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Throughout the world, two systems of measurement dominate: 
the English system and the metric system. Today, the United 

States is one of only a few countries that employ the English system.
The English system uses the pound as the unit of weight, the foot 

as the unit of length, and the gallon as the unit of capacity. In the 
English system, for example, 1 foot equals 12 inches, 1 yard equals 
36 inches, and 1 mile equals 5,280 feet or 1,760 yards.

The metric system uses the gram as the unit of weight, the metre 
as the unit of length, and the litre as the unit of capacity. In the metric 
system, 1 metre equals 10 decimetres, 100 centimetres, or 1,000 mil-
limetres. A kilometre equals 1,000 metres. The metric system, unlike 
the English system, uses a base of 10; thus, it is easy to convert from 
one unit to another. To convert from one unit to another in the English 
system, you must memorize or look up the values.

In the late 1970s, the Eleventh General Conference on Weights 
and Measures described and adopted the Système International (SI) 
d’Unités. Conference participants based the SI system on the metric 
system and designed it as an international standard of measurement.

The Rotary Drilling Series gives both English and SI units. And 
because the SI system employs the British spelling of many of the terms, 
the book follows those spelling rules as well. The unit of length, for 
example, is metre, not meter. (Note, however, that the unit of weight 
is gram, not gramme.)

To aid U.S. readers in making and understanding the conversion 
system, we include the table on the next page.

Units of Measurement
▼
▼
▼
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	 Quantity 		  Multiply 	 To Obtain 
	 or Property	 English Units	 English Units By	 These SI Units
	 Length, 	 inches (in.)	 25.4	 millimetres (mm)
	 depth, 		  2.54	 centimetres (cm)
	 or height	 feet (ft)	 0.3048	 metres (m)
		  yards (yd)	 0.9144	 metres (m)
		  miles (mi)	 1609.344	 metres (m)
			   1.61	 kilometres (km)
	 Hole and pipe diameters, bit size	 inches (in.)	 25.4	 millimetres (mm)
	 Drilling rate	 feet per hour (ft/h)	 0.3048	 metres per hour (m/h)
	 Weight on bit	 pounds (lb)	 0.445	 decanewtons (dN)	
	 Nozzle size	 32nds of an inch	 0.8	 millimetres (mm)	
		  barrels (bbl)	 0.159	 cubic metres (m3)
			   159	 litres (L)
		  gallons per stroke (gal/stroke)	 0.00379	 cubic metres per stroke (m3/stroke)
		  ounces (oz)	 29.57	 millilitres (mL)
	 Volume	 cubic inches (in.3)	 16.387	 cubic centimetres (cm3)
		  cubic feet (ft3)	 28.3169	 litres (L)
			   0.0283	 cubic metres (m3)	
		  quarts (qt)	 0.9464	 litres (L)
		  gallons (gal)	 3.7854	 litres (L)
		  gallons (gal)	 0.00379	 cubic metres (m3)
		  pounds per barrel (lb/bbl)	 2.895	 kilograms per cubic metre (kg/m3)
		  barrels per ton (bbl/tn)	 0.175	 cubic metres per tonne (m3/t)

		  gallons per minute (gpm)	 0.00379	 cubic metres per minute (m3/min)
	 Pump output 	 gallons per hour (gph)	 0.00379	 cubic metres per hour (m3/h)
	 and flow rate	 barrels per stroke (bbl/stroke)	 0.159	 cubic metres per stroke (m3/stroke)
		  barrels per minute (bbl/min)	 0.159	 cubic metres per minute (m3/min)

	 Pressure	 pounds per square inch (psi)	 6.895	 kilopascals (kPa)		
			   0.006895	 megapascals (MPa)

	 Temperature	  degrees Fahrenheit (°F)	     	 degrees Celsius (°C)

