.8 16.6 17.0

2.50° 19.7 19.0 15.5 19.7 19.0 19.6
2.75° 21.3 20.4 16.9 21.3 20.4 20.8
3.00° 23.2 22.4 18.9 23.2 22.4 22.4
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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Sealed 6-1/2" 4-5 Lobe 7.0 stage 

Adjustable bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
0.39° 1.2 1.2 1.2 2.1 2.2 2.6
0.78° 3.0 2.6 2.3 4.1 4.2 4.6
1.15° 5.2 4.7 3.3 6.0 6.1 6.5
1.50° 7.3 6.8 4.5 7.7 7.8 8.1
1.83° 9.2 8.7 6.4 9.2 9.5 9.8
2.12° 11.0 10.4 8.0 11.0 11.0 11.3
2.38° 12.5 12.0 9.6 12.5 12.3 12.6
2.60° 13.7 13.2 10.8 13.7 13.2 13.6
2.77° 14.8 14.2 11.8 14.8 14.2 14.5
2.89° 15.5 14.9 12.6 15.5 14.9 15.1
2.97° 16.0 15.4 12.9 16.0 15.4 15.5
3.00° 16.2 15.6 13.1 16.2 15.6 15.6

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
1.50° 8.6 8.0 5.3 9.2 9.3 9.6
1.75° 10.9 10.3 7.5 10.9 11.2 11.6
2.00° 13.0 12.3 9.5 13.0 13.0 13.3
2.25° 13.8 13.2 10.4 13.8 13.7 14.0
2.50° 16.2 15.6 12.7 16.2 15.6 16.1
2.75° 17.5 16.8 13.9 17.5 16.8 17.2
3.00° 19.1 18.4 15.5 19.1 18.4 18.4
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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DIFFERENTIAL PRESSURE  P.S.I.
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STANDARD RUBBER HARD RUBBER
6 1/2"    7 - 8   2.9 Stg

                        MUD LUBE
BIT TO BEND FIXED                             56.1"
BIT TO BEND ADJ                                67.7"
MAX W.O.B.                                  90,000 lb.
O/A LENGTH                                    342.8"
MAX. OVERPULL AND RERUN       90,000 lb.
ABSOLUTE OVERPULL                   780,000 lb.
TOOL SHIPPING WEIGHT                2379 lb. 

                       OIL SEALED
BIT TO BEND FIXED                              65.6"
BIT TO BEND ADJ                                77.5"
MAX W.O.B                                   156,000 lb.
O/A LENGTH                                     475.5"
MAX. OVERPULL AND RERUN       479,000 lb.
ABSOLUTE OVERPULL                    650,000 lb.
TOOL SHIPPING WEIGHT                 2475 lb.

HOLE SIZE                                     7 7/8 - 9 7/8
BIT BOX CONN.                             4 1/2 REG.
ADJUSTABLE TORQUE                  20,000 ft-lb
REVOLUTIONS/GALLON                    .16

DIFF. PRES. STANDARD                   440 psi
DIFF. PRES. HARD                            650 psi
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Mud Lube 6-1/2" 7-8 Lobe 2.9 stage 

Adjustable Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
0.39° 1.5 1.5 1.3 2.6 2.7 3.3
0.78° 3.7 3.1 2.8 5.0 5.1 5.6
1.15° 6.3 5.7 4.0 7.3 7.4 7.9
1.50° 8.9 8.3 5.5 9.5 9.6 10.0
1.83° 11.3 10.6 7.8 11.3 11.6 12.1
2.12° 13.4 12.8 9.9 13.4 13.4 13.8

**2.25° 14.4 13.7 10.9 14.4 14.3 14.6
2.38° 15.3 14.6 11.7 15.3 15.1 15.4
2.60° 17.0 16.2 13.3 17.0 16.2 16.8
2.77° 18.2 17.4 14.5 18.2 17.4 17.8
2.89° 19.0 18.3 15.4 19.0 18.3 18.5
2.97° 19.6 18.9 15.9 19.6 18.9 19.0
3.00° 19.8 19.2 16.1 19.8 19.2 19.3

 Fixed Bend Setting Slick

S

Single Stabilizer

S
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
1.50° 9.9 9.2 6.1 10.6 10.7 11.1
1.75° 12.6 11.8 8.7 12.6 12.9 13.4
2.00° 14.9 14.2 11.0 14.9 14.9 15.3
2.25° 16.0 15.2 12.1 16.0 15.8 16.2
2.50° 18.8 18.0 14.8 18.8 18.0 18.7
2.75° 20.2 19.4 16.1 20.2 19.4 19.8
3.00° 21.9 21.3 17.9 21.9 21.3 21.4

Hole Size
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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Sealed 6-1/2" 7-8 Lobe 2.9 stage 

Adjustable Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
0.39° 1.2 1.2 1.1 2.1 2.2 2.6
0.78° 2.9 2.5 2.3 4.0 4.1 4.5
1.15° 5.1 4.6 3.2 5.9 6.0 6.4
1.50° 7.2 6.7 4.4 7.6 7.7 8.0
1.83° 9.1 8.5 6.3 9.1 9.3 9.7
2.12° 10.8 10.3 7.9 10.8 10.8 11.1

**2.25° 11.6 11.0 8.7 11.6 11.5 11.8
2.38° 12.3 11.8 9.4 12.3 12.2 12.3
2.60° 13.6 13.0 10.7 13.6 13.0 13.5
2.77° 14.6 14.0 11.7 14.6 14.0 14.3
2.89° 15.3 14.7 12.3 15.3 14.7 14.9
2.97° 15.8 15.2 12.7 15.8 15.2 15.3
3.00° 15.9 15.4 12.9 15.9 15.4 15.5

 Fixed Bend Setting Slick

S

Single Stabilizer

S
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
1.50° 8.5 7.9 5.2 9.0 9.1 9.5
1.75° 10.8 10.1 7.4 10.8 11.0 11.5
2.00° 12.7 12.2 9.4 12.7 12.7 13.1
2.25° 13.7 13.0 10.3 13.7 13.5 13.9
2.50° 16.1 15.4 12.6 16.1 15.4 16.0
2.75° 17.3 16.6 13.8 17.3 16.6 16.9
3.00° 18.8 18.2 15.3 18.8 18.2 18.3
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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6 1/2" 7-8 3.5 Stg  
R

.P
.M

                        MUD LUBE
BIT TO BEND FIXED                             56.1"
BIT TO BEND ADJ                                67.7"
MAX W.O.B.                                      90,000 lb.
O/A LENGTH                                       382.0"
MAX. OVERPULL AND RERUN    90,000 lb.
ABSOLUTE OVERPULL                 780,000 lb.
TOOL SHIPPING WEIGHT               2379 lb. 

                       OIL SEALED
BIT TO BEND FIXED                              65.6"
BIT TO BEND ADJ                                 77.5"
MAX W.O.B                                       156,000 lb.
O/A LENGTH                                       475.5"
MAX. OVERPULL AND RERUN    479,000 lb.
ABSOLUTE OVERPULL                  650,000 lb.
TOOL SHIPPING WEIGHT               2475 lb.

HOLE SIZE                                     7 7/8 - 9 7/8
BIT BOX CONN.                             4 1/2 REG.
ADJUSTABLE TORQUE               20,000 ft-lb
REVOLUTIONS/GALLON                    .16

DIFF. PRES. STANDARD                   550 psi
DIFF. PRES. HARD                             790 psi

300 G.P.M

450 G.P.M

600 G.P.M

DIFFERENTIAL PRESSURE  P.S.I
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DIFFERENTIAL PRESSURE  P.S.I

 VOLUME gpm R.P.M. TORQUE ft-lb POWER (hp)
 300 35-45 9000 57.0
 450 62-67 8260 73.0
 600 78-90 7572 83.0

 VOLUME gpm R.P.M. TORQUE ft-lb POWER (hp)
 300 35-45 13500 149.0
 450 62-67 12750 175.0
 600 78-90 12128 196.0
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Mud Lube 6-1/2" 7-8 Lobe 3.5 stage 

Adjustable Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
0.39° 1.5 1.5 1.3 2.6 2.7 3.3
0.78° 3.7 3.1 2.8 5.0 5.1 5.6
1.15° 6.3 5.7 4.0 7.3 7.4 7.9
1.50° 8.9 8.3 5.5 9.5 9.6 10.0
1.83° 11.3 10.6 7.8 11.3 11.6 12.1
2.12° 13.4 12.8 9.9 13.4 13.4 13.8

**2.25° 14.4 13.7 10.9 14.4 14.3 14.6
2.38° 15.3 14.6 11.7 15.3 15.1 15.4
2.60° 17.0 16.2 13.3 17.0 16.2 16.8
2.77° 18.2 17.4 14.5 18.2 17.4 17.8
2.89° 19.0 18.3 15.4 19.0 18.3 18.5
2.97° 19.6 18.9 15.9 19.6 18.9 19.0
3.00° 19.8 19.2 16.1 19.8 19.2 19.3

 Fixed Bend Setting Slick

S

Single Stabilizer

S
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
1.50° 9.9 9.2 6.1 10.6 10.7 11.1
1.75° 12.6 11.8 8.7 12.6 12.9 13.4
2.00° 14.9 14.2 11.0 14.9 14.9 15.3
2.25° 16.0 15.2 12.1 16.0 15.8 16.2
2.50° 18.8 18.0 14.8 18.8 18.0 18.7
2.75° 20.2 19.4 16.1 20.2 19.4 19.8
3.00° 21.9 21.3 17.9 21.9 21.3 21.4
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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Sealed 6-1/2" 7-8 Lobe 3.5 stage 

Adjustable bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
0.39° 1.2 1.2 1.2 2.1 2.2 2.6
0.78° 3.0 2.6 2.3 4.1 4.2 4.6
1.15° 5.2 4.7 3.3 6.0 6.1 6.5
1.50° 7.3 6.8 4.5 7.7 7.8 8.1
1.83° 9.2 8.7 6.4 9.2 9.5 9.8
2.12° 11.0 10.4 8.0 11.0 11.0 11.3
2.38° 12.5 12.0 9.6 12.5 12.3 12.6
2.60° 13.7 13.2 10.8 13.7 13.2 13.6
2.77° 14.8 14.2 11.8 14.8 14.2 14.5
2.89° 15.5 14.9 12.6 15.5 14.9 15.1
2.97° 16.0 15.4 12.9 16.0 15.4 15.5
3.00° 16.2 15.6 13.1 16.2 15.6 15.6

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
1.50° 8.6 8.0 5.3 9.2 9.3 9.6
1.75° 10.9 10.3 7.5 10.9 11.2 11.6
2.00° 13.0 12.3 9.5 13.0 13.0 13.3
2.25° 13.8 13.2 10.4 13.8 13.7 14.0
2.50° 16.2 15.6 12.7 16.2 15.6 16.1
2.75° 17.5 16.8 13.9 17.5 16.8 17.2
3.00° 19.1 18.4 15.5 19.1 18.4 18.4
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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STANDARD RUBBER HARD RUBBER

6 1/2"    7 - 8   5.0 Stg

                        MUD LUBE
BIT TO BEND FIXED                             56.1"
BIT TO BEND ADJ                                67.7"
MAX W.O.B.                                  90,000 lb.
O/A LENGTH                                    317.4"
MAX. OVERPULL AND RERUN       90,000 lb.
ABSOLUTE OVERPULL                   780,000 lb.
TOOL SHIPPING WEIGHT                2292 lb. 

                       OIL SEALED
BIT TO BEND FIXED                              65.6"
BIT TO BEND ADJ                                77.5"
MAX W.O.B                                   156,000 lb.
O/A LENGTH                                     327.2"
MAX. OVERPULL AND RERUN       479,000 lb.
ABSOLUTE OVERPULL                    650,000 lb.
TOOL SHIPPING WEIGHT                 2389 lb.

HOLE SIZE                                     7 7/8 - 9 7/8
BIT BOX CONN.                             4 1/2 REG.
ADJUSTABLE TORQUE                  20,000 ft-lb
REVOLUTIONS/GALLON                    .29

DIFF. PRES. STANDARD                   750 psi
DIFF. PRES. HARD                           1130 psi

25
0

50
0

DIFFERENTIAL PRESSURE  P.S.I

 VOLUME gpm R.P.M. TORQUE ft-lb POWER (hp)
 300 59 - 86 6980 78.4
 450 102 = 129 6650 129.2
 600 145 - 173 6040 166.8

DIFFERENTIAL PRESSURE  P.S.I

 VOLUME gpm R.P.M. TORQUE ft-lb POWER (hp)
 300 59 - 86 10,460 117.5
 450 102 - 129 10,125 196.6
 600 145 - 173 9637 266.1
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Adjustable Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
0.39° 1.4 1.4 1.4 2.7 2.8 3.4
0.78° 3.9 3.2 2.8 5.1 5.3 5.9
1.15° 6.6 6.0 4.2 7.5 7.6 8.2
1.50° 9.2 8.5 5.6 9.7 9.8 10.3
1.83° 11.7 11.0 8.1 11.7 11.9 12.3
2.12° 13.8 13.1 10.2 13.8 13.7 14.2
2.38° 15.8 15.1 12.1 15.8 15.1 15.8
2.60° 17.3 16.6 13.7 17.3 16.6 17.1
2.77° 18.6 17.9 14.9 18.6 17.9 18.1
2.89° 19.5 18.8 15.8 19.5 18.8 18.8
2.97° 20.1 19.4 16.4 20.1 19.4 19.4
3.00° 20.4 19.7 16.5 20.4 19.7 19.5

Fixed Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
1.50° 11.2 10.3 6.8 11.7 11.9 12.4
1.75° 14.1 13.3 9.7 14.1 14.4 14.8
2.00° 16.7 15.8 12.3 16.7 16.5 17.1
2.25° 17.8 16.9 13.4 17.8 17.5 18.1
2.50° 20.9 20.1 16.5 20.9 20.1 20.6
2.75° 22.5 21.6 17.9 22.5 21.6 21.9
3.00° 24.6 23.7 19.9 24.6 23.7 23.6

 Mud Lube 6-1/2" 7-8 Lobe 5.0 stage 
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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Adjustable Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
0.39° 1.2 1.2 1.2 2.3 2.4 2.8
0.78° 3.2 2.6 2.4 4.3 4.4 4.9
1.15° 5.5 5.0 3.5 6.3 6.4 6.9
1.50° 7.7 7.2 4.7 8.1 8.2 8.6
1.83° 9.8 9.2 6.8 9.8 10.0 10.3
2.12° 11.6 11.0 8.5 11.6 11.5 11.9
2.38° 13.2 12.7 10.1 13.2 12.7 13.2
2.60° 14.5 13.9 11.5 14.5 13.9 14.3
2.77° 15.6 15.0 12.5 15.6 15.0 15.2
2.89° 16.4 15.8 13.2 16.4 15.8 15.8
2.97° 16.9 16.3 13.7 16.9 16.3 16.3
3.00° 17.1 16.5 13.8 17.1 16.5 16.4

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
1.50° 9.4 8.6 5.7 9.8 9.9 10.4
1.75° 11.8 11.1 8.2 11.8 12.1 12.4
2.00° 14.0 13.3 10.3 14.0 13.9 14.3
2.25° 14.9 14.2 11.2 14.9 14.7 15.2
2.50° 17.5 16.8 13.9 17.5 16.8 17.3
2.75° 18.8 18.1 15.0 18.8 18.1 18.4
3.00° 20.6 19.9 16.7 20.6 19.9 19.8

