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SPECIAL NOTES

API publications necessarily address problems of a general nature. With respect to partic-
ular circumstances, local, state, and federal laws and regulations should be reviewed.

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to
warn and properly train and equip their employees, and others exposed, concerning health
and safety risks and precautions, nor undertaking their obligations under local, state, or fed-
eral laws.

Information concerning safety and health risks and proper precautions with respect to par-
ticular materials and conditions should be obtained from the employer, the manufacturer or
supplier of that material, or the material safety data sheet.

Nothing contained in any API publication is to be construed as granting any right, by
implication or otherwise, for the manufacture, sale, or use of any method, apparatus, or prod-
uct covered by letters patent. Neither should anything contained in the publication be con-
strued as insuring anyone against liability for infringement of letters patent.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every
five years. Sometimes a one-time extension of up to two years will be added to this review
cycle. This publication will no longer be in effect five years after its publication date as an
operative API standard or, where an extension has been granted, upon republication. Status
of the publication can be ascertained from the API Exploration and Production Department
rtelephone (202) 682-80001. A catalog of API publications and materials is published annu-
ally and updated quarterly by API, 1220 L Street, N.W., Washington, D.C. 20005.

This document was produced under API standardization procedures that ensure appropri-
ate notification and participation in the developmental process and is designated as an API
standard. Questions concerning the interpretation of the content of this standard or com-
ments and questions concerning the procedures under which this standard was developed
should be directed in writing to the director of the Exploration and Production Department,
American Petroleum Institute, 1220 L Street, N.W., Washington, D.C. 20005. Requests for
permission to reproduce or translate all or any part of the material published herein should
also be addressed to the director.

API standards are published to facilitate the broad availability of proven, sound engineer-
ing and operating practices. These standards are not intended to obviate the need for apply-
ing sound engineering judgment regarding when and where these standards should be
utilized. The formulation and publication of API standards is not intended in any way to
inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking
requirements of an API standard is solely responsible for complying with all the applicable
requirements of that standard. API does not represent, warrant, or guarantee that such prod-
ucts do in fact conform to the applicable API standard.

All rights reserved. No part of this work may be reproduced, stored in a retrieval system, or
transmitted by any means, electronic, mechanical, photocopying, recording, or otherwise,
without prior written permission from the publisher. Contact the Publisher,

API Publishing Services, 1220 L Street, N.W., Washington, D.C. 20005.

Copyright © 1998, 2000, 2003 American Petroleum Institute



FOREWORD

This recommended practice is under the jurisdiction of the API Subcommittee on Stan-
dardization of Drilling and Servicing Equipment.

The purpose of this recommended practice is to standardize techniques for the procedure
of drill stem design and to define the operating limits of the drill stem.

API publications may be used by anyone desiring to do so. Every effort has been made by
the Institute to assure the accuracy and reliability of the data contained in them; however, the
Institute makes no representation, warranty, or guarantee in connection with this publication
and hereby expressly disclaims any liability or responsibility for loss or damage resulting
from its use or for the violation of any federal, state, or municipal regulation with which this
publication may conflict.

Changes from the previous edition are denoted with bars in the margins. The bars indicate

98 | new content or major editorial changes. Changes to section numbers due to reformatting or
minor editorial changes are not denoted with bars.

Suggested revisions are invited and should be submitted to the director of the Exploration
and Production Department, American Petroleum Institute, 1220 L Street, N.W., Washing-
ton, D.C. 20005.

This recommended practice shall become effective on the date printed on the cover but
may be used voluntarily from the date of distribution.
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Recommended Practice for Drill Stem Design and Operating Limits

1 Scope
1.1 COVERAGE

This recommended practice involves not only the selection
of drill string members, but also the consideration of hole
angle control, drilling fluids, weight and rotary speed, and
other operational procedures.

1.2 SECTION COVERAGE

Sections 4, 5, 6, and 7 provide procedures for use in the
selection of drill string members. Sections 8, 9, 10, 11, 12,

and 15 are related to operating limitations which may reduce
the normal capability of the drill string. Seetion13-containsa
lassificati ; | dsillni | used-tubi |

2 References
(See also Appendix B.)

API
RP5C1  Care and Use of Casing and Tubing
Bull 5C3  Bulletin on Formulas and Calculations for
Casing, Tubing, Drill Pipe, and Line Pipe
Properties
Spec 7 Specification for Rotary Drill Stem Ele-
ments

RP7A1  Recommended Practice for Testing of
Thread Compounds for Rotary Shouldered

Connections

RP 13B-1 Recommended Practice Standard Proce-
dure for Field Testing Water-Based Drill-
ing Fluids

RP 13B-2 Recommended Practice Standard Proce-
dure for Field Testing Oil-Based Drilling
Fluids

ASTM!
D3370  Standard Practices for Sampling Water

NACE?
MR-01-75  Sulfide Stress Cracking Resistant Metallic

Material for Oil Field Equipment

' American Society for Testing Materials, 100 Barr Harbor Drive, West Con-
shocken, Pennsylvania 19428.
’NACE International, P.O. Box 218340, Houston, Texas 77218-8340.

3 Definitions

3.1 bending strength ratio: The ratio of the section
modulus of a rotary shouldered box at the point in the box
where the pin ends when made up divided by the section mod-
ulus of the rotary shouldered pin at the last engaged thread.

3.2 Dbevel diameter: The outer diameter of the contact
face of the rotary shouldered connection.

3.3 bitsub: A sub, usually with 2 box connections, that is
used to connect the bit to the drill string.

3.4 box connection: A threaded connection on Oil
Country Tubular Goods (OCTG) that has internal (female)
threads.

3.5 calibration system: A documented system of gauge
calibration and control.

3.6 Class 2: An API service classification for used drill
pipe and tubing work strings.

3.7 cold working: Plastic deformation of metal at a tem-
perature low enough to insure or cause permanent strain.

3.8 corrosion: The alteration and degradation of material
by its environment.

3.9 critical rotary speed: A rotary speed at which har-
monic vibrations occur. These vibrations may cause fatigue
failures, excessive wear, or bending.

3.10 decarburization: The loss of carbon from the sur-
face of a ferrous alloy as a result of heating in a medium that
reacts with the carbon at the surface.

3.11 dedendum: The distance between the pitch line and
root of thread.

3.12 dogleg: A term applied to a sharp change of direc-
tion in a wellbore or ditch. Applied also to the permanent
bending of wire rope or pipe.

3.13 dogleg severity: A measure of the amount of
change in the inclination and/or direction of a borehole, usu-
ally expressed in degrees per 100 feet of course length.

3.14 drift: A drift is a gauge used to check minimum ID of
loops, flowlines, nipples, tubing, casing, drill pipe, and drill
collars.

3.15 drill collar: Thick-walled pipe or tube designed to
provide stiffness and concentration of weight at the bit.

3.16 drill pipe: A length of tube, usually steel, to which
special threaded connections called tool joints are attached.

|98
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2 APl RECOMMENDED PRACTICE 7G

gg| 3-17 drill string element: Drill pipe with tool joints

attached.

3.18 failure: Improper performance of a device or equip-
ment that prevents completion of its design function.

3.19 fatigue: The process of progressive localized perma-
nent structural change occurring in a material subjected to
conditions that produce fluctuating stresses and strains at
some point or points and that may culminate in cracks or
complete fracture after a sufficient number of fluctuations.

3.20 fatigue failure: A failure which originates as a result
of repeated or fluctuating stresses having maximum values
less than the tensile strength of the material.

3.21 fatigue crack: A crack resulting from fatigue. See
fatigue.

3.22 forging: (1) Plastically deforming metal, usually hot,
into desired shapes with compressive force, with or without
dies. (2) A shaped metal part formed by the forging method.

3.23 kelly: The square or hexagonal shaped steel pipe con-
necting the swivel to the drill string. The kelly moves through
the rotary table and transmits torque to the drill string.

3.24 Kkelly saver sub: A short substitute that is made up

98| onto the bottom of the kelly to protect the pin end of the kelly

from wear during make-up and break-out operations.

3.25 last engaged thread: The last thread on the pin
engaged with the box or the box engaged with the pin.

3.26 lower kelly valve: An essentially full-opening valve
installed immediately below the kelly, with outside diameter

98| equal to the tool joint outside diameter. Valve can be closed to

98

remove the kelly under pressure and can be stripped in the
hole for snubbing operations.

3.27 make-up shoulder: The sealing shoulder on a
rotary shouldered connection.

3.28 minimum make-up torque: The minimum make-
up torque is the minimum amount of torque necessary to
develop an arbitrarily derived tensile stress in the pin or com-

pressive stress in the box. This arbitrarily derived stress level
is perceived as being sufficient in most drilling conditions to
prevent downhole make-up and to prevent shoulder separa-
tion from bending loads.

3.29 minimum OD: For tool joints on drill pipe with rotary
shouldered connections, the minimum OD is the minimum
box OD that will allow the connection to remain as strong as a
specified percentage of the drill pipe tube in torsion.

3.30 oil muds: The term "oil-base drilling fluid" is
applied to a special type drilling fluid where oil is the contin-
uous phase and water the dispersed phase. Such fluids contain
blown asphalt and usually 1 to 5 percent water emulsified into

the system with caustic soda or quick lime and an organic
acid. Silicate, salt, and phosphate may also be present. Oil-
base drilling fluids are differentiated from invert-emulsion
drilling fluids (both water-in-oil emulsions) by the amounts of
water used, method of controlling viscosity and thixotropic
properties, wall-building materials, and fluid loss.

3.31 pin end: A threaded connection on Oil Country
Tubular Goods (OCTG) that has external (male) threads.

3.32 plain end: Drill pipe, tubing, or casing without
threads. The pipe ends may or may not be upset.

3.33 premium class: An API service classification for
used drill pipe and tubing work strings.

3.34 quenched and tempered: Quench hardening-
Hardening a ferrous alloy by austenitizing and then cooling
rapidly enough so that some or all of the austenite transforms
to martensite.

Tempering-Reheating a quenched-hardened or normalized
ferrous alloy to a temperature below the transformation range
and then cooling at any rate desired.

3.35 range: A length classification for API Oil Country
Tubular Goods.

3.36 rotary shouldered connection: A connection
used on drill string elements which has coarse, tapered
threads and sealing shoulders.

3.37 shear strength: The stress required to produce frac-
ture in the plane of cross section, the conditions of loading
being such that the directions of force and of resistance are
parallel and opposite although their paths are offset a speci-
fied minimum amount. The maximum load divided by the
original cross-sectional area of a section separated by shear.

3.38 slip area: The slip area is contained within a distance
of 48 inches along the pipe body from the juncture of the tool
joint OD and the elevator shoulder.

3.39 stress-relief feature: A modification performed on
rotary shouldered connections which removes the unengaged
threads of the pin or box. This process makes the joint more
flexible and reduces the likelihood of fatigue cracking in this
highly stressed area.

3.40 swivel: Device at the top of the drill stem which per-
mits simultaneous circulation and rotation.

3.41 tensile strength: The maximum tensile stress
which a material is capable of sustaining. Tensile strength is
calculated from the maximum load during a tension test car-
ried to rupture and the original cross-sectional area of the
specimen.

3.42 test pressure: A pressure above working pressure
used to demonstrate structural integrity of a pressure vessel.

98
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3.43 thread form: The form of thread is the thread profile
in an axial plane for a length of one pitch.

3.44 tolerance: The amount of variation permitted.

3.45 tool joint: A heavy coupling element for drill pipe
having coarse, tapered threads and sealing shoulders designed
to sustain the weight of the drill stem, withstand the strain of
repeated make-up and break-out, resist fatigue, resist addi-
tional make-up during drilling, and provide a leak-proof seal.
The male section (pin) is attached to one end of a length of
drill pipe and the female section (box) is attached to the other
end. Tool joints may be welded to the drill pipe, screwed onto
the pipe, or a combination of screwed on and welded.

3.46 upper kelly cock: A valve immediately above the
kelly that can be closed to confine pressures inside the drill
string.

3.47 upset: A pipe end with increased wall thickness. The
outside diameter may be increased, or the inside diameter
may be reduced, or both. Upsets are usually formed by hot
forging the pipe end.

3.48 working gauges: Gauges used for gauging product
threads.

3.49 working pressure: The pressure to which a partic-
ular piece of equipment is subjected during normal opera-
tions.

3.50 working temperature: The temperature to which a
particular piece of equipment is subjected during normal
operations.