	 Mass (weight)	 ounces (oz)	 28.35	 grams (g)
		  pounds (lb)	 453.59	 grams (g)
			   0.4536	 kilograms (kg)
		  tons (tn) 	 0.9072	 tonnes (t)
		  pounds per foot (lb/ft)	 1.488	 kilograms per metre (kg/m)
	 Mud weight	 pounds per gallon (ppg)	 119.82	 kilograms per cubic metre (kg/m3)	
		  pounds per cubic foot (lb/ft3)	 16.0	 kilograms per cubic metre (kg/m3)
	 Pressure gradient	 pounds per square inch		   
		  per foot (psi/ft)	 22.621	 kilopascals per metre (kPa/m)
	 Funnel viscosity	 seconds per quart (s/qt)	 1.057	 seconds per litre (s/L)
	 Yield point	 pounds per 100 square feet (lb/100 ft2)	 0.48	 pascals (Pa)	
	 Gel strength	 pounds per 100 square feet (lb/100 ft2)	 0.48	 pascals (Pa)	
	 Filter cake thickness	 32nds of an inch	 0.8	 millimetres (mm)	
	 Power	 horsepower (hp)	 0.75	 kilowatts (kW)	

		  square inches (in.2)	 6.45	 square centimetres (cm2)
		  square feet (ft2)	 0.0929	 square metres (m2)
	 Area	 square yards (yd2)	 0.8361	 square metres (m2)
		  square miles (mi2)	 2.59	 square kilometres (km2)
		  acre (ac)	 0.40	 hectare (ha)	
	 Drilling line wear	 ton-miles (tn•mi)	 14.317	 megajoules (MJ)
			   1.459	 tonne-kilometres (t•km)
	 Torque	 foot-pounds (ft•lb)	 1.3558	 newton metres (N•m)

°F - 32  
1.8

English-Units-to-SI-Units Conversion Factors
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INTRODUCTION

▼
▼
▼

In this chapter:

•	 Problems of crooked holes

•	 Early wellbore survey tools

•	 Contract deviation clauses

•	 Directional equipment for vertical holes

Introduction

When rotary drilling first began, operators and drillers assumed 
that if they held the kelly vertical when starting the hole, the 

drill string and bit would drill a straight hole. During the two-year 
Seminole boom in Oklahoma that began in 1928, the industry began 
to suspect that this hypothesis was not true. On occasion, wellbores 
actually intersected. In addition, actual drilled depths did not corre-
spond to projected formation depths. Obviously, the Oklahoma rigs 
were drilling holes that deviated from vertical.

These crooked holes were not just a problem for geologists. For 
drilling personnel, a crooked hole required more footage compared 
to a straight hole (fig. 1). Consequently, the operator had to pay for 
the extra footage or extra rig time, depending on the type of drilling 
contract. Furthermore, contractors occasionally drilled into existing 
boreholes or producing wells on offset leases, creating serious health, 
environment, safety, and legal problems. Hole deviation became such 
an important consideration that operators began looking for ways to 
determine the amount of downhole deviation needed. 

Crooked holes cost more 
to drill and pose a risk of 
intersecting other wells 
underground.
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STRAIGHT HOLE CONSIDERATIONS

▼
▼
▼

Straight Hole 
Considerations

In this chapter:

•	 Definition of a straight hole

•	 Restricting the total hole angle

•	 About doglegs and keyseats

•	 Dogleg and keyseat problems

The term straight hole generally defines a borehole that a drilling 
contractor has drilled vertically from surface to Total Depth (TD). 

A straight hole does not have to be vertical but must not contain sig-
nificant curvature or angle changes. This means that most straight 
holes will be vertical, unless they are drilled with a slant rig. However, 
it is virtually impossible to drill a perfectly straight hole. Therefore, 
all wellbores will deviate from vertical to some extent. Vertical drill-
ing contracts recognize this fact and allow a variation from the strict 
specification. Therefore, straight hole drilling is best categorized as 
controlled deviation drilling, where the industry accepts a straight 
hole as one that meets two qualifications:

•	 The hole stays within the boundary of a cone, as designated 
by the operator in the deviation clause of the contract. The 
total hole angle is therefore restricted (fig. 10). 

•	 The hole does not change direction rapidly, usually no more 
than 3 degrees per 100 feet (30 metres) of hole. The rate of 
hole-angle change is therefore restricted.