 Sealed 6-1/2" 7-8 Lobe 5.0 stage 
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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Adjustable Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
0.39° 1.4 1.4 1.4 2.7 2.8 3.4
0.78° 3.9 3.2 2.8 5.1 5.3 5.9
1.15° 6.6 6.0 4.2 7.5 7.6 8.2
1.50° 9.2 8.5 5.6 9.7 9.8 10.3
1.83° 11.7 11.0 8.1 11.7 11.9 12.3
2.12° 13.8 13.1 10.2 13.8 13.7 14.2
2.38° 15.8 15.1 12.1 15.8 15.1 15.8
2.60° 17.3 16.6 13.7 17.3 16.6 17.1
2.77° 18.6 17.9 14.9 18.6 17.9 18.1
2.89° 19.5 18.8 15.8 19.5 18.8 18.8
2.97° 20.1 19.4 16.4 20.1 19.4 19.4
3.00° 20.4 19.7 16.5 20.4 19.7 19.5

Fixed Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
1.50° 11.2 10.3 6.8 11.7 11.9 12.4
1.75° 14.1 13.3 9.7 14.1 14.4 14.8
2.00° 16.7 15.8 12.3 16.7 16.5 17.1
2.25° 17.8 16.9 13.4 17.8 17.5 18.1
2.50° 20.9 20.1 16.5 20.9 20.1 20.6
2.75° 22.5 21.6 17.9 22.5 21.6 21.9
3.00° 24.6 23.7 19.9 24.6 23.7 23.6

 Mud Lube 6 1/2" 7-8 Lobe 5.7 stage 
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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Adjustable Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
0.39° 1.2 1.2 1.2 2.3 2.4 2.8
0.78° 3.2 2.6 2.4 4.3 4.4 4.9
1.15° 5.5 5.0 3.5 6.3 6.4 6.9
1.50° 7.7 7.2 4.7 8.1 8.2 8.6
1.83° 9.8 9.2 6.8 9.8 10.0 10.3
2.12° 11.6 11.0 8.5 11.6 11.5 11.9
2.38° 13.2 12.7 10.1 13.2 12.7 13.2
2.60° 14.5 13.9 11.5 14.5 13.9 14.3
2.77° 15.6 15.0 12.5 15.6 15.0 15.2
2.89° 16.4 15.8 13.2 16.4 15.8 15.8
2.97° 16.9 16.3 13.7 16.9 16.3 16.3
3.00° 17.1 16.5 13.8 17.1 16.5 16.4

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
1.50° 9.4 8.6 5.7 9.8 9.9 10.4
1.75° 11.8 11.1 8.2 11.8 12.1 12.4
2.00° 14.0 13.3 10.3 14.0 13.9 14.3
2.25° 14.9 14.2 11.2 14.9 14.7 15.2
2.50° 17.5 16.8 13.9 17.5 16.8 17.3
2.75° 18.8 18.1 15.0 18.8 18.1 18.4
3.00° 20.6 19.9 16.7 20.6 19.9 19.8

 Sealed 6 1/2" 7-8 Lobe 5.7 stage 
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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DIFFERENTIAL PRESSURE  P.S.I.
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STANDARD RUBBER HARD RUBBER
6 3/4"    4 - 5   7 Stg

                        MUD LUBE
BIT TO BEND FIXED                             56.1"
BIT TO BEND ADJ                                67.7"
MAX W.O.B.                                  90,000 lb.
O/A LENGTH                                    332.8"
MAX. OVERPULL AND RERUN       90,000 lb.
ABSOLUTE OVERPULL                   780,000 lb.
TOOL SHIPPING WEIGHT                2248 lb. 

                       OIL SEALED
BIT TO BEND FIXED                              65.6"
BIT TO BEND ADJ                                77.5"
MAX W.O.B                                   156,000 lb.
O/A LENGTH                                     342.7"
MAX. OVERPULL AND RERUN       479,000 lb.
ABSOLUTE OVERPULL                    650,000 lb.
TOOL SHIPPING WEIGHT                 2344 lb.

HOLE SIZE                                     7 7/8 - 9 7/8
BIT BOX CONN.                             4 1/2 REG.
ADJUSTABLE TORQUE                  20,000 ft-lb
REVOLUTIONS/GALLON                    .50

DIFF. PRES. STANDARD                    1050 psi
DIFF. PRES. HARD                            1580 psi
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Mud Lube 6-3/4" 4-5 Lobe 7.0 stage 

Adjustable bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
0.39° 1.3 1.3 1.3 2.4 2.5 3.0
0.78° 3.5 2.9 2.6 4.7 4.8 5.3
1.15° 6.0 5.4 3.8 6.9 7.0 7.4
1.50° 8.3 7.7 5.2 8.9 9.0 9.3
1.83° 10.6 10.0 7.3 10.6 10.9 11.2
2.12° 12.6 11.9 9.2 12.6 12.6 12.9
2.38° 14.3 13.7 11.0 14.3 14.0 14.4
2.60° 15.7 15.2 12.4 15.7 15.2 15.6
2.77° 17.0 16.3 13.5 17.0 16.3 16.6
2.89° 17.7 17.1 14.4 17.7 17.1 17.3
2.97° 18.3 17.6 14.8 18.3 17.6 17.7
3.00° 18.5 17.9 15.0 18.5 17.9 17.9

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
1.50° 10.4 9.7 6.5 11.1 11.3 11.7
1.75 13.2 12.5 9.2 13.2 13.7 14.1
2.00 15.8 14.9 11.5 15.8 15.8 16.2
2.25 16.8 16.1 12.7 16.8 16.6 17.0

2.50° 19.7 19.0 15.5 19.7 19.0 19.6
2.75° 21.3 20.4 16.9 21.3 20.4 20.8
3.00° 23.2 22.4 18.9 23.2 22.4 22.4
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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Sealed 6-3/4" 4-5 Lobe 7.0 stage 

Adjustable bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
0.39° 1.2 1.2 1.2 2.1 2.2 2.6
0.78° 3.0 2.6 2.3 4.1 4.2 4.6
1.15° 5.2 4.7 3.3 6.0 6.1 6.5
1.50° 7.3 6.8 4.5 7.7 7.8 8.1
1.83° 9.2 8.7 6.4 9.2 9.5 9.8
2.12° 11.0 10.4 8.0 11.0 11.0 11.3
2.38° 12.5 12.0 9.6 12.5 12.3 12.6
2.60° 13.7 13.2 10.8 13.7 13.2 13.6
2.77° 14.8 14.2 11.8 14.8 14.2 14.5
2.89° 15.5 14.9 12.6 15.5 14.9 15.1
2.97° 16.0 15.4 12.9 16.0 15.4 15.5
3.00° 16.2 15.6 13.1 16.2 15.6 15.6

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
1.50° 8.6 8.0 5.3 9.2 9.3 9.6
1.75° 10.9 10.3 7.5 10.9 11.2 11.6
2.00° 13.0 12.3 9.5 13.0 13.0 13.3
2.25° 13.8 13.2 10.4 13.8 13.7 14.0
2.50° 16.2 15.6 12.7 16.2 15.6 16.1
2.75° 17.5 16.8 13.9 17.5 16.8 17.2
3.00° 19.1 18.4 15.5 19.1 18.4 18.4
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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STANDARD RUBBER HARD RUBBER

6 3/4"    7 - 8   2.9 Stg

                        MUD LUBE
BIT TO BEND FIXED                             56.1"
BIT TO BEND ADJ                                67.7"
MAX W.O.B.                                  90,000 lb.
O/A LENGTH                                    342.8"
MAX. OVERPULL AND RERUN       90,000 lb.
ABSOLUTE OVERPULL                   780,000 lb.
TOOL SHIPPING WEIGHT                2379 lb. 

                       OIL SEALED
BIT TO BEND FIXED                              65.6"
BIT TO BEND ADJ                                77.5"
MAX W.O.B                                   156,000 lb.
O/A LENGTH                                     475.5"
MAX. OVERPULL AND RERUN       479,000 lb.
ABSOLUTE OVERPULL                    650,000 lb.
TOOL SHIPPING WEIGHT                 2475 lb.

HOLE SIZE                                     7 7/8 - 9 7/8
BIT BOX CONN.                             4 1/2 REG.
ADJUSTABLE TORQUE                  20,000 ft-lb
REVOLUTIONS/GALLON                    .16

DIFF. PRES. STANDARD                   440 psi
DIFF. PRES. HARD                            650 psi

15
0

DIFFERENTIAL PRESSURE  P.S.I

 VOLUME gpm R.P.M. TORQUE ft-lb POWER (hp)
 300 36 - 48 6690 45.9
 400 52 - 64 6250 61.9
 500 68 - 80 5562 72.0

DIFFERENTIAL PRESSURE  P.S.I

 VOLUME gpm R.P.M. TORQUE ft-lb POWER (hp)
 300 36 - 48 10,030 68.8
 400 52 - 64 9575 94.8
 500 68 - 80 8953 115.9
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Mud Lube 6-3/4" 7-8 Lobe 2.9 stage 

Adjustable Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
0.39° 1.5 1.5 1.3 2.6 2.7 3.3
0.78° 3.7 3.1 2.8 5.0 5.1 5.6
1.15° 6.3 5.7 4.0 7.3 7.4 7.9
1.50° 8.9 8.3 5.5 9.5 9.6 10.0
1.83° 11.3 10.6 7.8 11.3 11.6 12.1
2.12° 13.4 12.8 9.9 13.4 13.4 13.8

**2.25° 14.4 13.7 10.9 14.4 14.3 14.6
2.38° 15.3 14.6 11.7 15.3 15.1 15.4
2.60° 17.0 16.2 13.3 17.0 16.2 16.8
2.77° 18.2 17.4 14.5 18.2 17.4 17.8
2.89° 19.0 18.3 15.4 19.0 18.3 18.5
2.97° 19.6 18.9 15.9 19.6 18.9 19.0
3.00° 19.8 19.2 16.1 19.8 19.2 19.3

 Fixed Bend Setting Slick

S

Single Stabilizer

S
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
1.50° 9.9 9.2 6.1 10.6 10.7 11.1
1.75° 12.6 11.8 8.7 12.6 12.9 13.4
2.00° 14.9 14.2 11.0 14.9 14.9 15.3
2.25° 16.0 15.2 12.1 16.0 15.8 16.2
2.50° 18.8 18.0 14.8 18.8 18.0 18.7
2.75° 20.2 19.4 16.1 20.2 19.4 19.8
3.00° 21.9 21.3 17.9 21.9 21.3 21.4
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Sealed 6-3/4" 7-8 Lobe 2.9 stage 

Adjustable Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
0.39° 1.2 1.2 1.1 2.1 2.2 2.6
0.78° 2.9 2.5 2.3 4.0 4.1 4.5
1.15° 5.1 4.6 3.2 5.9 6.0 6.4
1.50° 7.2 6.7 4.4 7.6 7.7 8.0
1.83° 9.1 8.5 6.3 9.1 9.3 9.7
2.12° 10.8 10.3 7.9 10.8 10.8 11.1

**2.25° 11.6 11.0 8.7 11.6 11.5 11.8
2.38° 12.3 11.8 9.4 12.3 12.2 12.3
2.60° 13.6 13.0 10.7 13.6 13.0 13.5
2.77° 14.6 14.0 11.7 14.6 14.0 14.3
2.89° 15.3 14.7 12.3 15.3 14.7 14.9
2.97° 15.8 15.2 12.7 15.8 15.2 15.3
3.00° 15.9 15.4 12.9 15.9 15.4 15.5

 Fixed Bend Setting Slick

S

Single Stabilizer

S
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
1.50° 8.5 7.9 5.2 9.0 9.1 9.5
1.75° 10.8 10.1 7.4 10.8 11.0 11.5
2.00° 12.7 12.2 9.4 12.7 12.7 13.1
2.25° 13.7 13.0 10.3 13.7 13.5 13.9
2.50° 16.1 15.4 12.6 16.1 15.4 16.0
2.75° 17.3 16.6 13.8 17.3 16.6 16.9
3.00° 18.8 18.2 15.3 18.8 18.2 18.3

Hole Size
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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6 3/4" 7-8 3.5 Stg  
R.

P.
M

                        MUD LUBE
BIT TO BEND FIXED                             56.1"
BIT TO BEND ADJ                                67.7"
MAX W.O.B.                                      90,000 lb.
O/A LENGTH                                       382.0"
MAX. OVERPULL AND RERUN    90,000 lb.
ABSOLUTE OVERPULL                 780,000 lb.
TOOL SHIPPING WEIGHT               2379 lb. 

                       OIL SEALED
BIT TO BEND FIXED                              65.6"
BIT TO BEND ADJ                                 77.5"
MAX W.O.B                                       156,000 lb.
O/A LENGTH                                       475.5"
MAX. OVERPULL AND RERUN    479,000 lb.
ABSOLUTE OVERPULL                  650,000 lb.
TOOL SHIPPING WEIGHT               2475 lb.

HOLE SIZE                                     7 7/8 - 9 7/8
BIT BOX CONN.                             4 1/2 REG.
ADJUSTABLE TORQUE               20,000 ft-lb
REVOLUTIONS/GALLON                    .16

DIFF. PRES. STANDARD                   550 psi
DIFF. PRES. HARD                             790 psi

300 G.P.M

450 G.P.M

600 G.P.M

DIFFERENTIAL PRESSURE  P.S.I
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DIFFERENTIAL PRESSURE  P.S.I
VOLUME gpm            R.P.M.               TORQUE �-lb       POWER (hp)
          300                     35-45                       9000                      57.0
          450                     62-67                       8260                      73.0
          600                     78-90                       7572                      83.0

VOLUME gpm            R.P.M.               TORQUE �-lb       POWER (hp)
          300                     35-45                       13500                  149.0
          450                     62-67                       12750                  175.0
          600                     78-90                       12128                  196.0
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Mud Lube 6-3/4" 7-8 Lobe 3.5 stage 

Adjustable Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
0.39° 1.5 1.5 1.3 2.6 2.7 3.3
0.78° 3.7 3.1 2.8 5.0 5.1 5.6
1.15° 6.3 5.7 4.0 7.3 7.4 7.9
1.50° 8.9 8.3 5.5 9.5 9.6 10.0
1.83° 11.3 10.6 7.8 11.3 11.6 12.1
2.12° 13.4 12.8 9.9 13.4 13.4 13.8

**2.25° 14.4 13.7 10.9 14.4 14.3 14.6
2.38° 15.3 14.6 11.7 15.3 15.1 15.4
2.60° 17.0 16.2 13.3 17.0 16.2 16.8
2.77° 18.2 17.4 14.5 18.2 17.4 17.8
2.89° 19.0 18.3 15.4 19.0 18.3 18.5
2.97° 19.6 18.9 15.9 19.6 18.9 19.0
3.00° 19.8 19.2 16.1 19.8 19.2 19.3

 Fixed Bend Setting Slick

S

Single Stabilizer

S
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
1.50° 9.9 9.2 6.1 10.6 10.7 11.1
1.75° 12.6 11.8 8.7 12.6 12.9 13.4
2.00° 14.9 14.2 11.0 14.9 14.9 15.3
2.25° 16.0 15.2 12.1 16.0 15.8 16.2
2.50° 18.8 18.0 14.8 18.8 18.0 18.7
2.75° 20.2 19.4 16.1 20.2 19.4 19.8
3.00° 21.9 21.3 17.9 21.9 21.3 21.4

Hole Size
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 



151

Sealed 6-3/4" 7-8 Lobe 3.5 stage 

Adjustable bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
0.39° 1.2 1.2 1.2 2.1 2.2 2.6
0.78° 3.0 2.6 2.3 4.1 4.2 4.6
1.15° 5.2 4.7 3.3 6.0 6.1 6.5
1.50° 7.3 6.8 4.5 7.7 7.8 8.1
1.83° 9.2 8.7 6.4 9.2 9.5 9.8
2.12° 11.0 10.4 8.0 11.0 11.0 11.3
2.38° 12.5 12.0 9.6 12.5 12.3 12.6
2.60° 13.7 13.2 10.8 13.7 13.2 13.6
2.77° 14.8 14.2 11.8 14.8 14.2 14.5
2.89° 15.5 14.9 12.6 15.5 14.9 15.1
2.97° 16.0 15.4 12.9 16.0 15.4 15.5
3.00° 16.2 15.6 13.1 16.2 15.6 15.6

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
1.50° 8.6 8.0 5.3 9.2 9.3 9.6
1.75° 10.9 10.3 7.5 10.9 11.2 11.6
2.00° 13.0 12.3 9.5 13.0 13.0 13.3
2.25° 13.8 13.2 10.4 13.8 13.7 14.0
2.50° 16.2 15.6 12.7 16.2 15.6 16.1
2.75° 17.5 16.8 13.9 17.5 16.8 17.2
3.00° 19.1 18.4 15.5 19.1 18.4 18.4
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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6 3/4"    7 - 8   5.0 Stg

                        MUD LUBE
BIT TO BEND FIXED                             56.1"
BIT TO BEND ADJ                                67.7"
MAX W.O.B.                                  90,000 lb.
O/A LENGTH                                    317.4"
MAX. OVERPULL AND RERUN       90,000 lb.
ABSOLUTE OVERPULL                   780,000 lb.
TOOL SHIPPING WEIGHT                2292 lb. 