Jo3
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Table_4—N Drill Pioe-Di . D
[S2) & [Se) [S2) [S2) ©) [S2)
e e e I
ob Threads-and PlainEnd Wall D Body-ofPipe’ Medulus®
I8 Couplings. Weight! Fhickness . S¢ 1 [SISEN
D e L b d A4 Z
2% 4.85 443 190 s 2 At
6.65 6.20 280 e R e
2% 6.85 6:16 217 24 18120 2.241
10:40 9.72 362 2451 28579 3.204
34, 9.50 88+ 254 2.992 25902 3.923
13.30 12.31 368 2.764 3.6209 5.144
15.50 1463 <49 2.602 43037 5.847
4 185 1046 262 3476 3.0767 5400
1400 12.93 330 3340 38048 6.458
15.70 1469 380 3240 43216 7457
44 13.75 12.24 271 3.958 3.6004 7484
16.60 1498 337 3826 44074 8543
20.00 18:69 4430 3.640 54984 10.232
22.82 21.36 2500 3.500 6.2832 11.345
5 16.25 1487 296 4408 43743 9718
19.50 17.93 362 4.276 52740 11415
25.60 2403 500 4000 T0686 14491
5t 1920 16.87 304 4.892 S A
21.90 19.81 361 4.778 5.8282 14.062
= = 415 4.670 6.6296 15.688
6% 25.20 22.19 330 5.965 6.5262 19.572
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(¢S} (] (S5} 4 (S] ) (35) (] 9 (S35
) )

Size— Threadsand— 'Torsional Data *Fenstle-PataBased-on-Minimum Values

Oob Couphngs Torsional Yicld Strength. (b Loadat the Minimum Yicld Strength. b

i To/ft E75 X95 G105 $135 E75 X95 G105 $135

2% 485 4763, 6033, 6668, 8574, 9787, 123902, 136944, 176071,

6.65 6250, 7917, 8751 H251 138214 175072, 193500. 248786.

27 6.85 S083. 10238, H3to. 14349, 135902, 172143, 190263, 244624,
10.40 1554, 14635, 16176, 20798, 214344 271503 300082, 385820.

3, 9.50 14146, 17918, 19805, 25463. 194264, 246068, 271970. 349676.
13.30 18551, 23498, 25972, 33392, 271569, 343988, 380197, 488825,
1550 21086- 26708 29520, 37954, 322775 408848, 451885 580995-

4 11.85 19474, 24668, 27264, 35054, 230755, 292290, 323057. 415360.
14.00 23288, 29498, 32603. 41918, 285359, 361454, 399502, 513646.
1570 25810- 32692. 36134 46458 32418 410550 453765- 583413

44 1375 25907 32816: 36270- 46633. 270034 342043 378047 486061
20.00 36901, 46741, 51661, 66421, 412358, 322320. 77301, 742244,

5 1625 35044 44389 49062, 63079 328073 415559 459302 59053+
1950 4167 52144 57633, F4160- 395595 504087 553833 H2670-
25.60 52257, 66192, 73159, 94062, 530144, 671515, 742201, 954259,

£ 19.20 44074, 55826, 61703, 79332, 372181, 471429, 521053, 6699235,
21.90 50710. 64233, 70994, 91278, 437116. 553681, 611963, 786809,
2470 56574, F1660- 79204 104833 497222 629814 69611 894999,

6% 2520 70580, 89402, 98812, 127044, 489404, 619988, 685250, 881033,
2770 76295, 96640- 106813 137336. 534199 676651 FA78TF- 961556.

. . . - . 4 03
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2, 2 S, “ & ) 52) & 2]

Nominal Weight

2 485 11040: 13984. 15456 19035 10500: 13300: 14700:
665 15599, 19759, 21839, 28079 15474, 19600: 21663:

2 685 10467- 12940. 14020. 17034. 9967 12548 13869
1040 16509: 2094+ 2312, 29716 16526 20933 23437,

31 950 1000 12077. 13055 15748 9525. 12065 13335
1330 14413, 17877 19758 25404, 13800: 17480- 19320.

15:50 16774 21247, 23484. 30494. 16838; 21328, 23573,

4 1185 8381 9978. 10708 12618 8597 10889 12036
14.00 1354, 14382, 15896 20444 10828: 13716 15459,

1570 12896 16335 18055 23213, 12469 15794; 17456

4 1395 7473 8412, 8956 10283 7904 10012: 11066
1660 10392. 12765 13825 16773 9829. 12450, 1376k

20.00 12964. 16421 18149; 23335 12542, 15886 17558

2282 14815 18765 20744 26667: 14583; 18472, 20447

5 1625 6938 8108 8616 9834 7770 9842, 10878;
19.50 9962 12026 12999, 15672 9503. 12037, 13304.

25.60 13500: 17400- 18900: 24300. 13425, 16625 18375

s 19.20 6039 6942, 7343 8093. 7255, 9189 10456
2190 8443, 10019: 10753. 12679 8615 10942, 1206+

2470 10464: 12933, 14013 17023, 9903. 12544, 13865

6% 2520 4788 5324 5500 6036 6538 8281 9453,
27.90 5894 6755 7103. 7843, 172 9084 10040;



RECOMMENDED PRACTICE FOR DRILL STEM DESIGN AND OPERATING LIMITS

o~
=
~+

New-Weight
Nominal W/

Size  Threadsand “orsional Yield Strength- *Tensile Data Based-on Uniform Wear

i Torft E75 X95 G105 S135 E75 X95 Glos S135
2 485 3725. 4719, 5215, 6705. 76893, 97398 167650. 138407
2 685 6332, 8020. 8865. 1397, 106946 135465. 149725 192503.
31 9.50 11094 14052, 15531 19968. 152979, 193774, 214174 275363.
4 1185 15310, 19392, 21433, 27557, 182016. 230554. 254823, 327630.
4 1375 20403. 25844. 28564 36725. 213258, 270127 29856+ 383864.
5 1625 27607 34969. 38650. 49693. 259155 328263. 362847, 466479-
i 1990 34764 44035, 43676, 62575. 294260. 372730. 411965. 529669.
64 2520 55766. 7522, 79056. 104635. 387466 490790. 542452, 697438
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+6)
i G165 $135 ' X95 G105 S135
2 10912, 12891 12160 13440, 17280
2l 9633. 186 H473. 12686 16303
3% 8813, 10093 13k 12192, 15675
4 6827 7445. 9956. 1004 14148
ym 5352, 5908. 9154 HoH7. 13008
5 5067 5661 8998. 9946. 12787,
s 4336. 4714, 8401 9286. 1939,
6% 3353, 3429. 757+ 8368- 10759
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o~
=
~+

New-Weight
Nominal- W/
Size Threadsand HTorsional Yield Strength- Tensile Data Based-on Uniform Wear
i o E75 X95 G105 $135 E75 X95 G105
2 485 3224, 4083 4513 5862, 66636 84469 93360
665 4130, 5232, 5782, 7434, 92871 H7636. 130619
2 6585 5484 6946. 7677 9874 9280+ HT549. 129922,
1640 7594 9615. 10627 13663 143557, 181839 200980
E 950 9612, SLIL7S 13457, 17362, 132793 168204, 185940.
1330 12365 15663 1312 22258 183398, 232304 256757
1550 13828 17515, 19359, 24890 215967, 273558, 302354,
4 1185 13284 16823 18594 23967, 158132, 20030+ 221385,
1400 15738 19935, 22034, 28329, 194363 246193 272108,
1590 17315, 21932, 24241 31166 219738, 278335, 307633.
44 1375 s 22439, 24801 31887, 185389 234827, 259545,
16.60 20908 26483 29274 37634, 225774 285977, 316080-
20.00 24747, 31346. 34645 44544 279502, 354035, 394302
2282 27461 34404 38026 48890 317497 462163 444496.
5 1625 23974, 30368 33564 43154, 225316, 285400- 315442,
1950 27976 35436, 39166 50356 270432, 342548, 378605-
25.60 34947, 44267 48926 62905 358731 454392 502223
54, 1920 30208 38263 42291 54374, 255954, 324208, 358335,
21.90 34582, 43804 48414 62247, 299533 379409 419346
2430 38383 48619 53737, 69690 339533 430076- 475347,
6% 2590 48497, 61430 67896 87295 337236 427166- 472131
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(<o) 2 (Co) (S2) (S} ©) (2} (S} (2} +6)
@%*W*MMW
OD——Coeuplings———Based-on-Minimum-Values psi atMinimum Yield Strength; psi

i ot E7S X95 G105 $135 E75 X95 G105 S135
2% 485 6852 7996 8491 9664- 8400- 10640 H760. 15120,
2l 6.5 6055 6963 7335, 8123, 7925 16039 1695, 14265
3 950 5544, 6361 6596 737 7620 9652, 10668 1B76
4 1185 PESER 4762, 4876 5436. 6378 8712 9629, 12380
ym 1395 3397, 3845 4616 4287 6323 8610- 8853 1382
5 1625 3275, 3696 3850. 4065. 6216. 7894 8762 189
s 1920 2835 3128 3215 3265 5804 7351 8125 10447,
&4 2590 2227, 2343, 2346. 2346. 5230. 6625. 7322, 9414,
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Fable-8 I‘leellel" "Eagl Prop EE'Z“;SEQ!"I pl cwFoolJoints-and
@ @ ey @ ® ®© @ ®) © a0 an a2
Mechanical Properties
Drill Pipe Data Tool Joint Data Tensile Yield; 1b Tersional Yield. f-1b
Size  Weight Weight  Type oD D Diametes® Toel Toel
in. NS NS Upset Conn. in. in. in. Pipe® Joint* Pipe’ Joint’
2 485 526 EU NC26(E) 3% T} 1625 97817 34368k 4763 6875b
495 EU OH 3i 2 1807 97817 206416 4763 4526p
505 EU SLH90 34, 2 1850 97817 202670 4763. 5075p
545 EU wo 3% 2 1.807 97817 195677, 4763. 4235p
665 699 EU NC26(E) 3% B 1625 138214, 31368 6250. 6875
689 EU oH 34, B 1625 138214, 294620, 6250. 63056
674 e PAC 2% e 1250 138214, 238504 62560 4672.p
678 EU SLH90 34, 2 1670 138214, 202850, 6250. 5075.p
2% 685 750 EU NC3 (IR 4 2% 2.000 135002, 447130 8083.  11790p
693 EU OH 3%, kg 2253 135902, 223937 8083 5464.P
705 EU SEH90 3% kg 2.296 135902, 266783 8083 7513p
731 EU wo 4 ke 2253 135002, 277553, 8083 7015.p
1040 10.87 EU NC3H(IE) 44 2 1.963 214344, 447130 1554, H790p
10.59 EU OH 3% 2% 1.963 214344, 345566, 1554, 8659.P
1027 e PAC 3, SEnA 1375 214344, 272938 11554 5706.P
10.59 EU SEH90 3% 254 2.006 214344, 382765 H5s4 H227p
149 e XH 44, N 1750 214344, 505054 11554, 13088p
1035 e NC26(SH) 3% B 1625 214344, 31368L 11554 6875.8
34, 9.50 10.58 EU NC38(E) & 244, 2563 194264, 587308 14146, 18071p
9.84 EU OH 4%, 3 2.804 194264, 392074 14146, HS03p
9.99 EU SLH90 4% 3 2.847 194264, 366705 14146, 12458p
1014 EU wo 4, 3 2.804 194264, 419797, 4446, 12723p
3t 1330 1437 EU H90 54, 2%, 2,619 271569, 664056 18558 23443p
13.93 EU NC38dE) & 24, 2457 271569, 587308 1855k 1807ip
1375 EU oH & 244, 2414 271569, 559582, 1855k 17167p
1340 e NC3HSH) 4% 2% 2.000 271569, 447136 1855k H790.p
13.91 EU XH & Phig 2313 271569, 576939, 18551 16867p
1550 1654 EU NC38dE) 5 Ph 2414 320775, 649158 21086, 20095p
4 185 13.00 e H90 5, 284, 2,688 230755, 913708 19474, 35308p
13.52 EU NCA6UE) 6 34, 3425 230755,  90H64. 19474, 33228p
1240 EU oH 54, 3150, 3.287 230755, 621357 19474, 21903
1291 EU wo T Fhiq 3313 230755, 782987 19474, 28643
1400 1504 e NCAOEH) 54, 284, 2,688 285359, 7H6LL 23288, 23279p
1543 e H90 5%, 28, 2.688 285359. 913708 23288 35308p
15.85 EU NC46(dE) 6 34, 3425 285359, 901164, 23288, 33228p
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N Srade E75 DrillBi (Conti

(S2) (C2] (S2) “ &) ©) (3] ©® ) €0) (S5 &2
Mechanical -
DrillPipe Data ToelJoint Data Tensile Yield; 1b Torsional Yieldfi-Ib
Nominal- Nominal- Approx- L

Size Weight  Weight' Type ob bia} Prameter Tool Tool
i b/ b/ Upset Conn: in: i i Pipe® Joint* Pipe’ Joint®