 

 Staying within these allowable parameters, the contractor’s main 
objective is to deliver a straight and usable hole to the specified depth. 
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FACTORS AFFECTING HOLE DEVIATION

▼
▼
▼

Factors Affecting 
Hole Deviation

In this chapter:

•	 Deviation from vertical

•	 Formation effects

•	 Variation in formation drillability 

•	 Mechanical effects

•	 Bit selection

There are two factors that can cause a hole to deviate from the 
vertical—the formation being drilled and the equipment used to 

drill. Both of these conditions have specific effects on hole deviation.

Formation EffectsThe type of formation being drilled affects hole deviation. Two forma-
tion characteristics that affect the bit’s ability to drill a straight hole 
are formation dip and variation in the drillability of formations. In most 
cases, these characteristics are unknown and unwanted because they 
cause the bit to deviate from vertical, or walk. However, in developed 
oilfields, the walking behavior of the bit can be incorporated into the 
well design and the surface location appropriately shifted so the bit 
deflects and drills to the desired bottomhole location.
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METHODS OF CONTROLLING HOLE DEVIATION

In this chapter:

•	 Vertical starts

•	 Using the right bottomhole assembly

•	 Types of assemblies and designs

•	 Drilling parameters

▼
▼
▼

Methods of 
Controlling Hole 

Deviation

A	lthough crewmembers can sometimes correct a crooked hole, the 
 	operation is often expensive. They might have to plug back and 

re-drill a crooked portion of the hole to straighten it. Or, in extreme 
cases, they might have to skid the rig and start a new hole. The best 
approach to use when drilling in crooked-hole country is to employ 
preventive measures, such as:

•	 Drilling a shallow and vertical surface hole

•	 Obtaining an accurate geological prognosis

•	 Selecting the best drilling method for the area; for example, stan-
dard rotary, air rotary, air percussion, or downhole mud motor

•	 Using tools to monitor the well deviation while drilling; for 
example, MWD

•	 Using the optimum BHA, or switching out BHAs, as required 
while drilling 

•	 Reducing WOB and maximizing ROP as much as practical

When planning wells, it is important to consult bit records, devia-
tion surveys, drilling time charts, daily drilling reports (fig. 28), geological 
prognoses, and any other available information from nearby wells.

Plan the hole trajectory to 
avoid the costly and time-
consuming correction of a 
crooked hole.
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DRILL STEM TOOLS

▼
▼
▼

Drill Stem Tools

In this chapter:

•	 Standard drill collars

•	 Square and spiral drill collars

•	 Stabilizers

•	 Vibration dampeners

•	 Measurement-while-drilling tools

Operators use several drill stem tools to control deviation and 
drill straight holes. Such tools include: standard drill collars; 

heavy-walled and heavyweight drill pipe; square drill collars; spiral 
drill collars; stabilizers; vibration dampeners; and measurement-while-
drilling (MWD) tools.

Standard Drill 
Collars

Today, operators use long strings of drill collars virtually everywhere, 
even in soft formations (fig. 48). Drill collars supply weight to the bit 
for drilling and maintain weight to keep the drill string above from 
bending or buckling under its own weight (fig. 49). Drill collars also 
prevent high doglegs by adding stiffness to the BHA and by support-
ing and stabilizing the bit.

Drill Collar Size 
and Weight

Most collars are between 30 and 31 feet (9.14 to 9.45 metres) long; 
their weight varies considerably depending on the OD and ID (bore) of 
the drill collar. For example, one of the lightest collars has an OD of 
3 inches (76.2 millimetres) and weighs 640 pounds (290.3 kilograms). Petr
ole
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DEVIATION-RECORDING INSTRUMENTS

▼
▼
▼

Deviation-Recording 
Instruments

In this chapter:

•	 Measuring drift

•	 Measuring direction and angle

•	 How the go-devil works

•	 Running methods

•	 Types and usage of instruments 

Depending on the type of drilling contract between the contrac-
tor and the operating company, it might specify the maximum 

deviation a drilling contractor is allowed. The contract may also state 
how often a deviation survey is to be run. This frequency can vary in 
terms of footage (or metreage) drilled, from 15 to 500 feet (5 to 170 
metres), depending on the area to be drilled (see fig. 8). Intervals of 
100 to 250 feet (30 to 75 metres) are normal in areas where drilling 
is slow and few deviation problems occur. If deviation problems are 
expected, contractors might be required to run a survey more often 
or, for their own protection, they might decide to run a survey more 
often. Frequent surveys are desirable but they can also be risky, time-
consuming, and expensive. Many contractors own deviation-recording 
instruments, but the cost in downtime required to lower and retrieve 
the instruments can become excessive if too many surveys are run. 
Furthermore, whenever a survey is run, there is a risk of sticking the 
drill string or causing problems with the deviation tool.