                       OIL SEALED
BIT TO BEND FIXED                              65.6"
BIT TO BEND ADJ                                77.5"
MAX W.O.B                                   156,000 lb.
O/A LENGTH                                     327.2"
MAX. OVERPULL AND RERUN       479,000 lb.
ABSOLUTE OVERPULL                    650,000 lb.
TOOL SHIPPING WEIGHT                 2389 lb.

HOLE SIZE                                     7 7/8 - 9 7/8
BIT BOX CONN.                             4 1/2 REG.
ADJUSTABLE TORQUE                  20,000 ft-lb
REVOLUTIONS/GALLON                    .29

DIFF. PRES. STANDARD                   750 psi
DIFF. PRES. HARD                           1130 psi

25
0

50
0

DIFFERENTIAL PRESSURE  P.S.I

 VOLUME gpm R.P.M. TORQUE ft-lb POWER (hp)
 300 59 - 86 6980 78.4
 450 102 - 129 6650 129.2
 600 145 - 173 6040 166.8

DIFFERENTIAL PRESSURE  P.S.I

 VOLUME gpm R.P.M. TORQUE ft-lb POWER (hp)
 300 59 - 86 10,460 117.5
 450 102 - 129 10,125 196.6
 600 145 - 173 9637 266.1
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Adjustable Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
0.39° 1.4 1.4 1.4 2.7 2.8 3.4
0.78° 3.9 3.2 2.8 5.1 5.3 5.9
1.15° 6.6 6.0 4.2 7.5 7.6 8.2
1.50° 9.2 8.5 5.6 9.7 9.8 10.3
1.83° 11.7 11.0 8.1 11.7 11.9 12.3
2.12° 13.8 13.1 10.2 13.8 13.7 14.2
2.38° 15.8 15.1 12.1 15.8 15.1 15.8
2.60° 17.3 16.6 13.7 17.3 16.6 17.1
2.77° 18.6 17.9 14.9 18.6 17.9 18.1
2.89° 19.5 18.8 15.8 19.5 18.8 18.8
2.97° 20.1 19.4 16.4 20.1 19.4 19.4
3.00° 20.4 19.7 16.5 20.4 19.7 19.5

Fixed Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
1.50° 11.2 10.3 6.8 11.7 11.9 12.4
1.75° 14.1 13.3 9.7 14.1 14.4 14.8
2.00° 16.7 15.8 12.3 16.7 16.5 17.1
2.25° 17.8 16.9 13.4 17.8 17.5 18.1
2.50° 20.9 20.1 16.5 20.9 20.1 20.6
2.75° 22.5 21.6 17.9 22.5 21.6 21.9
3.00° 24.6 23.7 19.9 24.6 23.7 23.6

 Mud Lube 6-3/4" 7-8 Lobe 5.0 stage 
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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Adjustable Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
0.39° 1.2 1.2 1.2 2.3 2.4 2.8
0.78° 3.2 2.6 2.4 4.3 4.4 4.9
1.15° 5.5 5.0 3.5 6.3 6.4 6.9
1.50° 7.7 7.2 4.7 8.1 8.2 8.6
1.83° 9.8 9.2 6.8 9.8 10.0 10.3
2.12° 11.6 11.0 8.5 11.6 11.5 11.9
2.38° 13.2 12.7 10.1 13.2 12.7 13.2
2.60° 14.5 13.9 11.5 14.5 13.9 14.3
2.77° 15.6 15.0 12.5 15.6 15.0 15.2
2.89° 16.4 15.8 13.2 16.4 15.8 15.8
2.97° 16.9 16.3 13.7 16.9 16.3 16.3
3.00° 17.1 16.5 13.8 17.1 16.5 16.4

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
1.50° 9.4 8.6 5.7 9.8 9.9 10.4
1.75° 11.8 11.1 8.2 11.8 12.1 12.4
2.00° 14.0 13.3 10.3 14.0 13.9 14.3
2.25° 14.9 14.2 11.2 14.9 14.7 15.2
2.50° 17.5 16.8 13.9 17.5 16.8 17.3
2.75° 18.8 18.1 15.0 18.8 18.1 18.4
3.00° 20.6 19.9 16.7 20.6 19.9 19.8

 Sealed 6-3/4" 7-8 Lobe 5.0 stage 
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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STANDARD RUBBER HARD RUBBER
6 3/4"    7 - 8   5.7 Stg

                        MUD LUBE
BIT TO BEND FIXED                             56.1"
BIT TO BEND ADJ                                67.7"
MAX W.O.B.                                      90,000 lb.
O/A LENGTH                                        382.9"
MAX. OVERPULL AND RERUN     90,000 lb.
ABSOLUTE OVERPULL                  780,000 lb.
TOOL SHIPPING WEIGHT                2636 lb. 

                       OIL SEALED
BIT TO BEND FIXED                             65.6"
BIT TO BEND ADJ                                 77.5"
MAX W.O.B                                      156,000 lb.
O/A LENGTH                                        392.7"
MAX. OVERPULL AND RERUN   479,000 lb.
ABSOLUTE OVERPULL                 650,000 lb.
TOOL SHIPPING WEIGHT                2733 lb.

HOLE SIZE                                      7 7/8 - 9 7/8
BIT BOX CONN.                              4 1/2 REG.
ADJUSTABLE TORQUE                 20,000 ft-lb
REVELOUTIONS/GALLON                0.242

DIFF. PRES. STANDARD                   860 psi
DIFF. PRES. HARD                            1280 psi
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Adjustable Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
0.39° 1.4 1.4 1.4 2.7 2.8 3.4
0.78° 3.9 3.2 2.8 5.1 5.3 5.9
1.15° 6.6 6.0 4.2 7.5 7.6 8.2
1.50° 9.2 8.5 5.6 9.7 9.8 10.3
1.83° 11.7 11.0 8.1 11.7 11.9 12.3
2.12° 13.8 13.1 10.2 13.8 13.7 14.2
2.38° 15.8 15.1 12.1 15.8 15.1 15.8
2.60° 17.3 16.6 13.7 17.3 16.6 17.1
2.77° 18.6 17.9 14.9 18.6 17.9 18.1
2.89° 19.5 18.8 15.8 19.5 18.8 18.8
2.97° 20.1 19.4 16.4 20.1 19.4 19.4
3.00° 20.4 19.7 16.5 20.4 19.7 19.5

Fixed Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
1.50° 11.2 10.3 6.8 11.7 11.9 12.4
1.75° 14.1 13.3 9.7 14.1 14.4 14.8
2.00° 16.7 15.8 12.3 16.7 16.5 17.1
2.25° 17.8 16.9 13.4 17.8 17.5 18.1
2.50° 20.9 20.1 16.5 20.9 20.1 20.6
2.75° 22.5 21.6 17.9 22.5 21.6 21.9
3.00° 24.6 23.7 19.9 24.6 23.7 23.6

 Mud Lube 6-3/4" 7-8 Lobe 5.7 stage 
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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Adjustable Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
0.39° 1.2 1.2 1.2 2.3 2.4 2.8
0.78° 3.2 2.6 2.4 4.3 4.4 4.9
1.15° 5.5 5.0 3.5 6.3 6.4 6.9
1.50° 7.7 7.2 4.7 8.1 8.2 8.6
1.83° 9.8 9.2 6.8 9.8 10.0 10.3
2.12° 11.6 11.0 8.5 11.6 11.5 11.9
2.38° 13.2 12.7 10.1 13.2 12.7 13.2
2.60° 14.5 13.9 11.5 14.5 13.9 14.3
2.77° 15.6 15.0 12.5 15.6 15.0 15.2
2.89° 16.4 15.8 13.2 16.4 15.8 15.8
2.97° 16.9 16.3 13.7 16.9 16.3 16.3
3.00° 17.1 16.5 13.8 17.1 16.5 16.4

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
1.50° 9.4 8.6 5.7 9.8 9.9 10.4
1.75° 11.8 11.1 8.2 11.8 12.1 12.4
2.00° 14.0 13.3 10.3 14.0 13.9 14.3
2.25° 14.9 14.2 11.2 14.9 14.7 15.2
2.50° 17.5 16.8 13.9 17.5 16.8 17.3
2.75° 18.8 18.1 15.0 18.8 18.1 18.4
3.00° 20.6 19.9 16.7 20.6 19.9 19.8

 Sealed 6-3/4" 7-8 Lobe 5.7 stage 
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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7"    7 - 8   6.8 Stg

                       MUD LUBE
BIT TO BEND FIXED                             56.1"
BIT TO BEND ADJ                                67.7"
MAX W.O.B.                                      90,000 lb.
O/A LENGTH                                        382.9"
MAX. OVERPULL AND RERUN    130,000 lb.
ABSOLUTE OVERPULL                  780,000 lb.
TOOL SHIPPING WEIGHT                2636 lb. 

                      OIL SEALED
BIT TO BEND FIXED                             65.6"
BIT TO BEND ADJ                                 77.5"
MAX W.O.B                                      156,000 lb.
O/A LENGTH                                        392.7"
MAX. OVERPULL AND RERUN   479,000 lb.
ABSOLUTE OVERPULL                 650,000 lb.
TOOL SHIPPING WEIGHT                2733 lb.

HOLE SIZE                                      7 7/8 - 9 7/8
BIT BOX CONN.                              4 1/2 REG.
ADJUSTABLE TORQUE                 20,000 ft-lb
REVELOUTIONS/GALLON                0.242

DIFF. PRES. STANDARD                   860 psi
DIFF. PRES. HARD                            1280 psi
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Max ps i

Flow Range 300 - 600 GPM

Speed Range 90 - 180 RPM

Torque Slope 9.56 ft-lb./psi

Rotation 0.304 rev/gal

Off Bottom Pressure 120 psi

Performance Specifications Performance Details

Max Diff. Press. 1020 psi 1600 psi

Stall Diff. Press. 1530 psi 2520 psi

Max Torque 9760 ft-lb. 15280 ft-lb.

Stall Torque 14630 ft-lb. 24070 ft-lb.

NBR NBR-HPX/HPW
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Adjustable Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
0.39° 1.4 1.4 1.4 2.7 2.8 3.4
0.78° 3.9 3.2 2.8 5.1 5.3 5.9
1.15° 6.6 6.0 4.2 7.5 7.6 8.2
1.50° 9.2 8.5 5.6 9.7 9.8 10.3
1.83° 11.7 11.0 8.1 11.7 11.9 12.3
2.12° 13.8 13.1 10.2 13.8 13.7 14.2
2.38° 15.8 15.1 12.1 15.8 15.1 15.8
2.60° 17.3 16.6 13.7 17.3 16.6 17.1
2.77° 18.6 17.9 14.9 18.6 17.9 18.1
2.89° 19.5 18.8 15.8 19.5 18.8 18.8
2.97° 20.1 19.4 16.4 20.1 19.4 19.4
3.00° 20.4 19.7 16.5 20.4 19.7 19.5

Fixed Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
1.50° 11.2 10.3 6.8 11.7 11.9 12.4
1.75° 14.1 13.3 9.7 14.1 14.4 14.8
2.00° 16.7 15.8 12.3 16.7 16.5 17.1
2.25° 17.8 16.9 13.4 17.8 17.5 18.1
2.50° 20.9 20.1 16.5 20.9 20.1 20.6
2.75° 22.5 21.6 17.9 22.5 21.6 21.9
3.00° 24.6 23.7 19.9 24.6 23.7 23.6

 Mud Lube 7" 7-8 Lobe 6.8 stage 
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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Adjustable Bend 
Setting

Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
0.39° 1.2 1.2 1.2 2.3 2.4 2.8
0.78° 3.2 2.6 2.4 4.3 4.4 4.9
1.15° 5.5 5.0 3.5 6.3 6.4 6.9
1.50° 7.7 7.2 4.7 8.1 8.2 8.6
1.83° 9.8 9.2 6.8 9.8 10.0 10.3
2.12° 11.6 11.0 8.5 11.6 11.5 11.9
2.38° 13.2 12.7 10.1 13.2 12.7 13.2
2.60° 14.5 13.9 11.5 14.5 13.9 14.3
2.77° 15.6 15.0 12.5 15.6 15.0 15.2
2.89° 16.4 15.8 13.2 16.4 15.8 15.8
2.97° 16.9 16.3 13.7 16.9 16.3 16.3
3.00° 17.1 16.5 13.8 17.1 16.5 16.4

Fixed Bend Setting Slick
Hole Size

Single Stabilizer
Hole Size

Deg 8-1/2 8-3/4 9-7/8 8-1/2 8-3/4 9-7/8
1.50° 9.4 8.6 5.7 9.8 9.9 10.4
1.75° 11.8 11.1 8.2 11.8 12.1 12.4
2.00° 14.0 13.3 10.3 14.0 13.9 14.3
2.25° 14.9 14.2 11.2 14.9 14.7 15.2
2.50° 17.5 16.8 13.9 17.5 16.8 17.3
2.75° 18.8 18.1 15.0 18.8 18.1 18.4
3.00° 20.6 19.9 16.7 20.6 19.9 19.8

 Sealed 7" 7-8 Lobe 6.8 stage 
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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                        MUD LUBE
BIT TO BEND FIXED                            66.6 "
BIT TO BEND ADJUSTABLE                 80.2 "
MAX W.O.B.                                 140,000 lb.
O/A LENGTH                                     377.5 "
MAX. OVERPULL AND RERUN      140,000 lb.
ABSOLUTE OVERPULL                 1,200,000 lb.
TOOL SHIPPING WEIGHT                3679 lb.

                   SEALED BEARING
BIT TO BEND FIXED                             76.5"
BIT TO BEND ADJUSTABLE                  89.5"
MAX W.O.B.                                  210,000 lb.
O/A LENGTH                                     386.3"
MAX OVERPULL AND RERUN       679,000 lb.
ABSOLUTE OVERPULL                   990,000 lb.
TOOL SHIPPING WEIGHT                3826 lb. 
                       