4 14.00 15.02 EU OH LA 34, 3.125 285359. 759875, 23288, 27060.p

14.35 pLes SH Al 2% 2438 285359. 512035, 23288, 15026.P

15.70 16.80 piss NC40(FH) 54 2,6 2.563 324118. 776406. 25810. 25531p

17.09 184 H90 5t P 2.688 32418 913708: 25810: 35308:p

17.54 EU NC46(1F) 6 34, 3.095 324118, 901164 25810. 33228.p

44 B75 1523 pies H99 6 34, 3125 270034, 938403. 25907. 38544.p

15.36 kb NC30(E) 6% 3%, 3.625 270034 939096. 25907 37269:p

04 e OH S 334, 3770 270034 554844 25907 20678:p

14.77 EU WO 6 3% 3.750 270034, 848619, 25907. 33492.p

16.60 18.14 IEU FH 6 3 2.875 330558. 976156. 30807. 34367.p

17.92 IEU H90 6 34, 3125 330558. 938403. 30807. 38544.p

17.95 kb NC30(E) 6% 3%, 3.625 330538. 939096. 30807 37269:p

17.07 EU OH 5% 3 3.625 330558. 713979, 30807. 26936.p

00 16.79 1Y NEIRESH) 5 24,6 2563 330538. S87308: 30807 18071P

18.37 1EU NC46(X11H 6% 34, 3125 330558. 901164 30807. 33228.p

20.00 21.64 1EU FH 6 3 2.875 412358, 976156. 36901, 34367.p

21.64 1EU H90 6 3 2.875 412358, 1083605, 36901, 44948.p

2159 EU NC30(E) 6% 3% 3452 412338, 1023980. 36901 40913.p

22.09 1EU NC46(X11) 6% 3 2.875 412358, 1048420. 36901, 38998.p

22.82 2401 EU NC30(IF) 6% 3% 3452 471239, 1025980. 40912, 40915.p

2456 1EY NCA6(XH) 6" 3 2875 471239, 1048420, 40912 38998.p

5 19:50 2228 1EY St FH 7 3%, 3.625 395595, 1448407 41167, 62903.b

20.85 1EU NC3O(XIH 6% 3%, 3.625 395595, 939095, 41167, 37269.p

25.60 28.27 1EU 54FH 7 3%, 3.375 530144, 1619231 52257, 62903.b

26.85 1EY NCI0XH) 6% 34, 3375 530144 1H09920. 52257, 44450.p
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JARY (0 a2
7 =7 =)
DrillPipe Data ToolJoint Data Tensile Yield b Torsional Yield,fi-Ib
NominaNominal  Approx
Size  Weight  Weight' Ob 1D Tool Tool
Ib/ft b/ TFypeUpset Conn: i in: Pipe? Joint* Pipe? Joint®
2% 6.03 T4 EU-X95 NC26(1F) 3 Py e 313681 T91T. 0875.b
699 EU-X95 SEH90 34, 34 175072, 270223, T 6R62p
665 TH EU-G105 NE26HH 3% EEA 193500: 31368} 875k 6875b
699 EU-G105 SLH90 34, 34 193500, 270223, {751 68620
2% 1040 109 EU-X95 NE3HHS 4 2 271503 495726, 14635, +3458:p
10:95 EU-X95 SEH90 4 2 271503 443971 14635, +34+H-9p
1040 109 EU-G105 NC3 ) 4 2 300082. 495726, 16176- 131438:p
10:95 EU-G105 SEH99 4 2 300082. 443971 16176- 134H9:p
1040 H55 EU-S135 NC3 ) 4 ERIA 385820 623844, 20798, +6869.p
H26 EU-S135 SEH90 4 ERIA 385820 572089 20798, 17130:p
34, 1330 14.60 EU-X95 H90 BN 2%, 343988 664050 23498, 23443.p
14.62 EU-X95 NC3SHE) 5 2l 343988 649158 23498, 20095.p
14.06 EU-X95 SEH90 43y 2l 343988 596066 23498, 20709.p
1330 1471 EU-G105 NC3SHE) 5 26 380197, 708063« 25972, 22035.p
14.06 EU-G105 SEH99 43y 2l 380197, 596066 25972, 20709.p
1330 1492 EU-S135 NC3SHE) 5 24 488825, 842440, 33392, 26503.p
14.65 EU-S135 SEH99 5 2 488825, 789348 33392, 27869.p
1513 EU-S133 NC40(AFH) 5%k 2l 488825, 897161, 33392, 29764.p
1550 16.82 EU-X95 NC3SHE) 5 26 408848 708063« 26708. 22035.p
13.50 17.03 EU-G105 NC38(IF) 5 2 451885, 842440, 29520, ]
1697 EU-G105 NC404EH) S, 2l 451885 838257, 29520, 27693.p
13.50 17.57 EU-S133 NC40(4FH) 5t 24, 380995, 979996. 37954, St
4 14.00 15.34 1U-X935 NCA0(EH) Sty 2R, 361454, 776406. 29498, e
15.63 1U-X935 HY0 5% 28/ 361454, 913708, 29498, e
16.19 EU-X93 NC46(1F) 6 3%, 361454, 901164, 29498, e
14.00 1591 1U-G103 NC40(FH) 5t 2 399502, 897161, 32603, e
15.63 1U-G103 HY0 5% 28/ 399502, 913708, 32603, e
16.19 EU-G1O5 NC46(1F) 6 34, 399502, 901164, 32603, e
14.00 16.19 1U-S135 NCA0(FH) 5t 2 313646. 1080135, 41918 e
15.63 1U-S135 HY0 5% 28/ 313646. 913708, 41918 e
1642 EU-S135 NCHOHE) 6 3 513646- 1048426, 41918. 38998:p
1570 1752 1J-X95 NCHOEEHD B 26 410550- 897161 32692, 29764.p
1723 1J-X95 H90 B 28/ 410550- 913708 32692, 33308:p
1780 EU-X95 NC46(E) 6 34, 410550 901164 32692, 33228:p
1570 1752 1U-G105 NCAOEH) B 26 453765 897161 36134 29764.p
1723 1U-G105 H90 B 28/, 453765 913708 36134 35308:p
1780 EU-G105 NC46(E) 6 34, 453765 901164 36134 33228:p
1570 18.02 EU-S135 NC46(E) 6 3 583413 1048426. 46458 38998:p
4 16:60 1833 1EU-X95 EH 6 3 418707 976156- 39022, 34367p
181 1EU-X95 H90 6 34, 418707 938403 39022, 38544p
1836 EU-X95 NCS0dE) 6% 3%, 418707 939095 39022, 37269:p
18.79 1EU-X95 NC46(XH) 6%y 3 418707 1048426, 39022, St
4 16.60 1833 HEU-G105 FH 6 3 462781 976156, 43130, S
1833 HEU-G105 H90 6 3 462781 1085665. 43130, e
18.36 EU-G1O5 NC50F) 6% 3%, 462781 939095, 43130, St
1879 1EU-G105 NC46XHD 6%y 3 462781 1048426. 43130. 38998:p
16:60 1919 1EU-S135 EH 6%y 24 595004~ 1235337 55453, 44214p

98

00
98

00
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DrillPipe Data ToolJoint Data Tensile Yield b Torsional Yield,fi-Ib
Size  Weight  Weight! Ob b Diameter® et Tool
i Ib/ft Ib/ft Type Upset Conn: i iR i Pipe’ Joint* Pipe® Joint®