Go-devil = device 
in which the survey 
instrument is run.
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INDEX

▼
▼
▼

Index

Throughout this index, f indicates a figure and t 
indicates a table on that page. 

abrasive formation, 37
acid bottle, 3–4, 3f
adjustable kickoff (AKO), 58, 58f
air percussion tools

hammer bits and, 29–30, 30f
shallow surface formations and, 36

AKO. See adjustable kickoff (AKO)
American Petroleum Institute (API), 16, 71
angle, change in, 11, 12, 12f
angle buildup, 74
angle-drop rates, 42, 43t
annular clearance, 48
API. See American Petroleum Institute (API)
Appalachian Basin, 31f, 35
Arkoma Basin, 31f, 35
azimuth

defined, 3, 95
readings, 65

baffle plate, 93f, 94–95, 94f
bedding planes, 24, 24f
BHA. See bottomhole assembly (BHA)
bit(s), 26f, 55f. See also weight on the bit (WOB)

cone offset and, 29, 29f
drift and, 9, 9f
dull or balled-up, 28, 28f
formation effects and, 23
hammer, 29, 29f, 31, 31f
OD and, 66
PDC, 29, 29f, 35
stabilized/unstabilized, 27, 27f
straighter holes and, 30
undergauge, 75, 84

bit balling, 28
bit cutters. See cutter(s)
bit records, 28–29
blowout(s), casings and, 20
bore(s)/boreholes. See also wellbore(s)

ideal, characteristics of, 12
OD/ID and, 61
tools and, 63

borehole survey(s), 6, 7
borehole surveying instruments. See wellbore survey tools

bottomhole assembly (BHA). See also packed-hole 
assembly; packed-pendulum assembly; pendulum assembly
changing, 53
configuration of, 9, 32
formation dip and, 53f
hole enlargement and, 49
MWD and, 99
pendulum effect and, 37
predicted performance of, 53f, 54f
stabilizers and, 79
types of, 37, 59

boxes, 65
box tool joint, 70f
break out, 67
buoyancy factor

drill collars and, 71
mud weights and, 72t

bushing, 83

California, 5, 5f, 6
casing(s)

doglegs and, 7
problems with, 20

casing shoe, 20
cement circulation, sub-optimal, 16, 20, 22
centralizers, 20
chalk, 25f
completion phase, 7
compressive strength of rocks, 25, 25f
cone, 11, 12, 12f
cone offset, 29, 29f
contract deviation clauses, 7–10, 8f
controlled deviation drilling, 11
controlling hole deviation

drilling reports and, 33, 34f
starting straight, 35–37

control wells, 31f
core barrel overshot, 93, 93f
corrosion, casing, 20
crooked hole(s)

about, 10
bits and, 28, 28f
cost and, 1
drill string and, 27, 27f
footage and, 1, 2f
large drill collars and, 67
PHAs for, 51f
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DRILLING A STRAIGHT HOLE

stabilizers and, 50
crossovers, 68, 69f
crow’s foot, 94
cutter(s)

for roller reamers, 84, 84f
vibration dampeners and, 52

daily drilling reports, 34, 34f
deflection, 24
derrick, drill pipe and, 26, 26f
derrick strength, 47
deviation, 1. See also drift

bottom of hole and, 9
drilling contracts and, 91

deviation clauses. See contract deviation clauses
deviation-recording instruments, 91–99. See also 

go-devil
about, 91–92, 99
pendulum effect and, 95
time required and, 92
types of, 95–99

deviation-recording tools. See wellbore survey tools
deviation surveys, 33
differential pressure, 56
differential sticking, 77–78, 77f
dip angle, 9
direction. See azimuth
directional drilling