HOLE SIZE                                    9 7/8 - 12 1/4   
BIT BOX CONN.                             6 5/8 REG.
ADJUSTABLE TORQUE                  40,000 ft-lb
REVOLUTIONS/GALLON                    .24

DIFF. PRES. STANDARD                   900 psi

DIFFERENTIAL PRESSURE  P.S.I

 VOLUME gpm R.P.M. TORQUE ft-lb POWER (hp)
 400 60 - 99 10,200 128.2
 650 126 - 165 9825 235.7
 900 191 - 230 8996 327.2

Alternate Stator Tube OD Available: 7-3/4 in (197 mm)
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 Mud Lube 8" 5-6 Lobe 6.0 stage 

Adjustable Bend 
Setting Slick Hole Size Single Stabilizer

Hole Size

Deg 9-7/8 10-5/8 12-1/4 9-7/8 10-5/8 12-1/4
0.39° 1.2 1.2 1.1 2.5 2.7 3.4
0.78° 2.4 2.3 2.3 4.4 4.8 5.3
1.15° 4.6 3.4 3.4 6.4 6.6 7.2
1.50° 6.6 5.3 4.3 8.2 8.5 8.9
1.83° 8.6 7.2 5.3 9.9 10.1 10.5
2.12° 10.3 8.9 6.1 11.4 11.6 12.0
2.38° 11.8 10.4 7.6 12.8 12.9 13.3
2.60° 13.1 11.7 8.8 13.9 14.1 14.4
2.77° 14.2 12.7 9.8 14.7 15.0 15.3
2.89° 14.9 13.4 10.4 15.4 15.6 15.8
2.97° 15.4 13.9 10.9 15.8 15.9 16.3
3.00° 15.5 14.1 11.1 15.9 16.2 16.5

Fixed Bend Setting Slick Hole Size Single Stabilizer
Hole Size

Deg 9-7/8 10-5/8 12-1/4 9-7/8 10-5/8 12-1/4
1.50° 8.0 6.4 5.2 9.9 10.2 10.7
1.75° 10.3 8.6 6.4 11.9 12.1 12.7
2.00° 12.4 10.7 7.3 13.7 14.0 14.5
2.25° 13.3 11.6 8.2 14.6 14.8 15.3
2.50° 15.8 14.1 10.6 16.7 17.0 17.4
2.75° 17.1 15.3 11.8 17.8 18.0 18.4
3.00° 18.7 17.0 13.3 19.2 19.5 19.9
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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 Sealed 8" 5-6 Lobe 6.0 stage 

Adjustable Bend 
Setting Slick Hole Size Single Stabilizer

Hole Size

Deg 9-7/8 10-5/8 12-1/4 9-7/8 10-5/8 12-1/4
0.39° 1.1 1.1 1.0 2.2 2.4 3.0
0.78° 2.1 2.0 2.0 4.0 4.3 4.8
1.15° 4.1 3.0 3.0 5.7 5.9 6.4
1.50° 5.9 4.8 3.9 7.4 7.6 8.0
1.83° 7.7 6.4 4.8 8.8 9.0 9.4
2.12° 9.2 8.0 5.4 10.2 10.4 10.8

**2.25° 9.9 8.7 6.1 10.9 11.0 11.4
2.38° 10.6 9.3 6.8 11.5 11.6 12.0
2.60° 11.8 10.5 7.9 12.4 12.6 12.9
2.77° 12.7 11.4 8.7 13.2 13.4 13.7
2.89° 13.3 12.1 9.3 13.8 14.0 14.2
2.97° 13.8 12.4 9.8 14.2 14.3 14.6
3.00° 13.9 12.6 9.9 14.3 14.5 14.8

Fixed Bend Setting Slick Hole Size Single Stabilizer
Hole Size

Deg 9-7/8 10-5/8 12-1/4 9-7/8 10-5/8 12-1/4
1.50° 6.9 5.6 4.5 8.6 8.9 9.3
1.75° 9.0 7.5 5.6 10.3 10.6 11.0
2.00° 10.8 9.3 6.4 11.9 12.2 12.6
2.25° 11.6 10.1 7.2 12.7 12.8 13.3
2.50° 12.4 10.9 8.0 13.4 13.5 14.0
2.75° 13.8 12.3 9.2 14.6 14.8 15.1
3.00° 14.9 13.3 10.2 15.5 15.7 16.0
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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DIFFERENTIAL PRESSURE  P.S.I.
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STANDARD RUBBER
8"   7 - 8  3.4  Stg
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                        MUD LUBE
BIT TO BEND FIXED                             66.6 "
BIT TO BEND ADJUSTABLE                80.2 "
MAX W.O.B.                                      140,000 lb.
O/A LENGTH                                         443.5 "
MAX. OVERPULL AND RERUN      140,000 lb.
ABSOLUTE OVERPULL                  1,200,000 lb.
TOOL SHIPPING WEIGHT                  4521 lb.

                   SEALED BEARING
BIT TO BEND FIXED                              76.5"
BIT TO BEND ADJUSTABLE                89.5"
MAX W.O.B.                                      210,000 lb.
O/A LENGTH                                         452.3"
MAX OVERPULL AND RERUN      679,000 lb.
ABSOLUTE OVERPULL                   990,000 lb.
TOOL SHIPPING WEIGHT                 4668 lb. 
                       
HOLE SIZE                                       9 7/8 - 12 1/4   
BIT BOX CONN.                                6 5/8 REG.
ADJUSTABLE TORQUE                 40,000 ft-lb
REVOLUTIONS/GALLON                     .09

DIFF. PRES. STANDARD                   510 psi

DIFFERENTIAL PRESSURE  P.S.I.

Volume (gpm)
Speed (rpm)

Torque at full load (ft-lb)
Output at full load (hp)

400-900
30-150
21,450
306.3
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Alternate Stator Tube OD Available: 7-3/4 in (197 mm)
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 Mud Lube 8" 7-8 Lobe 3.4 stage 

Adjustable Bend 
Setting Slick Hole Size Single Stabilizer

Hole Size
Deg 9-7/8 10-5/8 12-1/4 9-7/8 10-5/8 12-1/4

0.39° 1.3 1.1 1.1 2.2 2.5 3.0
0.78° 2.2 2.2 2.2 4.1 4.3 4.9
1.15° 4.2 3.3 3.1 6.0 6.2 6.7
1.50° 6.2 4.9 4.1 7.7 7.9 8.3
1.83° 8.0 6.7 5.0 9.3 9.5 10.0
2.12° 9.6 8.3 5.9 10.8 10.9 11.4
2.38° 11.2 9.9 7.0 12.1 12.2 12.6
2.60° 12.4 11.1 8.2 13.2 13.3 13.7
2.77° 13.3 12.0 9.2 14.1 14.2 14.5
2.89° 14.1 12.7 9.9 14.6 14.7 15.1
2.97° 14.5 13.1 10.3 15.1 15.2 15.5
3.00° 14.6 13.3 10.4 15.2 15.3 15.6

Fixed Bend Setting Slick Hole Size Single Stabilizer
Hole Size

Deg 9-7/8 10-5/8 12-1/4 9-7/8 10-5/8 12-1/4
1.50° 7.4 5.9 5.0 9.3 9.5 10.1
1.75° 9.7 8.1 6.0 11.2 11.5 12.0
2.00° 11.6 10.1 7.1 13.1 13.2 13.7

2 .25° 12.5 11.0 7.7 13.8 14.0 14.4
2.50° 14.9 13.3 9.9 15.9 16.1 16.5
2.75° 16.1 14.5 11.1 17.0 17.1 17.5
3.00° 17.6 16.1 12.5 18.3 18.4 18.8
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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 Sealed 8" 7-8 Lobe 3.4 stage 

Adjustable Bend Setting Slick Hole Size Single Stabilizer
Hole Size

Deg 9-7/8 10-5/8 12-1/4 9-7/8 10-5/8 12-1/4
0.39° 1.2 1.0 1.0 1.9 2.2 2.7
0.78° 1.9 1.9 1.9 3.7 3.9 4.4
1.15° 3.8 2.9 2.8 5.3 5.5 6.0
1.50° 5.5 4.4 3.7 6.9 7.1 7.5
1.83° 7.2 6.0 4.5 8.4 8.6 8.9
2.12° 8.7 7.5 5.2 9.7 9.8 10.2

**2 .25° 9.3 8.2 5.7 10.3 10.4 10.7
2.38° 10.0 8.8 6.3 10.9 11.0 11.3
2.60° 11.1 9.9 7.4 11.9 12.0 12.2
2.77° 12.0 10.8 8.3 12.6 12.7 13.0
2.89° 12.6 11.4 8.8 13.1 13.2 13.5
2.97° 13.0 11.8 9.2 13.5 13.6 13.9
3.00° 13.1 12.0 9.3 13.6 13.7 14.0

Fixed Bend Setting Slick Hole Size Single Stabilizer
Hole Size

Deg 9-7/8 10-5/8 12-1/4 9-7/8 10-5/8 12-1/4
1.50° 6.5 5.1 4.3 8.1 8.3 8.8
1.75° 8.4 7.0 5.2 9.8 10.0 10.5
2.00° 10.1 8.8 6.1 11.4 11.5 11.9

2 .25° 10.9 9.6 6.7 12.1 12.2 12.5
2.50° 13.0 11.6 8.6 13.9 14.0 14.3
2.75° 14.0 12.6 9.7 14.8 14.9 15.2
3.00° 15.3 14.0 10.9 15.9 16.0 16.4
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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                        MUD LUBE
BIT TO BEND FIXED                            66.6 "
BIT TO BEND ADJUSTABLE                 80.2 "
MAX W.O.B.                                 140,000 lb.
O/A LENGTH                                     346.7 "
MAX. OVERPULL AND RERUN      140,000 lb.
ABSOLUTE OVERPULL                 1,200,000 lb.
TOOL SHIPPING WEIGHT                3725 lb.

                   SEALED BEARING
BIT TO BEND FIXED                             76.5"
BIT TO BEND ADJUSTABLE                  89.5"
MAX W.O.B.                                  210,000 lb.
O/A LENGTH                                     355.5"
MAX OVERPULL AND RERUN       679,000 lb.
ABSOLUTE OVERPULL                   990,000 lb.
TOOL SHIPPING WEIGHT                3872 lb. 
                       
HOLE SIZE                                    9 7/8 - 12 1/4   
BIT BOX CONN.                             6 5/8 REG.
ADJUSTABLE TORQUE                  40,000 ft-lb
REVOLUTIONS/GALLON                  .17

DIFF. PRES. STANDARD                   600 psi
DIFF. PRES. HARD RUBBER              900 psi

DIFFERENTIAL PRESSURE  P.S.I

 VOLUME gpm R.P.M. TORQUE ft-lb POWER (hp)
 400 45 - 66 9950 85.3
 650  87 - 108 9000 149.1
 1900 129 - 150 7650 187.9

DIFFERENTIAL PRESSURE  P.S.I

 VOLUME gpm R.P.M. TORQUE ft-lb POWER (hp)
 400 45 - 66 14,930 127.9
 650 87 - 108 13,750 227.8
 900 129 - 150 12,250 300.9

Alternate Stator Tube OD Available: 7-3/4 in (197 mm)
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 Mud Lube 8" 7-8 Lobe 4.0 stage 

Bend Setting Slick Hole Size Single Stabilizer
Hole Size

Deg 9-7/8 10-5/8 12-1/4 9-7/8 10-5/8 12-1/4
0.39° 1.2 1.2 1.2 2.6 2.9 3.6
0.78° 2.5 2.4 2.4 4.8 5.0 5.6
1.15° 4.8 3.6 3.5 6.7 7.0 7.6
1.50° 7.0 5.5 4.6 8.7 8.9 9.4
1.83° 9.1 7.6 5.5 10.4 10.6 11.2
2.12° 10.8 9.4 6.4 11.9 12.2 12.7
2.38° 12.5 11.1 7.9 13.3 13.6 14.0
2.60° 13.9 12.4 9.2 14.5 14.7 15.2
2.77° 15.0 13.4 10.3 15.5 15.7 16.0
2.89° 15.7 14.2 11.1 16.2 16.4 16.7
2.97° 16.2 14.6 11.5 16.2 16.8 17.1
3.00° 16.4 14.9 11.7 16.4 16.9 17.2

Fixed Bend Setting Slick Hole Size Single Stabilizer
Hole Size

Deg 9-7/8 10-5/8 12-1/4 9-7/8 10-5/8 12-1/4
1.50° 8.5 6.7 5.5 10.4 10.7 11.4
1.75° 11.0 9.1 6.7 12.5 12.8 13.5
2.00° 13.1 11.4 7.7 14.4 14.8 15.3
2.25° 14.1 12.3 8.6 15.3 15.5 16.1
2.50° 16.7 14.9 11.1 17.5 17.8 18.3
2.75° 18.0 16.2 12.4 18.7 18.9 19.3
3.00° 19.7 17.9 14.1 19.7 20.4 20.8
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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 Sealed 8" 7-8 Lobe 4.0 stage 

Bend Setting Slick Hole Size Single Stabilizer
Hole Size

Deg 9-7/8 10-5/8 12-1/4 9-7/8 10-5/8 12-1/4
0.39° 1.1 1.1 1.1 2.3 2.6 3.2
0.78° 2.2 2.1 2.1 4.3 4.5 5.1
1.15° 4.3 3.2 3.1 6.0 6.3 6.8
1.50° 6.3 5.0 4.1 7.8 8.0 8.5
1.83° 8.2 6.8 5.0 9.3 9.5 10.0
2.12° 9.7 8.5 5.7 10.7 11.0 11.4

**2.25° 10.5 9.1 6.4 11.4 11.6 12.0
2.38° 11.2 9.9 7.1 12.0 12.2 12.5
2.60° 12.4 11.1 8.3 13.0 13.2 13.6
2.77° 13.4 12.1 9.2 13.9 14.1 14.4
2.89° 14.1 12.7 9.9 14.5 14.7 15.0
2.97° 14.5 13.1 10.3 14.5 15.1 15.4
3.00° 14.7 13.3 10.5 14.7 15.2 15.5

Fixed Bend Setting Slick Hole Size Single Stabilizer
Hole Size

Deg 9-7/8 10-5/8 12-1/4 9-7/8 10-5/8 12-1/4
1.50° 7.4 5.8 4.8 9.1 9.3 9.9
1.75° 9.6 8.0 5.8 10.9 11.1 11.7
2.00° 11.4 9.9 6.7 12.5 12.8 13.3
2.25° 12.3 10.7 7.5 13.3 13.5 14.0
2.50° 14.6 13.0 9.7 15.2 15.5 15.9
2.75° 15.7 14.1 10.8 16.3 16.5 16.8
3.00° 17.2 15.6 12.3 17.2 17.7 18.1
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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8"   7 - 8   5.9  Stg

                        MUD LUBE
BIT TO BEND FIXED                            66.6 "
BIT TO BEND ADJUSTABLE                 80.2 "
MAX W.O.B.                                 140,000 lb.
O/A LENGTH                                     346.7 "
MAX. OVERPULL AND RERUN      140,000 lb.
ABSOLUTE OVERPULL                 1,200,000 lb.
TOOL SHIPPING WEIGHT                3725 lb.

                   SEALED BEARING
BIT TO BEND FIXED                             76.5"
BIT TO BEND ADJUSTABLE                  89.5"
MAX W.O.B.                                  210,000 lb.
O/A LENGTH                                     355.5"
MAX OVERPULL AND RERUN       679,000 lb.
ABSOLUTE OVERPULL                   990,000 lb.
TOOL SHIPPING WEIGHT                3872 lb. 
                       