4 16:60 1833 IEU-S135 H99 6 3 2875 595004 1085665. 55453, +H048p

18.62 EU-S135 NC30dE) 6% 31, 3375 595004 1109920, 55453, +H56:p

19.00 1EU-S133 NC46(XIHh 6% 2%, 2.625 395004, 1183908, 35453, 44339.p

20.00 2239 TEU-X95 EH 6 24 2375 522320, 1235337 46741 +2 b p

2178 TEU-X95 H90 6 34, 3125 522320, 938403, 46741 ARS4p

22.08 EU-X95 NCS0(E) 6% 3%, 3.375 322320, 1109920. 46741, 444360.p

2267 TEU-X95 NC46(XH) 6%y 2%, 2625 522320, 1183908, 46741 44359:p

20.00 2239 IEU-G103 FH 6 24, 2.375 377301, 1235337, 31661 44214.p

22.00 IEU-G103 H90 6 3 2.875 377301, 10856065. 31661 44948.p

22.08 EU-G105 NC30(IF) 6% 3t 3375 377301 1109920. 31661, 44436.p

22.86 IEU-G103 NC46(XI) 6%y 24, 2.375 577301 1307608. 31661 et

20.00 23.03 EU-S135 NC50dE) 6% 3 2875 742244, 1416225, 66421 37534p

23.03 IEU-S135 NC46(XH) 6%y 24, 2125 742244, 1419527, 66421 33860:p

22.82 2513 TEU-X95 EH 6%y 24, 2125 596903 1347256. 51821 48522.p

2424 EU-X95 NC50dE) 6% 3t 3375 596903 1109920, 51821 44436.p

24.77 1EU-X95 NC46(XI1 &' 2% — 396903, 1183908, 31821 44339.p

22.82 2472 EU-G105 NC50dE) 6% 34, 3125 659735 1268963. 57276, 21 7p

24.96 IEU-G105 NC46(XH) 6%y 24 2375 659735 1307608. 57276, 49297.p

22.82 2541 EU-S135 NC50dE) 6% 2%, 2.625 848230 1551706- 73641 63393:p

5 19.50 22,62 1EU-X95 5L FH 7 3%, 3.625 301087, 1448407. 32144, 62903.b

2193 HEU-X95 H99 6% 34, 3125 501087 176265. 52144, S1220.p

2145 HEU-X95 NCSOXH) 6%s 3, 3375 501087 1109920, 52144, 44436.p

19.50 2262 1EU-G103 54FH 7 3%, 3.625 353833, 1448407. 37633, 62903.b

2215 1EU-G103 L 6'h 3 2.875 e e 37633, b

2193 HEU-G105 NCSOXH) 6% 34, 3125 553833 1268963. 57633 21 7p

e 2348 1EU-S133 5L FH Ty 3 3375 712070, 1619231 74100. —_

2261 IEU-S135 NCESOEXHY 6% 2%, 2.625 TH2070- 1551706- 74100- 63393.p

23.60 28.59 1EU-X95 5%-FH 7 3 3375 671515, 1619231 66192, 62903.b

27.87 1EU-X95 NC30(X1H) 6% 3 2.875 671515, 1416225, 66192, 37534.b

23.60 29.16 1EU-G103 54FH Ty 3 3375 742201, 1619231 73159, —_

28.32 1EU-G103 NC30(XIH) 6% 2% 2.625 742201, 1351706. 73159, 63393.b

23.60 2043 1EU-S133 54FH Ty 34, 3.125 954259, 1778274 94062, T8716.b

5t 21.90 24.53 1EU-X95 FH 7 3%, 3.625 353681, 1448407. 64233, 62903.b

24.80 1EU-X95 HY0 7 3 3.125 353681, 1268877. 64233, b

21.90 2538 HEU-G105 FH Py 3 el i 611963, 1619231 70994, e

2199 26:50 1EU-S135 EH T 3 2875 786809: 1925536. 91278, 86765:p

2470 2785 1EU-X95 EH Ty 3t 3375 629814 1619231 71660- T2213p

5% e 27.85 HEU-G105 FH Ty 3 el i 69611H- 1619231 79204, e

2470 2777 1EU-S135 EH T 3 2.875 894999, 1925536. 101833 86765:p

6% 2520 2715 1EU-X95 FH 8 5 4.875 619988, 1448416 89402, e

2520 2820 IEU-G105 EH 8H,y 4, 4625 685250 1678145. 98812, 83467p

—— 20.63 1EU-S135 FH 8'h 4, 4125 881035, 2102260. el e

2770 3041 IEU-X95 EH 8H,y 4, 4625 676651 1678145. 96640- 83467p

27.70 30.HE HEU-G105 FH 8 43y 4.625 T47250. 1678145, 106813 Sl

27.70 3154 1EU-S133 FH 8'h 44, 4125 961556, 2102260. 137330, 108333.P
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Y 485 EU-ETS NE26 3% RN 41258 34, e 1,945 3, i 1,689
485 EU-E7S WO 33 2 2541 p 34, e 1,994 34, e 1746
485 EU-E75 23/ OHEW 3 2 2716 P 3 g 1723 231/, ey 1484
485 EU-E75 23/ SE-H90 34, 2 3.042Pp 21/, g 1,996 24/, 3, 1726 03
2y 665 TU-E7S 23/, PAC? 2 Py 2.803 P 225, ey 2455 23/, Hes 2,055
665 EU-E7S NE26 33 U 41258 33, ey 2467 35, g 2204
665 EU-E7S 23/ SL-H90 34, 2 3.042Pp 34, 3y 2549 28 g 1,996 03
665 EU-E7S 23/_OHSW 34 ¥ 3.783B 34, 3 2216 By g 1,967
2 665 EU-X95 NC26 33 U 41258 34, Y, 3.005 37, 3t 2734
2 665 EU-G105 NE26? 33 U 41258 3%, A 3279 34, Y 3,005
2y 685 EU-E75 NE3t 44 24 7.074P 34, e 3,154 321/, e 2804
685 EU-E7S 274 WO 4 e 4209 P 3% s 3216 39/, e 2876
685 EU-E75 27/ OHEW? 33, e 3200 P 34, Yy 3290 3% e 2.804 03
685 EU-E75 27/ SL-H90 37y e 4.504P 34, oy 3397 36 e 2.666
2y 1040 EU-E7S NE3t 44 24 7.074-P 38/, E' 4597 33 Hes 3.867
1040 TU-EIS 274 XH 44, SEA 7853 P 32, %, 4357 324, Hea 3.664
1040 FU-ETS NE26? 33 Pl 41258 33 B, 4125 34, i 3.839
1040 EU-E7S 27/ OHSW? 37 254, 5194 p 39/, iy 4411 3%, Hes 4.079
1040 EU-E7S 27/ SE-H90 37 2%, 6.732P 349/, %, 4,529 34/, W, 3770
1040 TU-EIS 27/ PAC? 3y 4 3424 p 34 L, 3.424 3 g, 3424
2% 1040 EUX95 NE3 4 2 7.895 P 39/, 3y 5726 327, e 4.969
1040 EUX95 27/ SL-H90? 37Uy 2545 6732 P 34, 'y 5702 3% Sy 4915
2y 1040 EU-G105 NE31 4y 2 7.895 P 343, B, 6,110 37 e, 5345
2% 1040 EU-S135 NC3+ e Py 10,086-P A e, 7,694 4 5l 6,893
34, 950 EU-E75 NC38 4, 3 7.595P 414, , 5773 44, 3y 4797
950 EU-E75 NE38 44, 24, 10843 P 41/, , 5773 44, 3 4797
950 EU-E75 34, -OHEW 44 3 7.082P 4L, H 5340 44, Hes 4.868
950 EU-E75 34, SL-H90 £y 3 Z469-P Bl Y 5521 4oy 3y 5.003
3, 1330 EU-E7S NE3s £ 24/, 10,843 P 44 nl, 7294 Kl e 6268
1330 IU-E7S NE3 44 24 7.074-P 4 g, 6,893 33/, Bl, 6110
1330 EUE?S 34, OHSW 44, 24, 10300P 404, g 7,278 444, 5, 6299 03
1330  EBU-E7S 3*,H90 54, 2 14.043p 49, H 7064 44 Hes 6:487
1330 EUX95 NC38 5 2% 12.057P 49, s 8,822 494, £ 7785
1330 EU-X95 34, SL-H9¢? 4y 244, HO3P 4y Bl 8742 Fhe N 647
1330 EU-X95 3+, H90 54, 2 14,043 p 45 L, 8.826 4 %y, 7.646
3, 1330 EU-GLO5 NE38 5 2, 13221P 42, i, 9.879 49, W 8.822
3 1330 EU-S135 NC40 EN 2%, 17.858P 5 £ 12,569 49/, 54, 10,768
1330 EU-S135 NE38 5 24 15902 p 48, 2, 12614 42, %, 10,957
3, 1550 EU-EFS NE38 5 2%, 12057P 443, 3y 7785 434, T 6769
34, 1550 EU-X95 NE38 5 e 13221 424, i, 9.879 491, W 8.822
3% el e s 5 2% 15962P ¥, % s 4 5y, D34
1550 EU-G105 NC40 54, 2%, 16616P 45/, i, 1363 424, B, 9.595
3, 1550 EU-S135 NC40 54, 24, 19616 P 53, 2, 14419 434, B, 1963
4 185 EU-E7S NC46 6 3%, 19.937p 5 ey 7,843 5%, sy 6,476
H85 EU-EZS 4WO 53, 37 17.186P T e 7,843 5%, ) 6476
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44

44

4

44

4%

44

185 EUE7S 54, 315, 13,186 P 5 % 7.866 £ 6,593
185 IUEIS 4H90 5t 28/, 21185P Bl g 7630 44, iy 6,962
1400 IU-ES NC40 54, 284, 13.968P L TR 9.017 £, EeS 7.877
1400 EU-E7S NC46 6 34, 19937 p 5%, e 9,233 5%, Het 7,843
1400 HU-EFS 48y Al 2% 9.016P Al L, 8782 4y Bl, 7817
14.00— EU-E7 4 OHSW 54 3%, 16236 P 516 s 9131 5 e 7.839
1400 JUE7S— 4H9 S5 2B/ 21485P  4M Hos—8:986————A7fg Ho————7:630
1400  TUX95 NC40 54, 20, 15319p 45, i, 11363 424, B, 9595
1400 EU-X95 NC46 6 34, 19937 p 53 g 1363 5% R 9.937
14.00— FU-X9 4H90 & 28/ 21185p 5, 3 11.065 VT Sy 9.673
1400 1U-G1o5 NC40 54 2 17.858P 5 o 12,569 494, 5l 10,768
1400 EU-G105 NC46 6 34, 19937 p 5 Yy 12,813 Su, e, 10,647
1400 TJ-G1os 4199 54 28/, 21485P 53, oy 12481 5t 3 1,065
1400 EU-S135 NC46 6 3 23399 p 5% %y 15787 54 i, 14,288
1570 TU-E7S NC40 54, 24/ 15319P 4 K/ 10479 43, Hl, 8.444
1570 EU-E75 NC46 6 34, 19.937p 55 Sy 9.937 54, Hy 8,535
1570 TU-E7S 4H90 54 28, 21185P 431, Sty 9673 4/, y 8305
1570  HU-X95 NC40 54 2%, 17.858P 5 %y 12,569 4%, 10768
1570 EU-X95 NC46 6 3 23399p 5 s 12813 s, 10,647
1570 TUX95 — 4H9O St 2B/ o14gsp S, 4. joAgy  sh, M. 11065
1570 EU-G105 NC46 6 3 23399 p S/, L, 13,547 55/, B, 12,085
1570 HJ-G1os 4H99 54, 28/ 21185P 5%, , 13922 5t B, H770
1570 HJ-S135 NEC46 6 254 26982 B 524, 2/, 18,083 54, A, 15035
1570 EU-S135 NEC46 6 2y 25038 P 524, 2, 18,083 549, i, 15035
1660 IEU-E75 44, FH 6 3 20.620P 5% B, 12,125 5%, 10072
1660 IEU-E7S NC46 &' 34, 19937 P 54/, Bl, 12,085 S e, 10,647
1660 IEU-E7S 4, OHSW 574y 33, 16,162 P 5 Bl, 1,862 53 g, 10375
1660 EU-E75 NE50 6% 33 22361 p 58/, g 11,590 5 % 10773
1660 IEU-ET3 41, H-90 6 3%, 23426 P SHhy e 12215 Sk S 16,642
1660 IEU-X95 44, EH 6 24 23695 P 54, e, 14,945 584, oy 12,821
1660 IEU-X95 NC46 6' 3 19937 p 54, B, 15035 56 Yy 12813
1660—EUX95 — NC50— 6% 3%, 22364 P 5%, 4. 14026 5%, g 13245
1660 IEU-X95 44, H-90 6 3 26.969-P 543, i, 15441 53 B, 13013
1660 IEU-G105 4L, FH 6 2, 23.695P 5% oL, 16391 55, i, 14231
1660 IEU-G105 NC46 6' 3 23399 p 594, 9L, 16,546 54, i, 14,288
1660 EU-G105 NC50 6% 33, 22361 P 59/, i, 16,633 58/, B, 14,082
1660 IEU-G105 44, H-90 6 3 26.969-P 54, e, 16264 5% L, 14,625
1660 IEU-S135 NC46 6' 2 26.615P 525, =/, 21230 524, 24, 18,083
1660 R1-S125 NC50 65 2t V6674 P ﬁ; %u 21 017 53+ 9 12 267
1TO-0v OOt Ea O 00794+ O 16 64 15917 107

2000 IEU-E7S 44, EH 6 3 20.620-P 545, i, 14231 53 Ble, 12,125
2000 IEU-E7S NC46 6' 3 23399 p 54, i, 14,288 58, Ble, 12,085
2000 EU-EFS NE50 6% 3% 24.549p 58/, B, 14,082 N = 12415
2000 JEU-E7S— 44 H9—— 6 3 26060P 5B, . 13815 sHy, g 12215
2000 IEU-X95 44, FH 6 24, 26,528 P 5% 2, 17.861 54, Sy 15,665
2000 IEU-X95 NC46 6' 2 26.615P 524, 2, 18.083 5% %y 15787
2000 EU-X95 NC50 6% 34, 26.674P 543, B, 17,497 57 Bl 15776
2000 IEU-X95 4,390 6 3 26.969-P 5% 9L, 17,929 54/, 4, 15441
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DrillPip New-FooHoint Data Min.  MinBex Make-up Min.  Min-Bex Makeup

ob Shoulder  Forque for OB Shoulder  Torque-tor

S Weight Type Upsct Ob b TForque® Joint wic WearToolJoint Joint tric Wear—Tooloint

i Hh—and-Grade Conbs e e -t i L —— e b

4 2000 Heb-Gs N6 6%y 24 29.578-P 584, B, 19,644 5 e 17.3H
20.00  EU-GLO3 NC30 6% 3t 20,6741 6% g 20,127 526, H Fo-633

4 2000 RBL-S3s NESH 6% 3 34.520-P 6", By 25,569 6 Hyy 21914
5 1950 IEU-E75 NC350 6% 3%, 22361 P 5% ey 13,776 En Bl 14,082
5 1950 JEU-X95— NC50— 65— 3 26674P — 6Y;, e 20,127 5% 17497
1950 HEU-N9S 3-H-90 6 34, 30,732-P 524, ey 19,862 5 , 17H6

5 1950 1EU-G103 NC350 6% 34, 30,730 P 6y iy, 21914 6 Ol 19,244
1950 HHE-GHOS 3-H-90 6 3 34,805-P 5%, 2 21727 586 f——18,940

5 1950 IEU-S133 NC350 6% 2%, 38,036 P 6% V4 28,381 6l SN 24,645
1950 HL-SE35 S'LEH Ty 34, 43328 P 6% B 28,737 6 e 24412

5 23.60  IEU-E75 NC350 6% 3t 26,6741 6%, e 20,127 556 e 17497
2560 HU-ETS S EH ) 3, 377428 6'h , 20,205 [ Bl 17827

5 25.60  1EU-X93 NC350 6% 3 34.520-P 67, B, 25,569 63, Hiy 21914
2560 HH-N9S S EH 7 3t 377428 62y, e, 25483 6% 22204

5 25.60 1EU-G103 NC350 6% 2%, 38,036 P ™ 16 27437 6%, Yoo 23728
2560 HH-GHOS SYFH P4, 34 43328 6345, B, 27,645 6%, g 2442

5 25.60 IEU-S135 5L EH T,y 34, 47230 B 6%, L, 35446 6%, Bl 30,943
5 21.90  IEU-E75 5L FEH 7 4 3342 P 6%, e, 19,172 644, Ble, 17,127
5 2190 HU-N95 S, EH 7 3%, 37,7428 6% She 24412 613 ey 21246
2190 HU-N95 514, H-90 7 34, 34.820-P 66 BN 24414 6Ol 21349

5% 2190 IEU-GI05 S'LEH 7 3, 43328 P 63, 2, 27.645 64, e 23350
5 21.90 IEU-S135 5L FEH P 3 52,059 P 6%, B, 35446 [ By, 30,943
5 2470 HEU-ETS S, EH ) 4 334H2P 6y % 22204 6%, ey 19,172
5 2470 1EU-X93 5L FH T,y 3t 43328 P 634y, B, 27,645 6495, e, 23350
B 2470 HH-GHOS 5L FEH Ty 34, 43328-P 64y, B/, 29836 [ iy, 20,560
5 2470 IEU-S135 5L, FH P 3 52,059 P THn 3/, 38.901 6 L, 33,180
6% 2320 IEU-E75 6L FH 8 5 43934 P Pl H, 26,810 Pls e 24,100
1EU-X93 6% FH 8 5 43934 P Py B, 35,139 I 3 29,552

02 6% FH 8 ¥l 552862 P s 37,983 oL, 2o, 33730

HU-S135 6L FH 8t 4, 65,012-P P9, ey 48204 P, EN 42312

6% 2770 HEU-ETS 6%/ FH 8 5 43.934-p T % 20552 L, e, 25451
HEU-X95 64 FH 8H,y 4y 51,280-P P N 37,983 Pl e 32,329

EU-G105 65713-FH 8“114 43114 5—17289—9 7 4 B/ 12 49;869 724, 7[22 23 &4 36,556

IEU-S135 6%l FH 8L 44, 65,012 P 8 i B Py R 4524+
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Table 11—Buoyancy Factors