drill string and, 2
most advanced system, 6
vertical trajectory and, 10

DLS. See dogleg severity (DLS)
dogleg(s)

casings and, 20
defined, 16, 21
fatigue damage and, 18
Grade-E drill pipe and, 18, 19, 19f
problems, 21–22
reduced WOB and, 7, 7f, 59
restricted rate of hole-angle change and, 15–16, 15f
restricted total hole angle and, 14, 14f
severe, 20
severity records and, 8, 16
usable borehole and, 12

dogleg severity (DLS), 8
dolomite, 25f, 83
double recorder, 96, 97f
downhole deviation, 1
downhole drilling motors, 9, 35
downhole mud motor, 6, 56–58

bent housings and, 36, 36f
drill string and, 35, 35f
rotor and, 56, 56f, 57f
stator and, 56, 57f, 58f

downhole positive pulse instrument, 88, 88f
drag, 17, 20

drawworks, 26, 26f
drift. See also deviation

deviation-recording instruments and, 92
factors affecting, 9, 9f
MWD and, 99

dril graf monitors/dril data, 89f
drillability of formations, variation in, 25, 31
drill collar(s), 55f. See also spiral drill collars; square 

drill collars; standard drill collars
annular clearance and, 48
bore, 61
drill strings and, 26, 26f
HWDP and, 48–49
inside diameter (ID), 47t, 48
moments of inertia and, 47, 47t
outside diameter (OD), 47t, 48
packed pendulum assembly and, 55, 55f
relative deflection of, 48, 48f
spirals/grooves on, 78
stiffness of, 47
transition zone and, 48
undersized, 27

drill collar string(s). See also drill string(s)
BHA and, 48
stuck pipe and, 21

drilling assembly
in drilling report, 34, 34f
transitional, 69f

drilling contract(s)
crooked holes and, 1
deviation clause in, 3, 7–10, 8f
hole deviation and, 6, 92
specifications and, 11

drilling fluid(s)
downhole motors and, 59
fatigue damage and, 18

drilling mud, 71
drilling rate, doglegs and, 7
drill pipe(s). See also heavy-walled drill pipe (HWDP)

dogleg limits and, 18, 19f
doglegs, keyseats and, 21–22
heavyweight, 69f
safety factor and, 73
stands of, 26
stuck/risk of sticking, 20, 92

drill pipe failure, 17–19
dogleg limits/Grade-E drill pipe and, 18, 19f
fatigue failure and, 17–18, 17f

drill pipe float, 95
drill stem tools, 61, 90
drill string(s). See also drill collar string(s)

directional drilling and, 2
downhole mud motors and, 35
drill collars and, 26, 26f
drilling mud and, 71
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hole deviation and, 26, 26f, 27, 27f
pendulum assembly and, 39
risk of sticking, 91
Surwell well-surveying instrument and, 4

elastomer, 57f
electromagnetic (EM) radiation, 99
elevators, 65, 65f
evaluation problems, 22
exploration wells, casing and, 20

fatigue curve, 19, 19f
fatigue failure, 17–18, 17f
filter cake, 77, 83
filtrate, 78
fishing jobs

keyseats and, 16
large drill collars and, 67, 68t

fixed-cutter bits (PDC), 29, 29f, 35
fluid migration, 20
formation(s). See also hard formations; rock(s); soft 

formations
boundaries of, 4
cutters for roller reamers, 84f
depths and, 1
interbedded, 24
nonabrasive, 37
offset ledges and, 25, 25f
stabilizers and, 49, 82

formation dip, 31
BHAs and, 53f, 54f
bit and, 23
laminar formations and, 24, 24f

formation effects, 23–25
about, 23
drillability of formations, variation in, 25, 25f
formation dip, 24–25, 24f

formation factors, 31
formation pressure, 78
free-point indicators, 63
fulcrum point, 38f, 40, 56
fulcrum stabilizer, 40, 56
full-gauge hole, 37

ghost reamer, 83
go-devil

baffle plate and, 93f, 94–95, 94f
defined, 91, 92
double recorder disc and, 96, 97f
landing and centering, 94
methods for running, 93, 93f