HOLE SIZE                                    9 7/8 - 12 1/4   
BIT BOX CONN.                             6 5/8 REG.
ADJUSTABLE TORQUE                  40,000 ft-lb
REVOLUTIONS/GALLON                  .155

DIFF. PRES. STANDARD                   600 psi
DIFF. PRES. HARD RUBBER              900 psi

NB R NB R -HP X /HP W Torque
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1620

3245

4865

6490

8115

9735

11360

12980

14605

16230

17850

19475

21095

22720

24345

400 G P M

650 G P M

900 G P M

Max ps i

Flow Range 400 - 900 GPM

Speed Range 60 - 140 RPM

Torque Slope 15.77 ft-lb./psi

Rotation 0.155 rev/gal

Off Bottom Pressure 120 psi

Performance Specifications Performance Details

Max Diff. Press. 890 psi 1390 psi

Stall Diff. Press. 1330 psi 2190 psi

Max Torque 13960 ft-lb. 21870 ft-lb.

Stall Torque 20940 ft-lb. 34440 ft-lb.

NBR NBR-HPX/HPW
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 Mud Lube 8" 7-8 Lobe 5.9 stage 

Bend Setting Slick Hole Size Single Stabilizer
Hole Size

Deg 9-7/8 10-5/8 12-1/4 9-7/8 10-5/8 12-1/4
0.39° 1.2 1.2 1.2 2.6 2.9 3.6
0.78° 2.5 2.4 2.4 4.8 5.0 5.6
1.15° 4.8 3.6 3.5 6.7 7.0 7.6
1.50° 7.0 5.5 4.6 8.7 8.9 9.4
1.83° 9.1 7.6 5.5 10.4 10.6 11.2
2.12° 10.8 9.4 6.4 11.9 12.2 12.7
2.38° 12.5 11.1 7.9 13.3 13.6 14.0
2.60° 13.9 12.4 9.2 14.5 14.7 15.2
2.77° 15.0 13.4 10.3 15.5 15.7 16.0
2.89° 15.7 14.2 11.1 16.2 16.4 16.7
2.97° 16.2 14.6 11.5 16.2 16.8 17.1
3.00° 16.4 14.9 11.7 16.4 16.9 17.2

Fixed Bend Setting Slick Hole Size Single Stabilizer
Hole Size

Deg 9-7/8 10-5/8 12-1/4 9-7/8 10-5/8 12-1/4
1.50° 8.5 6.7 5.5 10.4 10.7 11.4
1.75° 11.0 9.1 6.7 12.5 12.8 13.5
2.00° 13.1 11.4 7.7 14.4 14.8 15.3
2.25° 14.1 12.3 8.6 15.3 15.5 16.1
2.50° 16.7 14.9 11.1 17.5 17.8 18.3
2.75° 18.0 16.2 12.4 18.7 18.9 19.3
3.00° 19.7 17.9 14.1 19.7 20.4 20.8
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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 Sealed 8" 7-8 Lobe 5.9 stage 

Bend Setting Slick Hole Size Single Stabilizer
Hole Size

Deg 9-7/8 10-5/8 12-1/4 9-7/8 10-5/8 12-1/4
0.39° 1.1 1.1 1.1 2.3 2.6 3.2
0.78° 2.2 2.1 2.1 4.3 4.5 5.1
1.15° 4.3 3.2 3.1 6.0 6.3 6.8
1.50° 6.3 5.0 4.1 7.8 8.0 8.5
1.83° 8.2 6.8 5.0 9.3 9.5 10.0
2.12° 9.7 8.5 5.7 10.7 11.0 11.4

**2.25° 10.5 9.1 6.4 11.4 11.6 12.0
2.38° 11.2 9.9 7.1 12.0 12.2 12.5
2.60° 12.4 11.1 8.3 13.0 13.2 13.6
2.77° 13.4 12.1 9.2 13.9 14.1 14.4
2.89° 14.1 12.7 9.9 14.5 14.7 15.0
2.97° 14.5 13.1 10.3 14.5 15.1 15.4
3.00° 14.7 13.3 10.5 14.7 15.2 15.5

Fixed Bend Setting Slick Hole Size Single Stabilizer
Hole Size

Deg 9-7/8 10-5/8 12-1/4 9-7/8 10-5/8 12-1/4
1.50° 7.4 5.8 4.8 9.1 9.3 9.9
1.75° 9.6 8.0 5.8 10.9 11.1 11.7
2.00° 11.4 9.9 6.7 12.5 12.8 13.3
2.25° 12.3 10.7 7.5 13.3 13.5 14.0
2.50° 14.6 13.0 9.7 15.2 15.5 15.9
2.75° 15.7 14.1 10.8 16.3 16.5 16.8
3.00° 17.2 15.6 12.3 17.2 17.7 18.1
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 



173

R
.P

.M
.

T
O

R
Q

U
E

  F
T

 -
 L

B

600040

90
0

12
00

12,000

18,000

24,000

80

160

120

1000 G.P.M.

1300 G.P.M.

700 G.P.M.

STANDARD RUBBER
9 5/8"   5 - 6   5  Stg

30
0

60
0

R
.P

.M
.

T
O

R
Q

U
E

  F
T

 -
 L

B

600040

90
0

12
00

12,000

18,000

24,000

80

160

120

1000 G.P.M.

1300 G.P.M.

700 G.P.M.

30
0

60
0

HARD RUBBER

                        MUD LUBE
BIT TO BEND FIXED                              78.1 "
BIT TO BEND ADJUSTABLE                 92.7 "
MAX W.O.B.                                        165,000 lb.
O/A LENGTH                                          390.9 "
MAX. OVERPULL AND RERUN      165,000 lb.
ABSOLUTE OVERPULL                   1,250,000 lb.
TOOL SHIPPING WEIGHT                 6500 lb.

                   SEALED BEARING
BIT TO BEND FIXED                              78.6 "                               
BIT TO BEND ADJUSTABLE                 93.0 "                    
MAX W.O.B.                                       165,000 lb.                                
O/A LENGTH                                          390.9 "                                   
MAX OVERPULL AND RERUN      165,000 lb.       
ABSOLUTE OVERPULL                  1,250,000 lb.                   
TOOL SHIPPING WEIGHT                  6500 lb.                 
                       
HOLE SIZE                                       12 1/4- 17 1/2   
BIT BOX CONN.                                7 5/8 REG.
ADJUSTABLE TORQUE                  65,000 ft-lb
REVOLUTIONS/GALLON                     .14

DIFF. PRES. STANDARD                   750 psi
DIFF. PRES. HARD RUBBER             1130 psi

DIFFERENTIAL PRESSURE  P.S.I

 VOLUME gpm R.P.M. TORQUE ft-lb POWER (hp)
 700 60 - 96 16,120 184.2
 1000 102 -138 15,110 293.5
 1300 144 - 180 13,120 359.8

DIFFERENTIAL PRESSURE  P.S.I

 VOLUME gpm R.P.M. TORQUE ft-lb POWER (hp)
 700 60 - 96 24,170 276.1
 1000 102 - 138 22,900 444.7
 1300 144 - 180 21,170 580.4
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Mud Lube 9-5/8" 5-6 Lobe 5.0 stage 

Adjustable Bend 
Setting Slick Hole Size Single Stabilizer

Hole Size
Deg 12-1/4 14-3/4 17-1/2 12-1/4 14-3/4 17-1/2

0.39° 1.1 1.0 1.0 2.3 3.0 3.6
0.78° 2.0 1.9 1.9 4.0 4.7 5.3
1.15° 3.1 3.5 2.7 5.7 6.3 6.9
1.50° 4.9 3.7 3.6 7.3 7.8 8.4
1.83° 6.6 4.5 4.4 8.8 9.3 9.7
2.12° 8.0 5.3 5.1 10.0 10.6 11.0
2.38° 9.4 5.9 5.7 11.2 11.6 12.0
2.60° 10.6 7.1 6.2 12.3 12.6 13.0
2.77° 11.4 7.9 6.7 13.0 13.4 13.7
2.89° 12.0 8.5 7.0 13.5 13.8 14.2
2.97° 12.5 8.9 7.1 13.8 14.3 14.6
3.00° 12.6 9.1 7.2 14.1 14.4 14.7

Fixed Bend Setting Slick Hole Size Single Stabilizer
Hole Size

Deg 12-1/4 14-3/4 17-1/2 12-1/4 14-3/4 17-1/2
1.50° 5.8 4.4 4.3 8.7 9.3 9.9
1.75° 7.8 5.4 5.3 10.4 11.0 11.5
2.00° 9.5 6.3 6.0 11.9 12.5 13.0

2 .25° 10.4 6.6 6.4 12.7 13.2 13.7
2.50° 12.5 8.4 7.4 14.5 14.9 15.4
2.75° 13.5 9.4 7.9 15.4 15.9 16.3
3.00° 14.9 10.8 8.5 16.7 17.1 17.4
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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Sealed 9-5/8" 5-6 Lobe 5.0 stage 

Adjustable Bend 
Setting Slick Hole Size Single Stabilizer

Hole Size
Deg 12-1/4 14-3/4 17-1/2 12-1/4 14-3/4 17-1/2

0.39° 1.1 1.0 1.0 2.3 3.0 3.6
0.78° 2.0 1.9 1.9 4.0 4.7 5.3
1.15° 3.1 3.5 2.7 5.7 6.3 6.9
1.50° 4.9 3.7 3.6 7.3 7.8 8.4
1.83° 6.6 4.5 4.4 8.8 9.3 9.7
2.12° 8.0 5.3 5.1 10.0 10.6 11.0
2.38° 9.4 5.9 5.7 11.2 11.6 12.0
2.60° 10.6 7.1 6.2 12.3 12.6 13.0
2.77° 11.4 7.9 6.7 13.0 13.4 13.7
2.89° 12.0 8.5 7.0 13.5 13.8 14.2
2.97° 12.5 8.9 7.1 13.8 14.3 14.6
3.00° 12.6 9.1 7.2 14.1 14.4 14.7

Fixed Bend Setting Slick Hole Size Single Stabilizer
Hole Size

Deg 12-1/4 14-3/4 17-1/2 12-1/4 14-3/4 17-1/2
1.50° 5.8 4.4 4.3 8.7 9.3 9.9
1.75° 7.8 5.4 5.3 10.4 11.0 11.5
2.00° 9.5 6.3 6.0 11.9 12.5 13.0

2 .25° 10.4 6.6 6.4 12.7 13.2 13.7
2.50° 12.5 8.4 7.4 14.5 14.9 15.4
2.75° 13.5 9.4 7.9 15.4 15.9 16.3
3.00° 14.9 10.8 8.5 16.7 17.1 17.4
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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9 5/8"   7 - 8   5.7  Stg

                       MUD LUBE
BIT TO BEND FIXED                              78.1 "
BIT TO BEND ADJUSTABLE                 92.7 "
MAX W.O.B.                                        165,000 lb.
O/A LENGTH                                          390.9 "
MAX. OVERPULL AND RERUN      165,000 lb.
ABSOLUTE OVERPULL                   1,250,000 lb.
TOOL SHIPPING WEIGHT                 6500 lb.

                  SEALED BEARING

MAX OVERPULL AND RERUN      165,000 lb.       

                      
HOLE SIZE                                       12 1/4- 17 1/2   
BIT BOX CONN.                                7 5/8 REG.
ADJUSTABLE TORQUE                  65,000 ft-lb
REVOLUTIONS/GALLON                     .126

NB R NB R -HP X /HP W Torque
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1800

3600

5400

7200

9000

10800

12600

14400

16200

18000

19800

21600

23400

25200

27000

28800

600 G P M

900 G P M

1200 G P M

Max ps i

Flow Range 600 - 1200 GPM

Speed Range 80 - 150 RPM

Torque Slope 19.35 ft-lb./psi

Rotation 0.126 rev/gal

Off Bottom Pressure 140 psi

Performance Specifications Performance Details

Max Diff. Press. 860 psi 1340 psi

Stall Diff. Press. 1290 psi 2110 psi

Max Torque 16550 ft-lb. 25920 ft-lb.

Stall Torque 24820 ft-lb. 40830 ft-lb.

NBR NBR-HPX/HPW
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Mud Lube 9-5/8" 7-8 Lobe 5.7 stage 

Adjustable Bend 
Setting Slick Hole Size Single Stabilizer

Hole Size
Deg 12-1/4 14-3/4 17-1/2 12-1/4 14-3/4 17-1/2

0.39° 1.1 1.0 1.0 2.3 3.0 3.6
0.78° 2.0 1.9 1.9 4.0 4.7 5.3
1.15° 3.1 3.5 2.7 5.7 6.3 6.9
1.50° 4.9 3.7 3.6 7.3 7.8 8.4
1.83° 6.6 4.5 4.4 8.8 9.3 9.7
2.12° 8.0 5.3 5.1 10.0 10.6 11.0
2.38° 9.4 5.9 5.7 11.2 11.6 12.0
2.60° 10.6 7.1 6.2 12.3 12.6 13.0
2.77° 11.4 7.9 6.7 13.0 13.4 13.7
2.89° 12.0 8.5 7.0 13.5 13.8 14.2
2.97° 12.5 8.9 7.1 13.8 14.3 14.6
3.00° 12.6 9.1 7.2 14.1 14.4 14.7

Fixed Bend Setting Slick Hole Size Single Stabilizer
Hole Size

Deg 12-1/4 14-3/4 17-1/2 12-1/4 14-3/4 17-1/2
1.50° 5.8 4.4 4.3 8.7 9.3 9.9
1.75° 7.8 5.4 5.3 10.4 11.0 11.5
2.00° 9.5 6.3 6.0 11.9 12.5 13.0

2 .25° 10.4 6.6 6.4 12.7 13.2 13.7
2.50° 12.5 8.4 7.4 14.5 14.9 15.4
2.75° 13.5 9.4 7.9 15.4 15.9 16.3
3.00° 14.9 10.8 8.5 16.7 17.1 17.4

9 
5/

8
” 

7-
8

 L
O

B
E

 5
.7

 S
TA

G
E

 B
U

IL
D

 R
A

TE
S

A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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Sealed 9-5/8" 7-8 Lobe 5.7 stage 

Adjustable Bend 
Setting Slick Hole Size Single Stabilizer

Hole Size
Deg 12-1/4 14-3/4 17-1/2 12-1/4 14-3/4 17-1/2

0.39° 1.1 1.0 1.0 2.3 3.0 3.6
0.78° 2.0 1.9 1.9 4.0 4.7 5.3
1.15° 3.1 3.5 2.7 5.7 6.3 6.9
1.50° 4.9 3.7 3.6 7.3 7.8 8.4
1.83° 6.6 4.5 4.4 8.8 9.3 9.7
2.12° 8.0 5.3 5.1 10.0 10.6 11.0
2.38° 9.4 5.9 5.7 11.2 11.6 12.0
2.60° 10.6 7.1 6.2 12.3 12.6 13.0
2.77° 11.4 7.9 6.7 13.0 13.4 13.7
2.89° 12.0 8.5 7.0 13.5 13.8 14.2
2.97° 12.5 8.9 7.1 13.8 14.3 14.6
3.00° 12.6 9.1 7.2 14.1 14.4 14.7