M @ ©)
Mud Density 1b/gal Mud Density Ib/cu ft Buoyancy Factor, Kb
84 62.84 872
8.6 64.33 .869
8.8 65.83 .866
9.0 67.32 .862
92 68.82 .859
94 70.32 .856
9.6 71.81 .853
9.8 7331 .850
10.0 74.80 .847
10.2 76.30 .844
104 77.80 .841
10.6 79.29 .838
10.8 80.79 .835
11.0 82.29 .832
11.2 83.78 .829
114 85.28 .826
11.6 86.77 .823
11.8 88.27 .820
12.0 89.77 817
12.2 91.26 814
124 92.76 811
12.6 94.25 .807
12.8 95.75 .804
13.0 97.25 .801
13.2 98.74 798
134 100.24 795
13.6 101.74 792
13.8 103.23 789
14.0 104.73 786
14.2 106.22 783
144 107.72 780
14.6 109.22 777
14.8 110.71 774
15.0 112.21 771
15.2 113.70 768
154 115.20 765
15.6 116.70 762
15.8 118.19 759
16.0 119.69 756
16.2 121.18 752
16.4 122.68 749
16.6 124.18 746
16.8 125.67 743
17.0 127.17 740
172 128.66 737
174 130.16 734
17.6 131.66 731
17.8 133.15 728
18.0 134.65 725
185 138.39 717
19.0 142.13 710
19.5 145.87 702
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ke “hrcads Faper Fhread S oF
Style—Sixc (Fapered) Perin: infft Form* Interchanges With
Internal Flush-(LE) 2 2876 4 2 V-0.065 27/, Skim Hole
Hi+) nss 4 V-5-66: 3
OL0038Ry— N.C-26°
2 3.394 4 2 V-0.065 3+, Slim Hole
V-0.038R)— N.C.312
34 4046 4 2 V-0-065 4+, Slim Hole

44 5250 4 ) 7.0-065 ExtraHol
-+ =06 Fovtea-Hol
OV-0-038R) NC_50°
A-H03819 N
5*, Double Streamline

Fullllole¢FIly 4 42804 2 V0065 4", Double Streamline

Extra le- (X ) (E ) 27 31327 4 ) V-0-065 3+, Double-Streamline
EXH oA+ £ = 7 4 V—9-0o: 2
3y 38124 2 V0065 ASlmHele
OV-0:038Ry 4%/, External Flush-
4o 4834 4 2> V0065 4Internal Flush
OV-0.038R)y——— N.C-46°
52350 - 2 V-0.065 4/, Internal Flush
4 V—9-0o- G F
O0.038Ry—— N.C-50°
5/, Double Streamline
Slim H- (S ) 27 2 Q76 4 o) 0065 23/ Internal- Flush
O HAFHOIC D117 £y “ V=00 £y
QO0038Ry—— N.C-26°
34 3391 4 2 V-0.065 2/ Internal-Flush
(V-0.038R) NC 312
4 3812 4 o} \-0.065 3+, ExtraHole
Ot “ V=00 > 72
V-0-038Ry— 4*/ External Flush
4* 4016 4 2 V-0-065 34 Tnternal Elush
ovEav) “ V=00 D 12

2

|

=
W
~
)
0
D
~
S
<
P
o
[}
n
N
b2
£
=

s 5250 4 2 V-0.065 41/ Tnternal Flush
N.C50°
. 26 2 RT6A 4 2 7 0 0N3RR ’73)[ —l'ﬂ‘tema‘l_Fhi‘Sh
Numbered-Connection (P (;) S 4 V \SSaese g
27/ SlimHele
21 2201 4 2 7 0-02RR ’)%{_Iﬂtema_l_pl,ush
T 4 \amcocsies s g
3/, SlimHele
38— 4016 4 3 0 VOO38R— 3%/ Internal Flush
4, SlimHele
40 4220 4 2 7 0-02RR 4 EFuyll Hole
4 4280 4 \-0-038F 4 Eull Hole
4/, Double Streamline
46— 4834 4 2  VOO038R 4 Internal Flush
4 ExtraHole

50 5950 4 o) 7.0-038R 4, Internal-Elush
ZoY “ VU5 oF “
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| oo
loo

gth

Torsional yield str:

00s°¢

0sc'e

ft-lb

000°¢

Recommended make-up torqu

0S.°L

3.500

3.250

‘'O Xog julor [o0L

3.000

00S°}

7750

Tool Joint Pin I.D.

3/s-\Wide-OpenTorsional Yield-and-Make-up

l oo

|00

0s¢c

000°¢

0981y

095y

0S.°L

3.375

3.125

"0 Xog JUIof [001

00S°L

2.875

Tool Joint Pin I.D.

*a-SLH90 Torsional-Yield-and-Make-up



00]

00

00|

00

22

APl RECOMMENDED PRACTICE 7G

Tool Joint Box O.D.
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Tool Joint Box O.D.

Tool Joint Box O.D.

13600

4.000
3.750
tonal yield strength
ft-lb
Recommended make-up torque
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]
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Figure-9—2'/s-Open-Hole-Torsional-Yield-and-Make-up
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APl RECOMMENDED PRACTICE 7G

H—)—H—H———O——Hh——H——hHh—2)—B)—14
Drill
Coll Drill-Collar IDincl

Ob;
inches 1 1y e Pl 2 24 ot 213, 3 3%, 3t 33 4
2% 19 18 16

3 23 20 18

3 2 22 20

34, 26 24 22

3 39 29 27

3%, 35 33 32

4 40 39 37 35 32 29

4y 43 4 39 37 35 32

44, 46 44 42 40 38 35

4 51 50 48 46 43 41

44, 54 52 50 47 44

5 61 59 56 53 50

54, 68 65 63 60 57

54 75 3 70 67 64 60

53, 82 80 78 75 ) 67 64 60

6 90 88 85 83 79 75 ) 68

6" 98 96 94 91 88 83 80 76 )

6'h 107 105 102 99 96 91 89 85 80

6% Heé 14 1 108 105 100 98 93 89

7 125 123 120 17 14 1o 107 103 98 93 84
e 134 132 130 127 124 H9 He H2 108 103 93
Ph 144 142 139 137 133 129 126 122 H7 H3 102
Pl 154 152 150 147 144 139 136 132 128 123 H2
8 165 163 160 157 154 150 147 143 138 133 122
8% 176 174 7 168 165 160 158 154 149 144 133
8% 187 185 182 179 176 172 169 165 160 155 150
9 219 208 206 203 200 195 192 188 184 179 174
9 234 232 230 227 224 220 216 212 209 206 198
9L 248 245 243 240 237 232 229 225 221 216 21
10 261 259 257 254 251 246 243 239 235 230 225
H 317 315 313 310 307 302 299 295 201 286 281
» 379 377 374 371 368 364 361 357 352 347 342




RECOMMENDED PRACTICE FOR DRILL STEM DESIGN AND OPERATING LIMITS 35
Table 14—Recommended Make-up Torque’ for Rotary Shouldered Drill Collar Connections-
(€5, 2 &) 4 &) {6) 5} &) ) 9) &b 42 43 &4 45
Connection Minimum Make-up Torquefi-1b?
oD, Bore-of Drill-Collar-inches
Size Fype i 1 Fh ¥ P 2 2h——2% W, 3 3% 3% EV
AP NC23 3 #2508 #2508 #2508
34, #3330 #3330 2647
34, 4000 3387 2647
2% Regular 3 241 22241 1749
3% #3008 2574 1749
34, 3285 2574 1749
2% PAC 3 #3797 #3797 2926
3t 4966 4451 2,926
3% 5206 4451 2926
2% APHE 3% 4606 24606  3:697
API  NC26 3, 5501 4668 3,697
2% Regular 3% #3838 #3838 #3938
3 5766 4951 4002
3% 5766 4951 4002
2% SkmHele
2% ExtraHele 33, #4089 #4089 #4089
3'4 Double Streamline 3% #5350 #535) #5352
2%  Mod-Open 4 #8059 #3059 7433
2% APHE 3 #4640 4640 *4.640 #4640
API  NC3} 4, #7390 #7390 #7390 6853
3%, Regular 4 6466 26466 6466 6466 5685
44, #7886 7886 %7886 ZHS5 5685
4% 10471 9514 8394  ZHS5 5685
3% SlimHele 44, #8858 #8858 8161 6853 5391
4%, 10286 9307 816l 6853 5391
API  NC35 4% #0038 #0038 20038 74
&4, 12273 10826 9202 74H
5 12273 10826 9202 74H
3%, ExtraHole 4, 5161 #5461 #5461 #5161
4 StimHele 44 28470 #8479 28479 &34
3%, Med-Open e 2074 H803 10444 Z3H
5 13283 14803 10444 83H
54, 13283 14803 10444 834
3% APHE 4 #0086 $9986 *9986 998 8315
API  NEC38 5 13949 #3049 12007 10977 8315
4% ShmHole 5% 16207 14643 12907 10977 8345
5% 16207 14643 12907 10977 8345
3% H90' 44, #8786 #8786 %8786 8786 8786
5 #2704 #2794 #12794 212794 10408
5% *17.094 16929 15137 13151 10468
5% 18522 16929 15137 13151 10468
4 Full Hole 5 10910 *10.910 *10.910 *10.910 *10.910
API | NC40 5% 15200 #5290 #5290 14969 12125
4 Mod-Open 5% #19.985 18886 17028 14969 12125
4% Double Streamline 5% 20539 18886 17028 14,969 12425
6 20539 18886 17028 14,969 12425
4 H-90* 54 12590 *#12:590 *#12:590 *12:590 *12;590
5% #7401 *17401 *17401 17401 16536
54 #2531 #2531 20714 19543 16536
6 25408 23671 25714 19543 16536

6" 25408 2367 25H4 19543 16536
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Table 14—R led Mal T +for R S Id | DrillColl C n :s . |:
Jah) (2) (3) 4 (5) (6) (7 (]) Q) (10) JAERY (12) (13) (14) (15)
A\ =) A\CH ALY 7 A4 AN o7 A\ 1Y) AR 1= 17 T A\
Conneetion M - Make-up Torauefi-1b?
Minmmum-Make-upToerquett-lb
Ob; Bore-of Drilt- Collarinches
i i 3 3
OO—I—S*'ZH‘P@ e ! 1, 1 1 2 24, 2 28/ 3 3y 3t 34
4 1 *15 576 *15 576 *15 576 *15 576 *15576
g%%@l-lﬂf% 15 154 105079 15 O 15979 15079
53 £30-609—%20-609—*20.609 19601 16629
4 5 05 56 19,601 1656
60— 25407 23,686 21,749 19,601 —16;629
64 25407 23 686 21749 19601 16-629
4 ;40 563 4 19,601 1656
3 * * * *
APL—NE4M4——— 520,805 20,895 *20,805 20,895 —18;161
—_— - e Ll
g > 5 5 g
64 27300 2551023493 21257 18 161
4 7300 >+ 4 15257 18161
Yy 27300 2551023493 21257 1816}
&' ; 5 5 5 g
4* APLEul Hol 5t %12 073 *12073 %12 Q73 %12 Q73 %12 Q73
APHaH-Hok 12,97 125 125 97 12
3 * ES * %
St RH RO R HO R H9 17,900
6 %73 605 %23 60 23 028 190.021 17.900
B B B g 7y x K7
| 64 27994 25972 23 (008 19921 17.900
00 4 294 5 ;028 10921 175
Yy 27204 25372 23038 10021 17000
| 6'% ; : e ; :
4% Extra Hol 3/ %17 73Q %1773 *1773Q %1773
ExtraHeole 4 B3B38
AP NC 46 6 %93 429 %93 429 29424 20311
6 6 4 4 426 03H
4 APLIE 6" 22 021 25 676 22426 20311
4 \P1E 4 &;021 6 4 031
4% i * 28 021 25 676— 22426 20311
e 45021 676 426 03H
5 Double Streamline 63/ 22 021 25 676 22 426 20311
4 <5021 676 426 0;3H
44— Meod-Open
e HO0R S EIR019 FIR0I9 FIR0I9 18019
4 ta 5 5 5 3
6 %73 £Q1  *73 £91 23159 21051
;681 ;631 s+ 15051
64 28732 261307 923150 21051
& S5 6397 ++ 1031
6 28732 9461307 23150 21051
&5 6397 + 15051
6% 28732 9461307 923150 21051
& 857 6397 ++ 1051
4 + # ES S
S—HW—— 2536025360 *25360—25;360—23,988
6 %31 805 %31 Q05 20 400— 27 167 23 088
18 18 ;400 s+ ;988
6% 352092 32825 190400 27167 23 088
& 5 58 ;400 H67 ;988
o] 352092 32825 90400 27167 23 088
7 5 & ;400 s+ ;988
+ + ES # ES S 3
A—APHE————— 6 f—————————————————————————————#23,004#23,004—*23,004—23;004—*23,004
APL_ NC 50 & %70 679 %20 79 %20 §70 %20 679 26 675
APL 5 5 67 67 6567
5 ExtraHole 63 %36 742 35 894 32977 900966 26675
Extra-Hok 6774 4 824 277 5 5
5 5 5 5 5
5t Double-Streamline—7'/ 38279 35 824 32977 20 966 26675
2 4 o5 o= =1 5 5
5 Semi-IE 7+ 38379 35894 32977 190066 2667
Semt-TF 7 3824 217 ;966 6;67
) H-90% 6% %34 508 %34 508 %34 508 34142 20781
2 O 7y AV mrTAvAe] ErTAvAel TR an s U5 7ot
7T 1993 40T 36501 34142 30781
5 5 g g 5
74 42719 40117 36501 34142 30781
4 4271 4017 6501 414 0781
74 42719 40117 36501 34142 30781
4271 4017 6501 414 0781
1 3 * ES % S
Sth—APHRegular——64—————————————————————————————————————————$31.041 31,041 *31.041 *31.041 30.495
7 %30 410 %30 419 36235 33 268 30495
4H 4 6; 868 04
e 42481 3986636235 33,868 30,495
Ty 5 5 5 5 5
74 42 481 30.866— 36235 33868 30495
42481 & 65 868 04
+ ES ES ES S *
Sh—APHulHole——F——————————————————————————————————————#32.762 #32.962 32763 32762 32762
2 ES ES S * *
Pl *40,098#40,098 40,008 —*40,998 40,998
74 %409 661— %49 661 47-756— 45190 41533
49:661—*49:661—47756—45190—41
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1 (2 3) 4y (5) (6) ViaAY () (O 10) VAR RY 2 13 a4y a5)
A\ =) A\CH ALY 7 A\ AN o7 A\ 1Y) AR 1= 17 T A\
Ceonnection MinimumMake-up Torauefi-162
e e
OD: e e i
Size—Fype HE } Py 1‘L Py 2 24 2 2856 3 34, 3! 3%,
_1_0*4 *1") ,’)A’l *1’)(;)6’2 *1") ”)6’1 *1’) ,’)K’l *1’)(”76’1 25’“34
+ £ £
104 T T HA34—36 446130777 125034
8%  H-90* 10 B T At
+ * * * £ £ *
104 #130:063-130:063-130:063-130:0632130:063 130063
7 H-90* 8% £68:06+ 6806+ 67257 62845 A3
g g g 5 5
Gvithow-torquetace) 9 T4235  H36E 67257 62m4s S
Py APIRegular 9y *73.099 73099 *73.099 73090
(withJow-torque face) 9% ERO403 ERGA63 R2457  TT2RY
00 9y 91,789 87292 82457  77.289
10 ORTNO RT292 0 R245T TT2NY
P H90* 9y F9L667  *91,667  *91.667  *91.667  *91.667
. £ £ £
fwithdow-torque face) 10 E1006.260-2106.260-5106.260 04171 98804
10 HHTH2 38509488 104171 98804
104 HTH2 3RS 09488 104171 98804
5 3 * £ % £
8% APFReeular 10°4 FP2883 F L2883 F L2883 #2883
. * * % *
(with-lowtorque-face)  H F130.672- 2130672 F130,672-#130.672
: 147616142430 136846130871
Hh 5 5 g 5
8% H-90* 10% #02.960-—292.960-—592.960—*92.960
3 4 5 5 5 5
. * * * *
(with low torque face) 11 FL10.781 #0781 #0781 *110.78 1
+ * * * *
HYy #129:203-41329:203-#4329.203-#439.203