Grade-E drill pipe, dogleg limits and, 18, 19f
granite, 25f
“gunbarrel,” 56
gun barrel approach, 44
gyroscope(s), 4, 96

Gyroscope No. 1, 4, 4f
gyro-while drilling equipment, 99

hammer bits, 29, 29f, 31, 31f
hardbanding, 65, 66f
hardfacing, 80, 81f
hard formations

bit wear and, 52
hardbanding and, 66f
offset ledges and, 25, 25f
wall contact area and, 79

hard-rock basins
air percussion tools and, 29–30, 30f, 35
upsurge in drilling in, 7

heavy-walled drill pipe (HWDP), 48–49, 70–71, 70f
heavy-weight drill pipe, 70–71
hole(s). See crooked hole(s); straight hole(s)

AKO assembly for, 58f
drilling upper portion of, 86
full-gauge, 37
horizontal, 58
junked, 18
making, 27
pilot, 37
trajectory, planning, 33
tripping out of, 83

hole angle. See restricted total hole angle
hole-angle change, 11. See also restricted rate of 

hole-angle change
hole angle drop rates, 42, 43t
hole deviation, 23–32. See also controlling hole 

deviation
angle-drop rates and, 43t
control methods and, 59
downhole deviation and, 1
drilling contracts and, 3
factors affecting, 31–32
formation effects, 23–25
mechanical effects, 26–31, 32
new technology and, 9

hole opener, 37
horizontal holes, 58
horizontal wells, 2
horsepower, 47
Huntington Beach oilfield, 5, 5f
HWDP. See heavy-walled drill pipe (HWDP)
hydrostatic energy, 35

IADC Daily Drilling Report, 34f
inclination (angle), 4
inclinometer, 4, 98, 98f
ink-bottle survey instrument, 4, 4f
inside diameter (ID)

drill collar weight and, 61, 63
maximum allowable, 48
moments of inertia and, 47t
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OD and, 63f
wall thickness and, 66

integral-blade stabilizers, 81f, 82
integrated drilling system, rig site, 89f
interbedded formations, 24

junk, 92
junked holes, 18
junk slots

PHA and, 44, 45
stabilizer blades and, 80
stabilizers and, 50

keyseat(s)
defined, 21
formation of, 15–16, 15f
problems, 21–22
severe, 16
usable borehole and, 12

laminar formations, 24, 24f
lease(s)

offset, 1
total hole angle and, 13, 13f
violation of, 5, 6

ledge effect, 25, 25f
limestone, 25f, 83
logging tools, wireline and, 20
Lubinski, Arthur, 18, 40
lubricants, filter-cake dissolving, 78

magnetic deviation surveys, 65
making hole, 27
mandrel, 81f, 83
marbles, 25f
measurement-while-drilling (MWD). See also 

MWD tools
BHA and, 99
borehole direction/inclination and, 6
rig site integrated drilling system, 89f

milling out tools, 20
moments of inertia, 47, 47t
monitors, Petron, 89f
mud motor rotor, 56, 56f
mud pulse telemetry, 88, 88f
mud weights

adjusting for different, 18
buoyancy factors for, 72t

multiple recorder, 96
MWD. See measurement-while-drilling (MWD)
MWD tools, 35, 86, 88, 89f

Nicholson, Robert W., 18
nonabrasive formation, 37
nonmagnetic collars, 65
nonrotating sleeve stabilizer, 81f, 83

observation wells, casing and, 20
offset cones, 29, 29f
offset historical data, 9
offset leases, 1
offset ledges, 25, 25f
oilfields, Huntington Beach, California, 5, 5f
Oklahoma

BHAs and, 53, 54f
hard-rock basins in, 7
rigs in, 1
straight-hole field case, 54f

outside diameter (OD)
bit size and, 66
drill collar weight and, 61, 63
fatigue failure and, 67
ID and, 63f
maximum allowable, 48
moments of inertia and, 47t
nominal pipe and, 16
ranges, 65

overload, 17, 18
overshot, 4, 68t
overshot tools, 67

packed-hole assembly (PHA), 44f, 51f, 55f
BHA and, 44
crooked-hole conditions and, 51f
design factors and, 46
properly designed, 45
reaching TD and, 53
stabilization points and, 46, 46f
various conditions and, 50–54
vibration dampener and, 86