Fixed Bend Setting Slick Hole Size Single Stabilizer
Hole Size

Deg 12-1/4 14-3/4 17-1/2 12-1/4 14-3/4 17-1/2
1.50° 5.8 4.4 4.3 8.7 9.3 9.9
1.75° 7.8 5.4 5.3 10.4 11.0 11.5
2.00° 9.5 6.3 6.0 11.9 12.5 13.0

2 .25° 10.4 6.6 6.4 12.7 13.2 13.7
2.50° 12.5 8.4 7.4 14.5 14.9 15.4
2.75° 13.5 9.4 7.9 15.4 15.9 16.3
3.00° 14.9 10.8 8.5 16.7 17.1 17.4
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A three point geometrical model is used 
to determine a theoretical build  rate 
potential of a given motor. Many factors 
(e.g. weight on bit, formation type, bit 
type, etc. affect the actual build rate 
achieved. Therefore these build rates 
should only be used as a guideline. 
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HorsePower Where:

Velocity Where:

Q2W
10858 A2

Across Bit:
P=

Expected:
Px=

Hydrostatic:
P=

P=pressure (psi)
Q=flow rate (gpm)
W=fluid weight (ppg)
A=nozzle area (in2)
Px=expected pressure drop,

new mud (psi)
TVD=total vert. depth,( ft.)
Py=pressure drop,

original mud (psi)
Wx=original mudweight, (ppg)
Wy=new mud weight, (ppg)

PyWy
Wx

0,052(TVD)W

0.4085Q
D2 - D2

h     s

Annular:
V=

Jet:
V=

Pump:
AV=

V=velocity (ft/s)
Q=flow rate (gpm)
Dh=hole OD (in)
Ds=drillstring OD (in)
A=nozzle area (in2)
S=pump speed (spm)
AV=annular velocity,
(ft/min)
C=annular capacity,(gal/ft)
P=pump output,(gal/stroke)

0.3209Q
A

SP
C

Pressure Where:

Mechanical: HP =  

Hydraulic:   HP =

HP=horsepower (hp)
T=torque (ft-lb)
S=speed (rpm)
P=pressure drop (psi)
Q=flow rate (gpm)

PQ
1714

TS
5252

FO
R

M
U

LA
S



180

Buoyancy Where:

P=pressure (psi)
T=torque (ft-lb)
Q=flow rate (gpm)
S=speed (rpm)

BF=buoyancy factor
W=mud weight (ppg)% = 32.64TS

QP
BF=65.5-W

65.5

Motor Efficency Where:

Note: In order to calculate the correct drill collar string
weight, the buoyancy factor must be taken into account.
Using the table found on Section 12. 29 , take the mud
weight value you are using and insert it in the above 
formula. Multiply the resulting buoyancy factor to the
weight of the string in air. This will give you the weight of
the string in the mud you are using. 

FO
R

M
U

LA
S



181

Standard Equations:
SIN 0° = 0 COS 0° = 1
SIN 90° = 1 COS 90° = 0

360° CIRCUMFERENCE = 2p R
90° CIRCUMFERENCE = 2p R/4 = p R/2

Derivation:
IF BUR = 1°/100 ft. (30m)

THEN 0-90° = 9000 ft. (2700m) = p R/2
R = 9000 ft. (2700m) x 2/p = 5729.58 ft. (1718.87m)

TVD = 5730 ft. (1719m) (sin A2 - sin A1 )/BUR

HD = 5730 ft. (1719m) (cos A1 - cos A2)/BUR

(A1 = Initial Angle)
(A2 = Final Angle)

BUR = 5730 ft. (1719m)/R
MD = ∆Drift x 100 ft. (30m)/BUR

DLS (°/100 ft.) x 0.984 = DLS (°/30m)   

5730 ft. (1719m)
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Displacement Build Chart in Meters

Horizontal Displacement (meters)

)srete
m( htpe

D lacitre
V eurT

100
90

80
7060

50
40 deg / 30 m

30 deg / 30 m

25 deg / 30 m
22 deg / 30 m

20 deg / 30 m
18 deg / 30 m

16 deg / 30 m

40 80 120 0630230820420020610

0
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80
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200

240

280

320

360

14 deg / 30 m

12 deg / 30 m

10 deg / 30 m

9 deg / 30 m

8 deg / 30 m

7 deg / 30 m

6 deg / 30 m

5 deg / 30 m

Displacement Build Chart in Feet

Horizontal Displacement (feet)

)teef( htpe
D lacitreV eurT

0

100

200
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1100

1200
100 200 300 0021001100010090080070060050040

5 deg / 100 ft

14 deg / 100 ft

12 deg / 100 ft

10 deg / 100 ft

9 deg / 100 ft

8 deg / 100 ft

7 deg / 100 ft

6 deg / 100 ft

16 deg / 100 ft

22 deg / 100 ft

40 deg / 100 ft

18 deg / 100 ft

25 deg / 100 ft

20 deg / 100 ft

30 deg / 100 ft

100

70
90

60
80
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RADIUS OF CURVATURE
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FLUID BYPASS CALCULATION

Flow thru a jet @ Known psi
TFA =         Q2 x W

ΔP x 10858

Nozzle Size = 64      T F A
π

Q = gpm to be bypassed
ΔP = diff across DHM
W = Weight in ppg

TFA = Total Flow Area in in2
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ADJ Procedure

TOOL TORQUES 3 3/4  5600 Nm  4100 ft. - lb.

 5 16,250 Nm 12,000 ft. - lb.

 6 1/2 - 6 3/4 40,700 Nm 30,000 ft. - lb.

 8 54,000 Nm 40,000 ft. - lb.

 9 5/8 101,700 Nm 75,000 ft. - lb.

1

HOLD

BREAK

2 3 4 5

HOLD

6

MAKE

1. BREAK CONNECTION AS SHOWN
2. CHAIN TONG 3 - 4 TURNS, DO NOT USE ROTARY TABLE
3. RETRACT THE KICK RING
4. CHAIN TONG KICK RING, ALIGN WINDOWS FOR DESIRED SETTING
5. SLIDE KICK RING BACK TO ENGAGE KICK HOUSING, CHAIN TONG SNUG
6. TORQUE TO PROPER SETTING
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Tool Size Lower Outer
Brg Sleeve End Cap Mandrel to

Flow Diverter Body Conn. Thd. Prot.
Stab

Drive Shaft to
Flow Diverter

Lower/Upper
 Cap Adjustable Drive Shaft

to Rotor
Rotor Catch

Insert Rotor Catch

2-7/8" n/a 500 ft-lb 1000 ft-lb 2300 ft-lb n/a 800 ft-lb n/a n/a 800 ft-lb n/a 500 ft-lb

3-3/4" n/a 1000 ft-lb 1500 ft-lb 4000 ft-lb n/a 1200 ft-lb n/a n/a 1200 ft-lb n/a 800 ft-lb

4 3/4" 5000 ft-lb 5000 ft-lb 8000 ft-lb 10,000 ft-lb 8000 ft-lb 6500 ft-lb 1000 ft-lb 10,000 ft-lb 6500 ft-lb 7000 ft-lb 1000 ft-lb

5" 5000 ft-lb 7000 ft-lb 8000 ft-lb 12,000 ft-lb 8000 ft-lb 6500 ft-lb 1000 ft-lb 10,000 ft-lb 6500 ft-lb 7000 ft-lb 1000 ft-lb

6 1/2 - 6 3/4 10,000 ft-lb 12,000 ft-lb 18,000 ft-lb 22,000 ft-lb 12,000 ft-lb 16,000 ft-lb 2500 ft-lb 24,000 ft-lb 16,000 ft-lb 12,000 ft-lb 2100 ft-lb

8" 15,000 ft-lb 15,000 ft-lb 30,000 ft-lb 40,000 ft-lb 24,000 ft-lb 25,000 ft-lb 3000 ft-lb 40,000 ft-lb 25,000 ft-lb 20,000 ft-lb 3000 ft-lb

9 5/8" 25,000 ft-lb 35,000 ft-lb 50,000 ft-lb 75,000 ft-lb 30,000 ft-lb 45,000 ft-lb 5000 ft-lb 75,000 ft-lb 45,000 ft-lb 20,000 ft-lb 3000 ft-lb

Torque Specifications: Mud Lube 
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Torque Specifications: Oil Sealed 

Tool Size End Cap Mandrel to Allow Gap Wash/Drive Body Conn Thd. Prot. Drive Shaft Lower/Upper Adjustable Rotor Catch Rotor Tool Size End Cap Wash Pipe Allow. Gap Wash/Drive Body Conn. Stab to Rotor  Cap Adjustable Insert Catch

2 1/8" 500 ft-lb 400 ft-lb .015/.045 350 ft-lb 1200 ft-lb N/A 350 ft-lb 200 ft-lb N/A 200 ft-lb 200 ft-lb

2 7/8" 700 ft-lb 1700 ft-lb .015/.045 1500 ft-lb 2000 ft-lb N/A 1300 ft-lb 400 ft-lb 2000 ft-lb 500 ft-lb 500 ft-lb

3 1/8" 800 ft-lb 2000 ft-lb .015/.045 1800 ft-lb 3000 ft-lb N/A 1500 ft-lb 500 ft-lb 2500 ft-lb 500 ft-lb 500ft-lb

3 3/4" 2500 ft-lb 5000 ft-lb .025/.05 4000 ft-lb 7000 ft-lb 4000 ft-lb 3000 ft-lb 750 ft-lb 7000 ft-lb 2000 ft-lb 1500 ft-lb

4 3/4" 5000 ft-lb 9000 ft-lb .03/.06 7000 ft-lb 10,000 ft-lb 8000 ft-lb 5000 ft-lb 1000 ft-lb 10,000 ft-lb 7000 ft-lb 3000 ft-lb

5" 7000 ft-lb 10,000 ft-lb .03/.06 8000 ft-lb 12,000 ft-lb 8000 ft-lb 6000 ft-lb 1000 ft-lb 10,000 ft-lb 7000 ft-lb 3000 ft-lb

6 1/4" 10,000 ft-lb 15,000 ft-lb .06/.09 12,500 ft-lb 20,000 ft-lb 10,000 ft-lb 10,000 ft-lb 2500 ft-lb 20,000 ft-lb 10,000 ft-lb 4000 ft-lb

6 1/2" - 6 3/4" 12,000 ft-lb 18,000 ft-lb .06/.09 16,000 ft-lb 22,000 ft-lb 12,000 ft-lb 14,000 ft-lb 2500 ft-lb 22,000 ft-lb 12,000 ft-lb 4000 ft-lb

7 3/4" - 8" 15,000 ft-lb 22,000 ft-lb .06/.09 18,000 ft-lb 40,000 ft-lb 24,000 ft-lb 16,000 ft-lb 3000 ft-lb 35,000 ft-lb 20,000 ft-lb 5000 ft-lb

9 5/8" 25,000 ft-lb 50,000 ft-lb .06/.09 45,000 ft-lb 75,000 ft-lb 30,000 ft-lb 40,000 ft-lb 5000 ft-lb 75,000 ft-lb 20,000 ft-lb 5000 ft-lb
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Fishing Length Dimensions
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Fishing O.D. Dimensions
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OD Wt.  Wall       ID O  Drift   Bit    Bit      Clearance
eziSeziS)tf/bl(

6 5/8
17.0 0.245 6.135 7.390 6.010 6 6.000 0.010
20.0 0.288 6.049 7.390 5.924 5 7/8 5.875 0.049
24.0 0.352 5.921 7.390 5.796 5 3/4 5.750 0.046
28.0 0.417 5.791 7.390 5.666 5 5/8 5.625 0.041
32.0 0.475 5.675 7.390 5.550 5 3/8 5.375 0.175

7
17.0 0.231 6.538 7.656 6.413 6 3/8 6.375 0.038
20.0 0.272 6.456 7.656 6.331 6 1/4 6.250 0.081
23.0 0.317 6.366 7.656 6.241 6 1/8 6.125 0.116
26.0 0.362 6.276 7.656 6.151 6 1/8 6.125 0.026
29.0 0.408 6.184 7.656 6.059 6 6.000 0.059
32.0 0.453 6.094 7.656 5.969 5 7/8 5.875 0.094
35.0 0.498 6.004 7.656 5.879 5 7/8 5.875 0.004
38.0 0.540 5.920 7.656 5.795 5 3/4 5.750 0.045

7 5/8
20.0 0.250 7.125 8.500 7.000 6 3/4 6.750 0.250
24.0 0.300 7.025 8.500 6.900 6 3/4 6.750 0.150
26.4 0.328 6.969 8.500 6.844 6 3/4 6.750 0.094
29.7 0.375 6.875 8.500 6.750 6 3/4 6.750 0.000
33.7 0.430 6.765 8.500 6.640 6 5/8 6.625 0.015
39.0 0.500 6.625 8.500 6.500 6 3/8 6.375 0.125

OD Wt.  Wall       ID O  Drift   Bit    Bit      Clearance
eziSeziS)tf/bl(

4 ½
9.5 0.205 4.090 5.000 3.965 3 7/8 3.875 0.090
11.6 0.250 4.000 5.000 3.875 3 7/8 3.875 0.000
13.5 0.290 3.920 5.000 3.795 3 3/4 3.750 0.045
15.1 0.337 3.826 5.000 3.701 3 5/8 3.625 0.076

5
11.5 0.220 4.560 5.563 4.435 4 1/4 4.250 0.185
13.0 0.253 4.494 5.563 4.369 4 1/4 4.250 0.119
15.0 0.296 4.408 5.563 4.283 4 1/4 4.250 0.033
18.0 0.362 4.276 5.563 4.151 4 1/8 4.125 0.026

5 ½
13.0 0.228 5.044 6.050 4.919 4 3/4 4.750 0.169
14.0 0.244 5.012 6.050 4.887 4 3/4 4.750 0.137
15.5 0.275 4.950 6.050 4.825 4 3/4 4.750 0.075
17.0 0.304 4.892 6.050 4.767 4 3/4 4.750 0.017
20.0 0.361 4.778 6.050 4.653 4 5/8 4.625 0.028
23.0 0.415 4.670 6.050 4.545 4 1/2 4.500 0.045

6
15.0 0.238 5.524 6.625 5.399 5 3/8 5.375 0.024
18.0 0.288 5.425 6.625 5.299 5 1/8 5.125 0.174
20.0 0.324 5.352 6.625 5.227 5 1/8 5.125 0.102
23.0 0.380 5.240 6.625 5.115 4 7/8 4.875 0.240
26.0 0.434 5.132 6.625 5.007 4 7/8 4.875 0.132

Casing Dimensions and Bit Clearances
(dimensions in in. unless noted otherwise)
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eziSeziS)tf/bl(

11 3/4
38.00 0.300 11.150 12.750 10.994 10 5/8 10.625 0.369
42.00 0.333 11.084 12.750 10.928 10 5/8 10.625 0.303
47.00 0.375 11.000 12.750 10.844 10 5/8 10.625 0.219
54.00 0.435 10.880 12.750 10.724 10 5/8 10.625 0.099
60.00 0.489 10.772 12.750 10.616 9 7/8 9.875 0.741

13 3/8
48.00 0.330 12.715 14.375 12.559 12 1/4 12.250 0.309
54.50 0.380 12.615 14.375 12.459 12 1/4 12.250 0.209
61.00 0.430 12.515 14.375 12.359 12 1/4 12.250 0.109
68.00 0.480 12.415 14.375 12.259 12 1/4 12.250 0.009
72.00 0.514 12.374 14.375 12.191 10 10.000 2.191