1623 APTTE APINC 26, and 27/
BOX-is-the-weakermember:




39

RECOMMENDED PRACTICE FOR DRILL STEM DESIGN AND OPERATING LIMITS

11
™

RaE

&PFADX |

-

i

TO CBTAN BENMDCING STREMGTH RATIO MEATJIRE GO & 1 DF DRILL GOLLAR

AT FOINTS SHOWM 1IN ABRODVE ILCUSTRATION

Do —ay O -9 Fwl=uE

o c4 20 1’3

3%

L E 25 20 15

BENDING STACMGTH RatiD

35

DEMOIMG STHENGTH RATIG

Ho—and-1¥s-Inch-1D



APl RECOMMENDED PRACTICE 7G

40

170

I

3%

)

LLEOLLAR

oM

uo & o gF

RE

—+
-

ik

i

oWl O -« FuwlF-LI

TO aTaIN BEHDIMNG STHEWGTH RATID ME A5

g zn 20

BEHGING STREMGTH Ra™|0

35

13

BEWHMG SITREMGTH RATID

Ha-trehD



41

RECOMMENDED PRACTICE FOR DRILL STEM DESIGN AND OPERATING LIMITS

“

[ p A

HEH T

ERELEILIE

] 08 A
0=

15

——

1

-

D

F-

& L

h

x|

1
[
I.?__ L]

1

DRILL COLL &R
q

a3
Yo-lpeh-1B

L |
BEHCIMG SEREMNGTH RATID

35

AT FOIWTE SkOnvhe I ABOVE ILLWSTRATIOHW
oK 2a 15

BEMMHMG STHRENGTH RATIR

O CATAINBENDING STRENGTH RATIO MEASURE Q0 & LD OF
L14|

5
_'_,r-l

DOFP-0p O -2 FuFwik

A



APl RECOMMENDED PRACTICE 7G

42

Taedrili]

REMSTH AATIG MEASURE QUG & 1D QF QRHLL COLLEAR

CE T4 BE MCIMG 5

15

fa
ru 9
-
e
g
n E
R
-
Ll
. x
._U..___ﬂ_
_am
&
"
z |mim
=4
-
o
o
L
)
=
-
-
- [l
w|— o
o £
m -
2 (3
o
z E_m_
ko =
gl .2
I [ 8 o
L PR
[ 4] =
- F
F =1
ooz
a | = owr
- o
=

1+ —
m -3

SCaordfl-—ocp og—mFIyyFFum

2
Ve

Blis-tneh1B



43

RECOMMENDED PRACTICE FOR DRILL STEM DESIGN AND OPERATING LIMITS

R

25 z
TR T TTEIEIETE

3a

LY

i~ | LPPRGZ

3"
AFPHUX |

k

Jﬁ.ull..l.l_.
fu o
=
i)
=)
2 |ae
= a
T
gyt g N o e S 3 - I
....—....l . o= i
1ot £ o el
e O o
S
5 |ok
- 2o
ofl 1.__G
& 2
4 F
Lt ¥ tar
g = |
s
g
L
¥ o
I
=0
.|
cE
TELlE
= (=
wowm x| =
Hm o
bl ar
o x
el o= [
. 't
Er| =z
SE| %
N.m [ =
w n
al | b
N
by
o
[ Y :.w“
]
rn__
|
m

oW - O O

'Y FNRTEN]



APl RECOMMENDED PRACTICE 7G

44

14311

=1

Tr-FT LI iica /i

._d

Th

vir[ri-dr hnuh_.......".. -

O - DOy o — & 3w i

HENGTH PAT IO MEASURE 00 A& 10 GF DRILL COLL &R

AT POIMTS SHOWH IW ABOWE ILLUSTRATIDN

TS QB TAIMBEM MG 5

1
J

35

h 2o 15
EEMDIMNG STAEMRGTH RATIO

A0

15

=0 1 h

25
HEMMHHEG STRERGTH RATIO

2a

*a-Inch-AD



45

RECOMMENDED PRACTICE FOR DRILL STEM DESIGN AND OPERATING LIMITS

L]

1.5

BEMDIMNG STREMGTH RETIG

BEMNDING STREMGTH RATIO

— T
e
i x
[T ] W [T
”T. ,.z/.nu: 3
Hdt T r
o Bttt z ¥
mTh ] : i
Hepsn i b - L
D | o
_u_m_-"..:.—._ . = o
g iEanE i o |®
" ¥ 3
_.u_A - W
oy o
£g
3 -
il oF
Fao
o
EE!
P
- d .,
r F_Hln.__
W =W
- -.r'TE -
= =
E =]
¥ o
L =
' nl_._.w ™
L- L]
¥ z 3
E ac
I Er|=
P L T Tl e T e ] [ L e L S T T - e
Hily H.r..u.
=
"
O o | e
L
= o ke : oinin A T SR TP i el ST ST EETR RIS e
m . . "
iy - - = r a m & ) & ] m w =

SSEVI- SOy Oo--8Fw-wk

Yo-lpeh-1B



46 APl RECOMMENDED PRACTICE 7G

: : . i kelly it should be full

hexagonalseetion:

7 Design Calculations
7.1 DESIGN PARAMETERS

It is intended to outline a step-by-step procedure to ensure
complete consideration of factors, and to simplify calcula-
tions. Derivation of formulas may be reviewed in Appendix
A. The following design criteria must be established:

a. Anticipated total depth with this string.

b. Hole size.

c. Expected mud weight.

d. Desired Factor of Safety in tension and/or Margin of Over
Pull.

e. Desired Factor of Safety in collapse.

f. Length of drill collars, OD, ID, and weight per foot.

g. Desired drill pipe sizes, and inspection class.

7.2 SPECIAL DESIGN PARAMETERS

If the actual wall thickness has been determined by inspec-
tion to exceed that in API tables, higher tensile, collapse, and
internal pressure values may be used for drill stem design.

7.3 SUPPLEMENTAL DRILL STEM MEMBERS

Machining of the connections to API specifications and the
proper heat treatment of the material shall be done on all supple-
mental drill stem members, such as subs, stabilizers, tools, etc.

7.4 TENSION LOADING

The design of the drill string for static tension loads
requires sufficient strength in the topmost joint of each size,
weight, grade, and classification of drill pipe to support the
submerged weight of all the drill pipe plus the submerged
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ARy (2) (3) 4 (5) 6) (7) (8) (9) (10) an
A\ =7 &7 A4 &7 7 7 AS A AV
Pressure-at
..
LowerPin ConnectionWintmaum’ Yieldin Minimum
‘Fensile-Yield Torsional-Yicld Bending Yicld
Reecom-
Keely-Size Keelly mended— FowerPin Brive EowerPin Brive Fhrough Prive
andType Bere Size-and ob Casing OD Connection"  Section Connection Section DriveSection Seetion—
g e Style e i ) b f-1b #-1b fi-1b psi
24, Squar 1, NC26 33 4+ 416000 444400 9 650 12 300 13000 20 200
Seuare 14 N 4 246,00 1444 5 125 13,000 B
@R
3 Sauar 13 NC3] 4* + 35000 582 500 14450 19.500. 22 300 25 500
Seuar 14 NG 4 ;00! 82;500 144 19 5300 >0
Q7R
34/, Sguar 24 NC38 43/ V< 724000 725200 29 700 22 200 34200 29200
Sepuare 4 N3 44y s 5 725;200 5 35 b 5
@BLIE
4%/, Sguar 243 NC46 6/ Q5 1.054-000 1047000 30 350 49 100 60300 19500
4oqUare 16 N s 7Y 1599509009 1599759099 T AT \*FTeAvAY 17500
4%/, Sguar 243 NC50 <) Q5 1.375200 1047000 55810 49 100 60300 19500
4oUarc 16 ™~ 7Y 15 [raAvacy 1S U97509009 SOt AT \*FTeAvAY 17500
@R
54, Sauar 34 12E 7 95 1-609-000 1.703-400 72 950 99400 117-000. 20-600
4 OGHaE 4 1H2FHH 7 s 15609;000 157035400 725 4 700 0,60
3 5 1+ NC26 33 4+ 356000 540500 2300 20400 20000 26700
Hex 1 4 6,000 40:500 &5 0,400 0,000 6,700
Q3R
34, Hex 17, NC3] 4+ 5t 495 000 710-000 13400 31400 31200 25 500
e T ™ T “ G7O05990 71TU;09909 1TI5;7499 159099 15209 CEAYAY
Q7R
4 Hex 24, NC38 4 3 724:000—1046;600 22700 56,600 56,000 25.000
4 & 4 g B B 3 3 5 > B

5, Hex 3 NE46 6y
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514" 2.05"
6" 1.50"

41" 85"
5" 1.25"

Small
contact
angle

31 1"
41/4|| | 1 05

Kelly Size
R
Q

Flat surface
no curvature

217" "
. __ s 1 squre
|.70" ] Hexagonal
75 00 .25 150 75 .LU 25

Maximum Wear Pattern Width (inches)

on calculations using minimum and maximum clearances and contact angles
able 16 and is accurate within 5 percent.