packed pendulum assembly, 55–56, 55f. See also 
pendulum assembly

packers, 20
packing off the hole, 44
pay zone, 2f, 14, 21
PDC. See polycrystalline diamond compact (PDC) bits
PDC bits, 35
pendulum, 55f
pendulum assembly, 38–43. See also packed 

pendulum assembly
designers of, 40
hole angle drop rate and, 42, 43t
pendulum effect and, 26f, 38, 39
pendulum forces and, 38, 38f, 39
stabilizers and, 40, 42
WOB limits and, 40, 41t, 42

pendulum BHA. See pendulum assembly
pendulum effect, 26f

BHA and, 37
defined, 38
deviation-recording instruments and, 95
reamer above bit and, 85, 85f

pendulum force, 38, 38f
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penetration rate
limitation in deviation and, 8
WOB and, 7

percussion tools. See air percussion tools
Permian Basin, 31f
Petron, 89f
pilot hole, 37
pins, 65
pin tool joint, 70f
pipes. See drill pipe(s)
plug-back operations, 8
polycrystalline diamond compact (PDC) bits, 29
production, problems with, 20, 22
production phase, 7
productive zone, 20
pulling out of the hole, 15

rate of penetration (ROP)
air drilling and, 35, 36
WOB and, 28

ream, 16
reamer(s), 79f

BHAs and, 37
ghost, 83
pendulum effect and, 85, 85f
rolling-cutter, 83–85, 84f

reamer-stabilizer, 52f, 75–76, 76f
record keeping, bits and, 28–29
replaceable-blade stabilizer, 81f, 82
reports, daily drilling, 34, 34f
restricted rate of hole-angle change, 15–20

casing and, 20
cement circulation and, 20
dogleg limits/Grade-E drill pipe, 18, 19, 19f
doglegs and keyseats, 15–16, 15f
drill pipe failure, 17–19, 17f
logging tools, wireline and, 20
production problems and, 20
stuck drill pipe and, 20

restricted total hole angle
doglegs and, 14, 14f
reasons for restriction, 13–14, 13f, 21

rigs, hole deviation and, 1
rig site integrated drilling system, 89f
rock(s). See also formation(s)

compressive strength of, 25, 25f
hard-rock country, 31f

Rocky Mountains, 7
roller cone bits, 29, 29f
roller reamer, 75, 76f
rolling-cutter reamer, 83–85, 84f
ROP. See rate of penetration (ROP)
rotary steerable systems, 6, 9
rotating blade, 79f
rotating-blade stabilizers, 80–81, 80f, 81f
rotor

downhole motors and, 59
stator and, 56, 57f, 58f

safety factor, 72–73
sandline, 92
shock sub/shock absorber. See vibration dampener(s)
shrunk-on sleeve stabilizers, 81f, 82
sideload forces, 15
skidding the rig, 33
slant holes, 58
slanthole lease violations, 6
slant rig, 11
sleeve breaker, 82
slick line, 96
slip cuts, 18
slips, 65, 65f
slough, 20
soft formations

drill collars and, 61, 62f, 74
hardfaced teeth for, 84
hole erosion and, 49
offset ledges and, 25, 25f
reamers and, 83
wall contact area and, 79
washed-out, 42

spear point, 97f
spear point assembly, 94, 94f
Sperry, Elmer, Jr., 4
Sperry Gyroscope Company, 4, 10
Sperry-Sun Well Surveying Company, 4
spiral drill collars

differential sticking and, 77–78, 77f
filter cake and, 77, 78
fluid velocities and, 49

spiral hole, 27, 27f
spud, 13
square drill collars, 74–76, 74f

cross-section diameter, 75f
reamer-stabilizers and, 75–76, 76f
soft formations and, 74
square, 49, 53

stabilizer(s), 79–83
bearing housing, 58f
BHAs and, 37
categories of, 79f, 80
clearance and, 49
crooked hole tendencies and, 50
downhole mud motor assemblies and, 58f
fulcrum, 56
integral-blade, 69f, 81f, 82
nonrotating sleeve, 81f, 83
packed pendulum assembly and, 55f
pendulum assembly and, 40, 42
reamer-, 52f, 75–76, 76f
repairing blades of, 82
replaceable-blade, 81f, 82
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DRILLING A STRAIGHT HOLE