16
55.00 0.312 15.375 17.000 15.188 15 15.000 0.188
65.00 0.375 15.250 17.000 15.062 15 15.000 0.062
75.00 0.438 15.125 17.000 14.938 14 3/4 14.750 0.188
84.00 0.495 15.010 17.000 14.823 14 3/4 14.750 0.073

20
94.00 0.438 19.124 21.000 18.936 17 1/2 17.500 1.436

eziSeziS)tf/bl(
8 5/8

24.0 0.264 8.097 9.625 7.972 7 7/8 7.875 0.097
28.0 0.304 8.017 9.625 7.892 7 7/8 7.875 0.017
32.0 0.352 7.921 9.625 7.796 7 3/4 7.750 0.046
36.0 0.400 7.825 9.625 7.700 7 5/8 7.625 0.075
40.0 0.450 7.725 9.625 7.600 7 3/8 7.375 0.225
44.0 0.500 7.625 9.625 7.500 7 3/8 7.375 0.125
49.0 0.557 7.511 9.625 7.386 7 3/8 7.375 0.011

9 5/8
29.3 0.281 9.063 10.625 8.907 8 3/4 8.750 0.157
32.3 0.312 9.001 10.625 8.845 8 3/4 8.750 0.095
36.0 0.352 8.921 10.625 8.765 8 3/4 8.750 0.015
40.0 0.395 8.835 10.625 8.697 8 5/8 8.625 0.072
43.5 0.435 8.755 10.625 8.599 8 1/2 8.500 0.099
47.0 0.472 8.681 10.625 8.525 8 1/2 8.500 0.025
53.5 0.545 8.535 10.625 8.379 8 3/8 8.375 0.004

10 3/4
32.75 0.279 10.192 11.750 10.036 9 7/8 9.875 0.161
40.50 0.350 10.050 11.750 9.894 9 7/8 9.875 0.019
45.50 0.400 9.950 11.750 9.794 9 3/4 9.750 0.044
51.00 0.450 9.850 11.750 9.694 9 5/8 9.625 0.069
55.50 0.495 9.760 11.750 9.604 9 9.000 0.604
60.70 0.545 9.660 11.750 9.504 9 9.000 0.504
65.70 0.595 9.560 11.750 9.404 9 9.000 0.404

Casing Dimensions and Bit Clearances
(dimensions in in. unless noted otherwise)

OD Wt.  Wall       ID O  Drift   Bit    Bit      Clearance OD Wt.  Wall       ID O  Drift      Bit    Bit      Clearance
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Common Name Size Equivalent Connection

Double Streamline (DSL) 3 1/2 2 7/8 extra hole
4 1/2 4 full hole; NC 40
5 1/2 4 1/2 internal flush

5 extra hole; NC 50

Numbered connection (NC) 26 2 3/8 internal flush
2 7/8 slimhole

31 2 7/8 internal flush
3 1/2 slimhole

38 3 1/2 internal flush
4 1/2 slimhole

40 4 full hole
4 1/2 double streamline

46 4 internal flush
4 1/2 extra hole

50 4 1/2 internal flush
5 extra hole
5 1/2 double streamline

External flush (EF) 4 1/2 4 slimhole
3 1/2 extra hole

Common Name Size Equivalent Connection

Internal flush (IF) 2 3/8 2 7/8 slimhole; NC 26
2 7/8 3 1/2 slimhole; NC 31
3 1/2 4 1/2 slimhole; NC 38
4 4 1/2 extra hole; NC 46

5 double streamline

Full hole (FH) 4 4 1/2 double streamline; NC 40

Extra hole (XH) (EH) 2 7/8 3 1/2 double streamline
3 1/2 4 slimhole

4 1/2 external flush
4 1/2 4 internal flush; NC 46
5 4 1/2 internal flush; NC 50

5 1/2 double streamline

Slimhole (SH) 2 7/8 2 3/8 internal flush; NC 26
3 1/2 2 7/8 internal flush; NC 31
4 3 1/2 extra hole

4 1/2 external flush
4 1/2 3 1/2 internal flush; NC 3

Shouldered Connection Equivalents
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Drill Collar O.D
1 1 1/4 1 1/2 1 3/4 2 2 1/4 2 1/2 2 13/16 3 3 1/4 3 1/2 3 3/4 4

2 7/8 19 18 16
3 21 20 18

3 1/8 22 22 20
3 1/4 26 24 22
3 1/2 30 29 27
3 3/4 35 33 32

4 40 39 37 35 32 29
4 1/8 43 41 39 37 35 32
4 1/4 46 44 42 40 38 35
4 1/2 51 50 48 46 43 41

44740525454/3 4
05356595165
75063656864/1 5

0646760737572/1 5
06467627578708284/3 5
86275797385888096

Collar Bore (in.) 

DRILL COLLAR WEIGHTS
(lb/ft.)
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Drill Collar O.D.
1 1 1/4 1 1/2 1 3/4 2 2 1/4 2 1/2 2 13/16 3 3 1/4 3 1/2 3 3/4 4

2767083888194969894/1 6
0858981969992015017012/1 6
9839890015018011114116114/3 6

4839893017010114117110217
393018012116119114217210314/1 7
2013117112216219213317319312/1 7
2113218212316319314417410514/3 7
2213318313417410514517510618
3314419414518510615618611714/1 8
0515510615619612716719712812/1 8
4719714818812915910023029
8916029022126120224227222/1 9
1126121225229222327320424/3 9
52203253293234264215245201
18268219259299220370301311
24374325375316346386317321

Collar Bore (in.) 

DRILL COLLAR WEIGHTS
(lb/ft.)
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Drillpipe ∅
(in)

Hole Size
(in)

Annular 
Capacity
(gal/ft)

5 12 1/4 5.10
9 7/8 2.96
8 3/4 2.10
8 1/2 1.93

4 1/2 12 1/4 5.30
9 7/8 3.15
8 1/2 2.12
7 7/8 1.70

3 1/2 6 3/4 1.36
6 1/2 1.22
6 1/8 1.04

2 7/8 4 3/4 0.58
4 1/2 0.49
4 1/8 0.36
3 7/8 0.27

ANNULAR CAPACITIES
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OD ft3/ft ft/ft3 bbl/ft ft/bbl gal/ft ft/gal
4 0.0873 11.4592 0.0155 64.3411 0.6528 1.5319
4 1/8 0.0928 10.7752 0.0165 60.5008 0.6942 1.4405
4 1/4 0.0985 10.1507 0.0175 56.9942 0.7369 1.357
4 3/8 0.1044 9.5789 0.0186 53.7839 0.7809 1.2806
4 1/2 0.1104 9.0541 0.0197 50.8374 0.8262 1.2104
4 5/8 0.1167 8.5713 0.0208 48.1266 0.8727 1.1459
4 3/4 0.1231 8.1262 0.0219 45.627 0.9205 1.0864
4 7/8 0.1296 7.7148 0.0231 43.3171 0.9696 1.0314

5 0.1364 7.3339 0.0243 41.1783 1.02 0.9804
5 1/8 0.1433 6.9805 0.0255 39.1941 1.0716 0.9332
5 1/4 0.1503 6.652 0.0268 37.35 1.1245 0.8893
5 3/8 0.1576 6.3462 0.0281 35.6329 1.1787 0.8484
5 1/2 0.165 6.061 0.0294 34.0317 1.2341 0.8103
5 5/8 0.1726 5.7947 0.0307 32.536 1.2909 0.7747
5 3/4 0.1803 5.5455 0.0321 31.1367 1.3489 0.7414
5 7/8 0.1883 5.312 0.0335 29.8259 1.4082 0.7101

6 0.1963 5.093 0.035 28.5961 1.4687 0.6809
6 1/8 0.2046 4.8872 0.0364 27.4408 1.5306 0.6534
6 1/4 0.2131 4.6937 0.0379 26.3541 1.5937 0.6275
6 3/8 0.2217 4.5114 0.0395 25.3308 1.6581 0.6031
6 1/2 0.2304 4.3396 0.041 24.3659 1.7237 0.5801
6 5/8 0.2394 4.1773 0.0426 23.4551 1.7907 0.5585
6 3/4 0.2485 4.0241 0.0443 22.5944 1.8589 0.538
6 7/8 0.2578 3.8791 0.0459 21.7803 1.9284 0.5186

OD ft3/ft ft/ft3 bbl/ft ft/bbl gal/ft ft/gal
1 0.0055 183.3465 0.001 1029.4581 0.0408 24.5109
1 1/8 0.0069 144.8664 0.0012 813.399 0.0516 19.3666
1 1/4 0.0085 117.3418 0.0015 658.8532 0.0637 15.687
1 3/8 0.0103 96.9767 0.0018 544.5068 0.0771 12.9644
1 1/2 0.0123 81.4873 0.0022 457.5369 0.0918 10.8937
1 5/8 0.0144 69.433 0.0026 389.854 0.1077 9.2822
1 3/4 0.0167 59.8682 0.003 336.1496 0.1249 8.0036
1 7/8 0.0192 52.1519 0.0034 292.8236 0.1434 6.972

2 0.0218 45.8366 0.0039 257.3645 0.1632 6.1277
2 1/8 0.0246 40.6027 0.0044 227.9769 0.1842 5.428
2 1/4 0.0276 36.2166 0.0049 203.3498 0.2065 4.8417
2 3/8 0.0308 32.5046 0.0055 182.5078 0.2301 4.3454
2 1/2 0.0341 29.3354 0.0061 164.7133 0.255 3.9217
2 5/8 0.0376 26.6081 0.0067 149.3998 0.2811 3.5571
2 3/4 0.0412 24.2442 0.0073 136.1267 0.3085 3.2411
2 7/8 0.0451 22.1818 0.008 124.5469 0.3372 2.9654

3 0.0491 20.3718 0.0087 114.3842 0.3672 2.7234
3 1/8 0.0533 18.7747 0.0095 105.4165 0.3984 2.5099
3 1/4 0.0576 17.3582 0.0103 97.4635 0.4309 2.3206
3 3/8 0.0621 16.0963 0.0111 90.3777 0.4647 2.1518
3 1/2 0.0668 14.9671 0.0119 84.0374 0.4998 2.0009
3 5/8 0.0717 13.9526 0.0128 78.3416 0.5361 1.8653
3 3/4 0.0767 13.038 0.0137 73.2059 0.5737 1.743
3 7/8 0.0819 12.2104 0.0146 68.5591 0.6126 1.6324

HOLE CAPACITIES
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10 0.5454 1.8335 0.0971 10.2946 4.0798 0.2451
10 1/8 0.5591 1.7885 0.0996 10.042 4.1824 0.2391
10 1/4 0.573 1.7451 0.1021 9.7985 4.2864 0.2333
10 3/8 0.5871 1.7033 0.1046 9.5638 4.3915 0.2277
10 1/2 0.6013 1.663 0.1071 9.3375 4.498 0.2223
10 5/8 0.6157 1.6241 0.1097 9.1191 4.6057 0.2171
10 3/4 0.6303 1.5866 0.1123 8.9082 4.7147 0.2121
10 7/8 0.645 1.5503 0.1149 8.7046 4.825 0.2073

11 0.66 1.5153 0.1175 8.5079 4.9366 0.2026
11 1/8 0.675 1.4814 0.1202 8.3178 5.0494 0.198
11 1/4 0.6903 1.4487 0.1229 8.134 5.1635 0.1937
11 3/8 0.7057 1.417 0.1257 7.9562 5.2789 0.1894
11 1/2 0.7213 1.3864 0.1285 7.7842 5.3956 0.1853
11 5/8 0.7371 1.3567 0.1313 7.6177 5.5135 0.1814
11 3/4 0.753 1.328 0.1341 7.4565 5.6327 0.1775
11 7/8 0.7691 1.3002 0.137 7.3003 5.7532 0.1738

12 0.7854 1.2732 0.1399 7.149 5.8749 0.1702
12 1/8 0.8018 1.2471 0.1428 7.0024 5.998 0.1667
12 1/4 0.8185 1.2218 0.1458 6.8602 6.1223 0.1633
12 3/8 0.8353 1.1972 0.1488 6.7223 6.2479 0.1601
12 1/2 0.8522 1.1734 0.1518 6.5885 6.3747 0.1569
12 5/8 0.8693 1.1503 0.1548 6.4587 6.5028 0.1538
12 3/4 0.8866 1.1279 0.1579 6.3327 6.6323 0.1508
12 7/8 0.9041 1.1061 0.161 6.2103 6.7629 0.1479

OD ft3/ft ft/ft3 bbl/ft ft/bbl gal/ft ft/gal
7 0.2673 3.7418 0.0476 21.0093 1.9991 0.5002
7 1/8 0.2769 3.6116 0.0493 20.2786 2.0711 0.4828
7 1/4 0.2867 3.4882 0.0511 19.5854 2.1445 0.4663
7 3/8 0.2967 3.3709 0.0528 18.9271 2.219 0.4506
7 1/2 0.3068 3.2595 0.0546 18.3015 2.2949 0.4357
7 5/8 0.3171 3.1535 0.0565 17.7063 2.372 0.4216
7 3/4 0.3276 3.0526 0.0583 17.1398 2.4504 0.4081
7 7/8 0.3382 2.9565 0.0602 16.6 2.5301 0.3952

8 0.3491 2.8648 0.0622 16.0853 2.6111 0.383
8 1/8 0.3601 2.7773 0.0641 15.5942 2.6933 0.3713
8 1/4 0.3712 2.6938 0.0661 15.1252 2.7768 0.3601
8 3/8 0.3826 2.614 0.0681 14.6771 2.8616 0.3495
8 1/2 0.3941 2.5377 0.0702 14.2486 2.9477 0.3393
8 5/8 0.4057 2.4646 0.0723 13.8385 3.035 0.3295
8 3/4 0.4176 2.3947 0.0744 13.446 3.1236 0.3201
8 7/8 0.4296 2.3277 0.0765 13.0699 3.2135 0.3112

9 0.4418 2.2635 0.0787 12.7094 3.3047 0.3026
9 1/8 0.4541 2.2019 0.0809 12.3635 3.3971 0.2944
9 1/4 0.4667 2.1428 0.0831 12.0317 3.4908 0.2865
9 3/8 0.4794 2.0861 0.0854 11.7129 3.5858 0.2789
9 1/2 0.4922 2.0315 0.0877 11.4067 3.682 0.2716
9 5/8 0.5053 1.9791 0.09 11.1124 3.7796 0.2646
9 3/4 0.5185 1.9287 0.0923 10.8293 3.8784 0.2578
9 7/8 0.5319 1.8802 0.0947 10.5569 3.9785 0.2514

HOLE CAPACITIES

OD ft3/ft ft/ft3 bbl/ft ft/bbl gal/ft ft/gal
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OD  
(in)  

 
ID 

(in)  

NOMINAL  
WEIGHT  

(lb/ft)  

STEEL  
DISPLACEMENT  

(gal/ft)  
CAPACITY  

(gal/ft)

2 3/8 1.815 6.65 0.10542 0.13440

2 7/8 2.151 10.40 0.16674 0.18858

3 1/2 2.764 13.30 0.21084 0.31164

3 1/2 2.602 15.50 0.24486 0.27636

4 3.340 14.00 0.23100 0.45528

4 1/2 3.826 16.60 0.27510 0.59724

4 1/2 3.640 20.00 0.32676 0.54054

5 4.276 19.50 0.31500 0.74592

5 4.000 25.60 0.39144 0.65268

DISPLACEMENT & CAPACITY
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Nominal
Size
(in.)

Pipe
ID

(in.)

Nominal
Weight
(lb./ft.)