£ 13 NewKellv-NowDrive 4 oy

& B &) “ ) (©) ) ®) ©
Hexason Sauar
Hexagen Square
Kelly ForMintmum Contaet— ForMaximn Contaet ForMintmun Contaet— For-Maxtmnn Contaet—
Stre Clearanee Aarede learanee Asede Hearanee Aaede Cleardanee Ahufe
2 — — — — s 610 +07 +6°29°
3 HHS SHE -He0 22 HHS 30 7 5=
3, HHS bt -He0 32 HHS S 7 2
44, s 448 060 934 s 4045 =423 13236
5%, HHS o -He0 N2 HHS A 423 426
6 HHS 2 -He0 S — — — —
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Table-17—Strength-of Remachined Kellys'
& (S] & “ & ®) (3] € 9 &0
and Type and Type Bore Size-and ob Connection’ Section Connection Section Sesian
i+ it it Sevele it 118 118 it fi-lb fi-1b
4, Square 4-Square 24y NESO 6% 1344:260 834,460 55;5600 36,200 47,800
“HLIE
4%, Square 4 Square Pk NEC46 6 16+,600 834,400 38.300 36200 47.800
41
5%, Square 5 Square 3 St IE Pl 1924300 1217600 92,700 65,000 90.200
5%, Square S-Sequate 3% 5'LEH 7 +356:860 4247600 58960 65:600 96:200
5/, Hex 4%/, Hex 34, NC46 6%y 809:800 +077100 30;600 68600 74;000
1R
5, Hex S Hex 34, NC46 6y ROYRO0 196800 30,600 TN500 {3300
1R
5/, Hex S-Hex 3, NCS0 6% 999,900 +077:600 40;800 100 78,400

weight of the collars, stabilizer, and bit. This load may be cal-
culated as shown in Equation 1. The bit and stabilizer weights
are either neglected or included with the drill collar weight.

P=1(Lap x Wap) + (Le x W)1 Kpy )
where
P = submerged load hanging below this section of drill
pipe, lb.,

Ly, = length of drill pipe, ft.,
L. = length of drill collars, ft.,

Wa, = weight per foot of drill pipe assembly in air,
W. = weight per foot of drill collars in air,

K, = buoyancy factor-see Table 11.

Any body floating or immersed in a liquid is acted on by a
buoyant force equal to the weight of the liquid displaced. This
force tends to reduce the effective weight of the drill string
and can become of appreciable magnitude in the case of the
heavier muds. For example, from Table 11, a one-pound
weight submerged in a 14 1b./gal. mud would have an appar-
ent weight of 0.786 1b.

Tension load data is given in Tables 2, 4, 6, and 8 for the
various sizes, grades and inspection classes of drill pipe.

It is important to note that the tension strength values
shown in the tables are theoretical values based on minimum

areas, wall thickness and yield strengths. The yield strength
as defined in API specifications is not the specific point at
which permanent deformation of the material begins, but the
stress at which a certain total deformation has occurred. This
deformation includes all of the elastic deformation as well as
some plastic (permanent) deformation. If the pipe is loaded to
the extent shown in the tables it is likely that some permanent
stretch will occur and difficulty may be experienced in keep-
ing the pipe straight. To prevent this condition a design factor
of approximately 90 percent of the tabulated tension value
from the table is sometimes used; however, a better practice is
to request a specific factor for the particular grade of pipe
involved from the drill pipe supplier.

P,=P,x09 )

where
P, = maximum allowable design load in tension, Ib.,
P,

0.9 = aconstant relating proportional limit to yield
strength.

theoretical tension load from table, Ib.,

The difference between the calculated load P and the max-
imum allowable tension load represents the Margin of Over
Pull (MOP).
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MOP=P,— P 3)

The same values expressed as a ratio may be called the
Safety Factor (SF).

4)

The selection of the proper safety factor and/or margin of
over pull is of critical importance and should be approached
with caution. Failure to provide an adequate safety factor can
result in loss or damage to the drill pipe while an overly con-

servative choice will result in an unnecessarily heavy and
more expensive drill string. The designer should consider the
overall drilling conditions in the area, particularly hole drag
and the likelihood of becoming stuck. The designer must also
consider the degree of risk which is acceptable for the partic-
ular well for which the drill string is being designed. Fre-
quently, the safety factor also includes an allowance for slip
crushing and for the dynamic loading, which results from
accelerations and decelerations during hoisting.

Slip crushing is not a problem if slips and master bushings
are maintained. Inspection class also grades the pipe with
regard to slip crushing.

Normally the designer will desire to determine the maxi-
mum length of a specific size, grade and inspection class of
drill pipe which can be used to drill a certain well. By com-
bining Equation 1 and either Equation 2 or 3, the following
equations result:

P,£09 WL,
SFEWspHEKy Wy

=Ly ®)

and/or
P,£0.9-MOP WL
Wap & Kb Wep

(6)

If the string is to be a tapered string, i.e., to consist of more
than one size, grade or inspection class of drill pipe, the pipe
having the lowest load capacity should be placed just above
the drill collars and the maximum length is calculated as
shown previously. The next stronger pipe is placed next in the
string and the W L term in Equation 5 or 6 is replaced by a
term representing the weight in air of the drill collars plus the
drill pipe assembly in the lower string. The maximum length
of the next stronger pipe may then be calculated. An example
calculation using the above formulas is included in 7.8.

7.5 COLLAPSE DUE TO EXTERNAL FLUID
PRESSURE

The drill pipe may at certain times be subjected to an exter-
nal pressure which is higher than the internal pressure. This

condition usually occurs during the drill stem testing and may
result in collapse of the drill pipe. The differential pressure
required to produce collapse has been calculated for various
sizes, grades, and inspection classes of drill pipe and appears
in Tables 3, 5, 7, and 9. The tabulated values should be
divided by a suitable factor of safety to establish the allow-

able collapse pressure.

Pl ™

where
P, = theoretical collapse pressure from tables, psi,
SF = safety factor,
P,. = allowable collapse pressure, psi.

When the fluid levels inside and outside the drill pipe are
equal and provided the density of the drilling fluid is constant,
the collapse pressure is zero at any depth, i.e., there is no dif-
ferential pressure. If, however, there should be no fluid inside
the pipe the actual collapse pressure may be calculated by the
following equation:

LW,
= 8
19.251 @®
or
Lw
P.= — 9
144
where

P. = net collapse pressure, psi,

L = the depth at which P. acts, ft.,
W, = weight of drilling fluid, 1b/gal,
Wy = weight of drilling fluid, Ib/cu. ft.

If there is fluid inside the drill pipe but the fluid level is not
as high inside as outside or if the fluid inside is not the same

weight as the fluid outside, the following equation may be
used:

L We-(L- V)W,

F.= 10
19.251 (19)
or
L Wr-(L-YW}
p - - (L-)Wy an
144
where

Y = depth to fluid inside drill pipe, ft.,
W," = weight of drilling fluid inside pipe, Ib/gal,
W' = weight of drilling fluid inside pipe, lb/cu ft.
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7.6 INTERNAL PRESSURE

Occasionally the drill pipe may also be subjected to a net
internal pressure. Tables 3, 5, 7, and 9 contain calculated val-
ues of the differential internal pressure required to yield the
drill pipe. Division by an appropriate safety factor will result
in an allowable net internal pressure.

7.7 TORSIONAL STRENGTH

The torsional strength of drill pipe becomes critical when
drilling deviated holes, deep holes, reaming, or when the pipe
is stuck. This is discussed under Sections 8 and 12. Calcu-
lated values of torsional strength for various sizes, grades, and
inspection classes of drill pipe are provided in Tables 2, 4, 6,
and 8. The basis for these calculations is shown in Appendix
A. The actual torque applied to the pipe during drilling is dif-
ficult to measure, but may be approximated by the following
equation:

HP £ 5,250
T=—> """

RPM (12)

where
T = torque delivered to drill pipe, ft-1bs,

= horse power used.to produce rotation of pipe,
R 16[ = revofu%ons per mmu]t)e. PP

Note: The torque applied to the drill string should not exceed the actual tool
joint make-up torque. The recommended tool joint make-up torque is shown
in Table 10.

7.8 EXAMPLE CALCULATION OF A TYPICAL
DRILL STRING DESIGN—BASED ON MARGIN
OF OVERPULL

Design parameters are as follows:

a. Depth-12,700 feet.
b. Hole size-7"/s inches.
¢. Mud weight-10 Ib/gal.
d. Margin of overpull (MOP)-50,000 1b. (assumed for this
calculation).
e. Desired safety factor in collapse-1'/s
calculation).
f. Drill collar data:
1. Length-630 feet.
2. OD-6'/4 inches.

3. ID-2!/4 inches.
4. Weight per foot-90 Ib.

(assumed for this

If the length of drill collars is not known, the following for-
mula may be used:

_ Bitlvm
cosa E NP E ky E W,

where
L. = length of drill collars, feet,
Bit,,, = maximum weight on bit, b,
o = hole angle from vertical, 3 degrees,

NP = neutral point design factor determines neutral
point position e.g., .85 means the neutral point
will be 85 percent of the drill collar string length
measured from the bottom (.85 assumed for this
calculation),

K, = buoyancy factor, see Table 11,

W. = weight per foot of drill collars in air, Ib,
40,000

L(: = 5
998 & .85 €& .847 & 90
= 618 feet, closest length based on 30 foot collars,
= 630 feet or 21 drill collars.

g. Drill string size: weight and grade-4'/; in. x 16.60 1b/ft x
Grade E75, with 4/ in., NC46 tool joints, 6!/4 in. OD x 3'/4
in. ID, Inspection Class 2.

From Equation 5:

(P, £.9)-MOP W EL

Ldpl = -
del EK, del
(225771 9)-50,000 90 630
18.37 & .847 18.37

= 9846 - 3087 = 6759 feet

It is apparent that drill pipe of a higher strength will be
required to reach 12,700 feet. Add 4!/, in. x 16.60 Ib/ft Grade
X-95, with 4!/, in. X.H. tool joints, 6'/4 in. OD x 3 in. ID
(18.88 1b/ft) Inspection Class Premium.

Air weight of Number 1 drill pipe and drill collars:

Total weight = (Lap1 x Wap1) + (Lex W)
=(6759 x 18.37) + (630 x 90)
=124,163 + 56,700 = 180,863 Ib.

From Equation 5:

(P,E.9)-MOP (L EW, )+LEW)

L dp2 =
deZ aKb de2
_ (329.542; 9, -50,000 180.863
18.88 £ .847 18.88

15,420 - 9580 = 5840 feet
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This is more drill pipe than required to reach 12,700 feet,
so final drill string will consist of the following:

Weight in
Weight 10 Ib/gal
Length in Air Mud
Item (feet) (pounds) (pounds)
Drill Collars
6'/,"0.D.x2'/," LD. 630 56,700 48,025
No. 1 Drill Pipe
41/,"x 16.60 Ib,
Grade E75, Class 2 6759 124,163 105,166
No. 2 Drill Pipe
41/,"x 16.60 Ib,
Grade X-95,
Premium Class 5311 100,272 84,930
12,700 281,135 238,121

Torsional Yield of 4!/2" x 16.60 Ib x Grade E75 x Inspection
Class 2 =20,902 ft-1b.

Collapse Pressure of 4!/5" x 16.60 1b x Grade E75 x Inspec-
tion Class 2 = 5951 psi.

Collapse pressure of 4!/," x 16.60 1b x Grade X-95 x Pre-
mium Inspection Class = 8868 psi.

From Equation 8:

LW,

g

19251
L=12,070 feet, W,=10 Ib/gal,

Pressure at bottom of drill pipe: P =

P.=12.0710 210 = 6270 psi
5

Therefore, this drill pipe has a lower collapse pressure than
may be encountered in drilling to 12,700 feet. Precautions
should be taken to prevent damage to the drill pipe when run-
ning the string dry below 10,183 feet. This is determined by
solving Equation 8 for maximum length of drill pipe, and
dividing by the safety factor in collapse of 1'/s:

P.E19.251
bnax: --------------- : 1.125

We

=11,456 : 1.125=10,183 feet

7.9 DRILL PIPE BENDING RESULTING FROM
TONGING OPERATIONS

It is generally known that the tool joint on a length of drill
pipe should be kept as close to the rotary slips as possible dur-

ing make-up and break-out operations to prevent bending of
the pipe.

There is a maximum height that the tool joint may be posi-
tioned above the rotary slips and the pipe to resist bending,
while the maximum recommended make-up or break-out
torque is applied to the tool joint.

Many factors govern this height limitation. Several of these
which should be taken into most serious consideration are:

a. The angle of separation between the make-up and break-
out tongs, illustrated by Case I and Case II, Figure 35. Case |
indicates tongs at 90 degrees and Case II indicates tongs at
180 degrees.

b. The minimum yield strength of the pipe.

c. The length of the tong handle.

d. The maximum recommended make-up torque.

053 Y,Lr (I/C)

H,, = vaD (Casel) (13)

. .038 Y.Lz (I/C) (Case D 14
T
where
H,ux = height of tool joint shoulder above slips, ft.,
Y, = minimum tensile yield stress of pipe, psi,
Lr = tong arm length, ft.,
P = line pull (load), Ibs,
T = make-up torque applied to tool joint (P.Lr7), ft-Ib,
1/C = section modulus of pipe-in>. (see Table 18).

Constants 0.053 and 0.038 include a factor of 0.9 to reduce
Y:n to proportional limit (see 7.3).

Sample calculation:

Assume: 4!/>-in., 16.60 Ib/ft, Grade E drill pipe, with
41/>-in. X.H. 6'/4-in. OD, 3!/s-in. ID tool joints.