rotating-blade, 80–81, 80f, 81f
rubber finger, 94f
shrunk-on sleeve, 81f, 82
threaded-sleeve, 81f, 82
undergauge, 59
wall contact area and, 80
welded-blade, 49f, 81, 81f

stabilizer blades, 79f
standard drill collars, 61–73

boxes, pins and, 65
buoyancy factor of, 71
circulation rates and, 63
drill collar size/weight, 61–65, 62f
hardbanding, 65, 66f
inside diameter (ID), 61, 63, 63f, 66
large, 67, 68t
large-bore, 63
nonmagnetic, 65
outside diameter (OD), 61, 63, 63f, 65, 66, 67
safety factor for, 72–73
selection of, 66–68
slips, elevators and, 65, 65f
threaded connections of, 67
weight and, 64t, 71–73
WOB and, 71, 73

stator
cross-section, 58f
rotor and, 55f, 56

steerable systems, 6
steering tool, 98
straight hole(s)

cone and, 12, 12f
defined, 21
qualifications for, 11
specifications, 8f
WOB and, 59

straight-hole field case, 54f
string shots, 63
stuck drill pipe

differentially stuck pipe, 78–79
doglegs, keyseats and, 20, 21–22

sucker rod strings, 18
sucker rod wear, 20
Sun Oil Company, 4, 10
Surwell well-surveying instrument, 4, 5f

TD. See Total Depth (TD)
tensile strength, 17
tensile stress, 18
Texas, 6, 7
T.H. Hill Associates, Inc., 18
threaded-sleeve stabilizer, 81f, 82
tongs, 82
tool joint, 16
torque, 56
Total Depth (TD), 11
total hole angle. See restricted total hole angle

totco ring, 94
transitional drilling assembly, 69f
transition zone, drill collars and, 48
tripping out of the hole, 83
trips, 67
tubing, 18
tubing leaks, 20
tubulars, 18
tungsten carbide inserts, 80, 81f, 84

undergauge bit, 75
updip, 24
upsets, 18

Val Verde, 35
vibration dampener(s), 55f, 69f

about, 86
bit cutters and, 52
cutaway of, 87f
PHA and, 50

washover pipe, 67
washpipe

clearance and, 47
drill collar size and, 68t

wear-pad stabilizer, 81f, 82, 83
weight on the bit (WOB)

doglegs and, 7, 7f, 59
drill collars and, 71, 73
pendulum assembly and, 39, 42
percussion tools and, 36
reduced, 7, 7f
ROP and, 28

welded-blade stabilizers, 81, 81f
well(s)

control, 31f
horizontal, 2
near-vertical, 71
observation, 20

wellbore(s). See also borehole(s)
curved, 17, 17f
deviation and, 11
intersection of, 1
keyseats and, 16

wellbore survey tools, 3–6
about, 10
acid bottle, 3–4, 3f
gyroscopes, 4, 4f
hole deviation and, 3
ink-bottle survey instrument, 4, 4f
steerable systems, 6
Surwell well-surveying instrument, 4, 5f

wireline, 3f, 4, 20
wireline operation, 98
WOB. See weight on the bit (WOB)
Woods, Henry, 40
workover phase, 7
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To obtain additional training materials, contact:

PETEX
The University of Texas at Austin

PETROLEUM EXTENSION
J.J. Pickle Research Campus
10100 Burnet Road, Bldg. 2

Austin, TX 78758

Telephone: 512-471-5940
or 800-687-4132

FAX: 512-471-9410
or 800-687-7839

E-mail: petex@www.utexas.edu
or visit our Web site: petex.utexas.edu

To obtain information about training courses, contact:

PETEX
LEARNING AND ASSESSMENT CENTER

The University of Texas at Austin
4702 N. Sam Houston Parkway West, Suite 800

Houston, TX 77086

Telephone: 281-397-2440
or 800-687-7052

FAX: 281-397-2441
E-mail: plach@www.utexas.edu

or visit our Web site: petex.utexas.edu
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