Tool Joint
Connection

3 1/2 2.125 28.3 3 1/2 IF or NC 38

4 2.563 33.8 4 FH or NC 40

4 1/2 2.750 44.0 4 IF or NC 46

5 3.000 55.3 4 1/2 IF or NC 50

5 1/2 3.250 63.0 5 FH

6 5/8 5.000 57.0 6 5/8 FH

Nominal
Size
(in.)

Pipe
ID

(in.)

Nominal
Weight
(lb./ft.)

Tool Joint
Connection

3 1/2 2.063 25.3 3 1/2 IF or NC 38

4 2.563 29.7 4 FH or NC 40

4 1/2 2.750 39.9 4 IF or NC 46

5 3.000 48.5 4 1/2 IF or NC 50

STANDARD HEAVY-WALL
DRILLPIPE PROPERTIES

SPIRAL-WATERTM

DRILLPIPE PROPERTIES
 HEAVY-WALL
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Nozzle Size
(32nds) 1 2 3 4 5 6 7 8 9 10

7 .038 .076 .114 .152 .190 .228 .266 .304 .342 .380
8 .049 .098 .147 .196 .245 .294 .343 .392 .441 .490
9 .062 .124 .186 .248 .310 .372 .434 .496 .558 .620

10 .077 .154 .231 .308 .385 .462 .539 .616 .693 .770
11 .093 .186 .279 .372 .465 .558 .651 .744 .837 .930
12 .110 .220 .330 .440 .550 .660 .770 .880 .990 1.100
13 .130 .260 .390 .520 .650 .780 .910 1.040 1.170 1.300
14 .150 .300 .450 .600 .750 .900 1.050 1.200 1.350 1.500
15 .172 .344 .516 .688 .860 1.032 1.204 1.376 1.548 1.720
16 .196 .392 .588 .784 .980 1.176 1.372 1.568 1.764 -

NOZZLE FLOW AREAS
(IN2)
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Nozzle Size
(32nds) 1 2 3 4 5 6 7 8 9 10

17 .221 .442 .663 .884 1.105 1.326 1.547 1.768 - -
18 .249 .498 .747 .996 1.245 1.494 1.743 - - -
20 .307 .614 .921 1.228 1.535 - - - - -
22 .371 .742 1.113 1.484 - - - - - -
24 .441 .882 1.323 1.764 - - - - - -
26 .519 1.038 1.557 - - - - - - -
28 .601 1.202 - - - - - - - -
30 .690 1.380 - - - - - - - -
1” .785 1.570 - - - - - - - -

1 1/8” .994 - - - - - - - - -
1 1/4” 1.227 - - - - - - - - -

NOZZLE FLOW AREAS
(IN2)
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lb/gal lb/ft3 kg/m3 Specif ic 
Gravity

Gradient 
Depth 
(psi/ft)

Gradient 
Depth 

(kPa/m)

10.4 77.79 1246.1 1.25 0.541 12.2
10.5 78.53 1258.1 1.26 0.546 12.4
10.6 79.28 1270.1 1.27 0.551 12.5
10.7 80.03 1282.1 1.28 0.556 12.6
10.8 80.78 1294.1 1.29 0.562 12.7
10.9 81.53 1306 1.31 0.567 12.8
11 82.27 1318 1.32 0.572 12.9

11.1 83.02 1330 1.33 0.577 13.1
11.2 83.77 1342 1.34 0.582 13.2
11.3 84.52 1354 1.36 0.588 13.3
11.4 85.27 1366 1.37 0.593 13.4
11.5 86.01 1377.9 1.38 0.598 13.5
11.6 86.76 1389.9 1.39 0.603 13.6
11.7 87.51 1401.9 1.4 0.608 13.8
11.8 88.26 1413.9 1.41 0.614 13.9
11.9 89.01 1425.9 1.43 0.619 14
12 89.75 1437.8 1.44 0.624 14.1

12.1 90.5 1449.8 1.45 0.629 14.2
12.2 91.25 1461.8 1.46 0.634 14.4
12.3 92 1473.8 1.48 0.64 14.5

lb/gal lb/ft3 kg/m3 Specif ic 
Gravity

Gradient 
Depth 
(psi/ft)

Gradient 
Depth 

(kPa/m)

8.34 62.38 999.3 1 0.434 9.8
8.5 63.58 1018.5 1.02 0.442 10
8.6 64.32 1030.5 1.03 0.447 10.1
8.7 65.07 1042.4 1.04 0.452 10.2
8.8 65.82 1054.4 1.05 0.458 10.4
8.9 66.57 1066.4 1.07 0.463 10.5
9 67.31 1078.4 1.08 0.468 10.6

9.1 68.06 1090.4 1.09 0.473 10.7
9.2 68.81 1102.3 1.1 0.478 10.8
9.3 69.56 1114.3 1.12 0.484 10.9
9.4 70.31 1126.3 1.13 0.489 11.1
9.5 71.05 1138.3 1.14 0.494 11.2
9.6 71.8 1150.3 1.15 0.499 11.3
9.7 72.55 1162.3 1.16 0.504 11.4
9.8 73.3 1174.2 1.18 0.51 11.5
9.9 74.05 1186.2 1.19 0.515 11.6
10 74.79 1198.2 1.2 0.52 11.8

10.1 75.54 1210.2 1.21 0.525 11.9
10.2 76.29 1222.2 1.22 0.53 12
10.3 77.04 1234.2 1.24 0.536 12.1

Note: See Section 4.2 for buoyancy factor formula M
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lb/gal lb/ft3 kg/m3
Specific 
Gravity

Gradient 
Depth 
(psi/ft) 

Gradient 
Depth 

(kPa/m)
14.4 107.7 1725.4 1.73 0.749 16.9
14.5 108.45 1737.4 1.74 0.754 17.1
14.6 109.2 1749.4 1.75 0.759 17.2
14.7 109.95 1761.4 1.76 0.764 17.3
14.8 110.7 1773.3 1.78 0.77 17.4
14.9 111.44 1785.3 1.79 0.775 17.5
15 112.19 1797.3 1.8 0.78 17.6

15.1 112.94 1809.3 1.81 0.785 17.8
15.2 113.69 1821.3 1.82 0.79 17.9
15.3 114.44 1833.3 1.84 0.796 18
15.4 115.18 1845.2 1.85 0.801 18.1
15.5 115.93 1857.2 1.86 0.806 18.2
15.6 116.68 1869.2 1.87 0.811 18.3
15.7 117.43 1881.2 1.88 0.816 18.5
15.8 118.18 1893.2 1.9 0.822 18.6
15.9 118.92 1905.1 1.91 0.827 18.7
16 119.67 1917.1 1.92 0.832 18.8

16.1 120.42 1929.1 1.93 0.837 18.9
16.2 121.17 1941.1 1.94 0.842 19.1
16.3 121.91 1953.1 1.96 0.848 19.2

lb/gal lb/ft3 kg/m3
Specific 
Gravity

Gradient 
Depth 
(psi/ft) 

Gradient 
Depth 

(kPa/m)

12.4 92.74 1485.8 1.49 0.645 14.6
12.5 93.49 1497.8 1.5 0.65 14.7
12.6 94.24 1509.7 1.51 0.655 14.8
12.7 94.99 1521.7 1.52 0.66 14.9
12.8 95.74 1533.7 1.53 0.666 15.1
12.9 96.48 1545.7 1.55 0.671 15.2
13 97.23 1557.7 1.56 0.676 15.3

13.1 97.98 1569.6 1.57 0.681 15.4
13.2 98.73 1581.6 1.58 0.686 15.5
13.3 99.48 1593.6 1.6 0.692 15.6
13.4 100.22 1605.6 1.61 0.697 15.8
13.5 100.97 1617.6 1.62 0.702 15.9
13.6 101.72 1629.6 1.63 0.707 16
13.7 102.47 1641.5 1.64 0.712 16.1
13.8 103.22 1653.5 1.65 0.718 16.2
13.9 103.96 1665.5 1.67 0.723 16.4
14 104.71 1677.5 1.68 0.728 16.5

14.1 105.46 1689.5 1.69 0.733 16.6
14.2 106.21 1701.5 1.7 0.738 16.7
14.3 106.96 1713.4 1.72 0.744 16.8
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lb/gal lb/ft3 kg/m3
Specific 
Gravity

Gradient 
Depth 
(psi/ft) 

Gradient 
Depth 

(kPa/m)
18.3 136.87 2192.7 2.2 0.952 21.5
18.4 137.62 2204.7 2.21 0.957 21.6
18.5 138.37 2216.7 2.22 0.962 21.8
18.6 139.12 2228.7 2.23 0.967 21.9
18.7 139.87 2240.6 2.24 0.972 22
18.8 140.61 2252.6 2.26 0.978 22.1
18.9 141.36 2264.6 2.27 0.983 22.2
19 142.11 2276.6 2.28 0.988 22.3

19.1 142.86 2288.6 2.29 0.993 22.5
19.2 143.61 2300.6 2.3 0.998 22.6
19.3 144.35 2312.5 2.32 1.004 22.7
19.4 145.1 2324.5 2.33 1.009 22.8
19.5 145.85 2336.5 2.34 1.014 22.9
19.6 146.6 2348.5 2.35 1.019 23.1
19.7 147.34 2360.5 2.36 1.024 23.2
19.8 148.09 2372.4 2.38 1.03 23.3
19.9 148.84 2384.4 2.39 1.035 23.4
20 149.59 2396.4 2.4 1.04 23.5

lb/gal lb/ft3 kg/m3
Specific 
Gravity

Gradient 
Depth 
(psi/ft) 

Gradient 
Depth 

(kPa/m)
16.4 122.66 1965.1 1.97 0.853 19.3
16.5 123.41 1977 1.98 0.858 19.4
16.6 124.16 1989 2 0.863 19.5
16.7 124.91 2001 2.01 0.868 19.6
16.8 125.65 2013 2.02 0.874 19.8
16.9 126.4 2025 2.03 0.879 19.9
17 127.15 2036.9 2.04 0.884 20

17.1 127.9 2048.9 2.05 0.889 20.1
17.2 128.65 2060.9 2.06 0.894 20.2
17.3 129.39 2072.9 2.08 0.9 20.3
17.4 130.14 2084.9 2.09 0.905 20.5
17.5 130.89 2096.9 2.1 0.91 20.6
17.6 131.64 2108.8 2.11 0.915 20.7
17.7 132.39 2120.8 2.12 0.92 20.8
17.8 133.13 2132.8 2.14 0.926 20.9
17.9 133.88 2144.8 2.15 0.931 21.1
18 134.63 2156.8 2.16 0.936 21.2

18.1 135.38 2168.8 2.17 0.941 21.3
18.2 136.13 2180.7 2.18 0.946 21.4
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UNITS MULTIPLY BY TO OBTAIN

ac 43560 ft2

ac 4047 m2

ac 0.001562 mi2
atm 33.94 ft of water
atm 14.7 lb/in2

atm 1.013 x 105 pascals
atm 1.033 kg/cm2

bbl (British, dry) 5.78 ft3

bbl (British, dry) 0.1637 m3

bbl (British, dry) 36 gal (British)
bbl, cement 170.6 kg
bbl, cement 376 lb (cement)
bbl, oil 42 gal (U.S.)
bbl (U.S., liquid) 4.211 ft3

bbl (U.S., liquid) 0.1192 m3

bbl (U.S., liquid) 31.5 gal (U.S.)
bbl/min 42 gal/min
bbl/day 0.02917 gal/min
cm3 3.531 x 10-5 ft3

daN 2.2467 lbs

Multiplying 
Factor  

Pre�x Symbol 

1 000 000 = mega M
1 000 = 103 kilo k
100 = 10 2 hecto h
10 = 101 deca da
0.1 = 10-1 deci d
0.01 = 10-2 centi c

0.001 = 10-3 milli m
0.000 001 = micro μ

OILFIELD QUICK REFERENCE

1 Cubic Meter 1000 Liters
1 Cubic Meter 264.2 US Gallons
1 Cubic Meter 220 Imperial Gallons
1 Cubic Meter 6.28 US Barrels
1 Cubic Meter 5.0 Imperial Barrels
PSI x 6.89 = KPA
100 PSI X6.89 =6890 KPA

6
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UNITS MULTIPLY BY TO OBTAIN

ft/min 0.508 cm/s
ft/min 0.01667 ft/s
ft/min 0.01829 km/hr
ft/min 0.3048 m/min
ft/min 0.01136 mi/hr
ft-lb/min 0.01667 ft-lb/s
ft-lb/min 2.26 x 10-5 KW
ft-lb/s 1.356 x 10-3 KW
ft-lb/s 1.818 x 10-3 hp
g 0.001 kg 
gal (British) 1.20094 gal (U.S.)
gal 3785 cm3

gal 0.1337 ft3

gal 231 in3

gal 3.785 liters
gal/min 2.228 x 10-3 ft3/s
gal/min 3.785 liters/min
g-cm2 3.4172 x 10-4 lb-in2

hp 0.7457 kW
in 25.4 mm
in2 645.2 mm2

in2 6.452 cm2

UNITS MULTIPLY BY TO OBTAIN

deg (angle) 60 min
deg (angle) 0.01745 rad
deg (angle) 3600 s
deg/s 0.1667 rpm
deg/s 2.778 x 10-3 rev/s

ni21tf
ft 0.3048 m
ft 1.89394 x 10-4 mi
ft2 0.0929 m2

ft3 1728 in3

ft3 0.02832 m3

ft3 7.481 gal (U.S.)
ft3 28.32 liters
ft3 of water (60 deg. F) 62.37 lb
ft3/min 4.72 x 10-4 m3/s
ft3/min 0.1247 gal/s
ft3/min 0.472 liters/s
ft3/s 448.83 gal/min
ft3- atm 2116.3 ft-lb 
ft-lb 1.286 x 10-3 Btu
ft-lb 0.1383 Kg-m
ft-lb 1.355818 N-m
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UNITS MULTIPLY BY TO OBTAIN

lb/in2 6.894757 kPa
liter 0.03531 ft3

liter 0.001 m3

liter 0.2642 gal
liter 0.001 m3

liter 0.2642 gal
m 3.2808 ft
m2 10.764 ft2

m3 264.2 gal
m3/s 15850 gal/min
m3/s 60000 liters/min
mi 2 2.788 x 107 ft2

mi 2 2.59 km2

rad 57.3 deg
rad/s 0.1592 rev/s
rad/s 9.549 rpm
temp. (°C) 1.8 (°C)+32 temp. °F
temp. (°F) (°F - 32) 5/9 temp. °C
tons (metric) 1000 kg
watts 0.7376 ft-lb/s
watts 1.341 x 10-3 hp

tf3sdy
yds 0.9144 m

UNITS MULTIPLY BY TO OBTAIN

in2 6.944 x 10-3 ft2

in3 1.639 x 10
-5

m3

in3 5.787 x 10
-4

ft
3

in3 4.329 x 10-3 gal
in3 0.01639 liters
kg 2.2046 lb
kg-m 7.233 ft-lb
kg/m3 0.06243 lb/ft3

kg/m 0.672 lb/ft
kW 44250 ft-lb/min
kW-hr 2.655 x 106 ft-lb
lb 4.45 x 105 dynes
lb 4.448 newtons
lb 4.535 x 10-4 tons (metric)
lb/ft3 16.02 kg/m3

lb/ft3 5.787 x 10-4 lb/in3

lb/ft2 4.882 kg/m
2

lb/ft2 6.945 x 10-3 lb/in
2

lb/gal 7.48 lb/ft3

lb/gal .12 specific grav.
lb/gal .1198 g/cm3
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