Tong arm 3!/,-ft.

Tongs at 90 (Case I).

Using Equation 13:

053 (Y ) (I/C) (L)
— £

Y, = 75,000 psi (for Grade E),
I/C = 4.27in° (Table 18),
Ly = 3.5,

T = 16,997 ft-1b (from Table 10),

H,, = 2231200027035 fi.
16,997
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Table 18—Section Modulus Values

(O] 2 3)
Pipe Pipe Weight
OD Nominal 7c
in. Ibs/ft cu. in.
2%/ 4.85 0.66
6.65 0.87
27 6.85 1.12
10.40 1.60
3, 9.50 1.96
13.30 2.57
15.50 2.92
4 11.85 2.70
14.00 322
15.70 3.58
41/, 13.75 3.59
16.60 4.27
20.00 5.17
22.82 5.68
24.66 6.03
25.50 6.19
5 16.25 4.86
19.50 571
25.60 725
5% 19.20 6.11
21.90 7.03
24.70 7.84
6/ 25.20 9.79
4
|
Hmax '/P p
Case |

8 Limitations Related to Hole Deviation
8.1 FATIGUE DAMAGE

Most drill pipe failures are a result of fatigue. Drill pipe |00
will suffer fatigue when it is rotated in a section of hole in
which there is a change of hole angle and/or direction, com-
monly called a dogleg. The amount of fatigue damage which
results depends on the following:

8.1.1 Tensile Load in the Pipe at the Dogleg
Following is an example calculation:

a. Data:

1. 4'/»-inch, 16.60 Ib/ft, Grade E, Range 2 drill pipe (actual
weight in air including tool joints, 17.8 Ib/ft) 73/s-inch OD,
2!/4-inch ID drill collars (actual weight in air 147 1b/ft).

2. 151b/gal (112.21 Ib/cu. ft) mud.

3. (buoyancy factor=0.771)

4. Dogleg depth: 3,000 ft.

5. Anticipated total depth: 11,600 ft.

6. Drill collar length: 600 ft.

7. Drill pipe length at total depth: 11,000 ft.
8.

Length of drill collar string, whose buoyant weight is
in excess of the weight on bit: 100 ft.

b. Solution:

Tensile load in the pipe at the dogleg:

r(11,000 - 3,000) 17.8 + 100 x 1471 0.771 = 121,124 1b

Case ll

Figure 35—Maximum Height of Tool Joint Above Slips to Prevent Bending During Tonging
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8.1.2 The Severity of the Dogleg

The number of cycles experienced in the dogleg, as well as
the mechanical dimensions and properties of the pipe itself.

Because tension in the pipe is critical, a shallow dogleg in a
deep hole often becomes a source of difficulty. Rotating off
bottom is not a good practice since additional tensile load
results from the suspended drill collars. Lubinski' and
Nicholson? have published methods of calculating forces on
tool joints and conditions necessary for fatigue damage to
occur. Referring to Figures 36 and 37, note that it is necessary
to remain to the left of fatigue curves to reduce fatigue dam-
age. Programs to plan and drill wells to minimize fatigue
have been reported by Schenck® and Wilson*. Such programs
are necessary to reduce fatigue damage.

The curves on Figures 36, 37, and 38 (also Figures 41, 42,
and 43) are for Range 2 drill pipe, i.e. for joint lengths of 30
feet. This length has an effect on the curves. Information is
available on fatigue of Range 3 (45 feet) drill pipe.'* The
curves on Figures 36, 37, and 38 are independent of tool joint
OD; however, the portion of the curve for which there is pipe-
to-hole contact between tool joints (dashed lines on Figures
36 and 38) becomes longer when tool joint OD becomes
smaller, and conversely.

The advent of electronic pocket calculators makes it easy
to use the following equations instead of the curves in Figures
36 and 37.'4

432,000 6, tanhKL

€= g (15)
v ED KL

7
K= @ (16)

¢ = maximum permissible dogleg severity (hole cur-
vature), degrees per 100 feet,

where

E = Young's modulus, psi,

= 30 x 106 psi, for steel,

= 10.5 x 106 psi, for aluminum,
= drill pipe OD, inches,

~ 0
o

half the distance between tool joints, inches,
= 180 inches, for Range 2.

Note: Equation 15 does not hold true for Range 3."

T = buoyant weight (including tool joints) suspended
below the dogleg, pounds,
6, = maximum permissible bending stress, psi,
I = drill pipe moment of inertia with respect to its
diameter, in.%, calculated by Equation 17.

[=Y. 4 4
py D -dY), a7

where
D = drill pipe OD, inches,
d = drill pipe ID, inches.
The maximum permissible bending stress, 6, is calculated

from the buoyant tensile stress, 6, (psi), in the dogleg with
Equations 19 and 20 below. 6; is calculated with Equation 18:

6 T
= 18
= (1)

where
A = cross sectional area of drill pipe body, square inches.

For Grade E: !4

10 0.6

6,=19,500-__6- " -(6-33,5007 (19)

67 " (670)”

Equation 19 holds true for values of 6,up to 67,000 psi.
For Grade S-135:2

Q,

o = 20,000(1 (20)
b -
145,000)

Equation 20 holds true for values of up to 133,400 psi.
The following equation may be used instead of Figure 38:

_ 108,000 F
vL

c

@n

ﬂ

in which F is the lateral force on tool joint (1000, 2000, or
3000 pounds in Figure 38), and the meaning of the other sym-
bols is the same as previously.

8.2 REMEDIAL ACTION TO REDUCE FATIGUE

If doglegs of sufficient magnitude are present or suspected,
it is good practice to string ream the dogleg area. This reduces
the severity of the hole angle change. With reference to Fig-
ure 40, the fatigue life of drill pipe will be decreased consid-
erably when it is used in a corrosive drilling fluid. For many
water-base drilling fluids, the fatigue life of steel drill stems
may be increased by maintaining a pH of 9.5 or higher. Refer
to 10.1.4 for description of a corrosion monitoring system.

Several methods are available for monitoring and control-
ling the corrosivity of drilling fluids. The most commonly
used monitoring technique is the use of a corrosion ring
inserted in the drill stem. For a description of this technique
see API Recommended Practice 13B-1, Recommended Prac-
tice Standard Procedure for Field Testing Water-Based Drill-
ing Fluids.

00
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Buoyant Weight Suspended Below the Dogleg

Thousands of Pounds

50

100

150

200

250

300

350

400

Dogleg Severity-Degrees Per 100 Feet
4 5

0 1 2 3

In corrosive environments, reduce dogleg severity to a fraction
— (0.6 for very severe conditions) of the indicated value.

-
-
e

pzay

Region of no
fatigue damage

'/
A

/

Region of
fatigue damage

*Tool joint plus drill pipe
all Range 2.

Note:

Dashed curve corresponds to condition when drill pipe contacts
the hole between tool joints, and then the permissible dogleg
severity is greater than indicated.

Figure 36—Dogleg Severity Limits for Fatigue of Grade E75 Drill Pipe
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Buoyant Weight Suspended Below the Dogleg

Thousands of Pounds

100

200

300

400

500

600

700

1

2

Dogleg Severity-Degrees Per 100 Feet
3 4

In corrosive environments, reduce dogleg severity to a fraction
(0.6 for very severe conditions) of the indicated value.

]

?

Region of no
fatigue damage

e

Region

of

fatigue damage

*Tool joint p

all Range 2.

lus drill pipe

Figure 37—Dogleg Severity Limits for Fatigue of S-135 Drill Pipe




RECOMMENDED PRACTICE FOR DRILL STEM DESIGN AND OPERATING LIMITS

57

Buoyant Weight Suspended Below the Dogleg

Thousands of Pounds

100

200

300

400

500

600

700

Dogleg Severity-Degrees Per 100 Feet

0 1 2 3 4

Range 2

drill pipe

Note:

Dashed curves correspond to condition when drill pipe may
contact the hole between tool joints, and then the permissible
dogleg severity may be greater than indicated.

Figure 38—Lateral Force on Tool Joint
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8.3 ESTIMATION OF CUMULATIVE FATIGUE Percent Fatigue Life
DAMAGE Expended in a 30 Foot Interval
31,7 41, 50 50 100
Hansford and Lubinski’ have developed a method for esti- T T 1
mating the cumulative fatigue damage to joints of pipe which -
have been rotated through severe doglegs (see Figures 39 and % 1
40). While insufficient field checks of the results of this S 1 o 17 T——
method have been made to verify its reliability, it is available S o1 ] AN Degregs I%er 100 Fyeet ]
as a simple analytic device to use as a guide in the identifica- 2 1 \ N
tion of suspect joints. A correction formula to use for other g T AN ™S
. . e 100 ] \\\\ N T~
penetration rates and rotary speeds is as follows: g 1 1 \\\ 9
21 11T AN S
% Life Expended = % Life Expended from z %1 1 A\ \\\ e
2 | T YNEN7 | T
Figure 39 or 40 x = I A Jo
g 1 ok NoNJ | T
Actual RPM _ 10 ft/hr 3 T50T ~
= ﬂ:]S J 4 4 5 —
100 RPM  Actual ft/hr 1 12007 \ ~
. 1 N, —
1 1 10 \ ~N 4 ~
8.4 IDENTIFICATION OF FATIGUED JOINTS S S 3 .
As mentioned, insufficient data is available to verify the For:
results of the method explained in 8.3. However, it is the only Dt'"” IF_)"P?, 31", 41/5",1%?'_5;?;?'?”'5
method presently available for estimating cumulative fatigue fa?g 4 g fzreyt/i%ii_ ' pm; arfing

damage and should be used if it is possible to identify and
classify fatigued joints. The difficulty lies in identifying and
recording each separate joint fatigue history. Joints which
have been calculated to have more than 100 percent of their
fatigue life expended should be carefully examined and, if not
downgraded or abandoned, watched as closely as possible. Exper?c?ézei:talzg(t)i?:l:)eotl_lirﬁerval
Such consideration should be finally governed by experience

Figure 39—Fatigue Damage in Gradual Doglegs
(Noncorrosive Environment)

3 41 5 Q 50 100
factors until such time as the analytical method for fatigue T 1 1 T T T
.. . C e Dogleg Severity |
prediction gains more reliability. 2 ] %& Degrees Per 100 Feet
© ; NN

8.5 WEAR OF TOOL JOINTS AND DRILL PIPE é Iso 1%° \\\ \:\N%
When drill pipe in a dogleg is in tension it is pulled to the § T° | \\\‘ ——8 I

inside of the bend with substantial force. The lateral force will 3 1 oo \ \\ T T

increase the wear of the pipe and tool joints. When abrasion is g 1100 ] \ \\ ~—_6

a problem it is desirable to limit the amount of lateral force to o : \ \ ‘\\ ~

less than about 2000 1b on the tool joints by controlling the @ oo ]  liso \ ‘\ ~5

rate of change of hole angle. Values either smaller or greater S T ] \ N T

than 2000 Ib might be in order, depending on formation at the 2 1 \ \‘\\ 7

dogleg. Figure 38 shows curves for 1000, 2000, or 3000 Ib I 1 Lo \ \\ ~

lateral force on the tool joints; points to the left of these §’ T 1 7 \ N

curves will have less lateral force, and points to the right more @ 10 200 ] \ NN

lateral force on the tool joints. Figures 41, 42, 43, and 44, ] Toso \ \i‘\

developed by Lubinski, show lateral force curves for both ; 5 ™

tool joints and drill pipe for three popular pipe sizes. The first

three figures are for three pipe sizes, Range 2. Figure 44 is for For:

5-inch, 19.5 1b per foot, Range 3 drill pipe. Drill pipe, 3", 41", and 5" Grade E

steel; rotary speed, 100 rpm; drilling
8.5.1 For conditions represented by points located to the rate, 10 feet/hour.
left of Curve No. 1, such as Point A in Figure 41, only tool
joints and not drill pipe between tool joints contact the wall of

the hole. This should not be construed to mean the drill pipe

Figure 40—Fatigue Damage in Gradual Doglegs
(In Extremely Corrosive Environment)
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body does not wear at all, as Figure 41 is for a gradual and not
for an abrupt dogleg. In an abrupt dogleg, drill pipe does con-
tact the wall of the hole half way between tool joints, and the
pipe body is subjected to wear. This lasts until the dogleg is
rounded off and becomes gradual.

8.5.2 For conditions represented by points located on
Curve No. 1, theoretically the drill pipe contacts the wall of
the hole with zero force at the midpoint between tool joints.

8.5.3 For conditions represented by points located between
Curve No. 1 and Curve No. 2, theoretically the drill pipe still
contacts the wall of the hole at midpoint only, but with a force
which is not equal to zero. This force increases from Curve
No. I toward Curve No. 2. Practically, of course, the contact
between the drill pipe and the wall of the hole will be along a
short length located near the midpoint of the joint.

8.5.4 For conditions represented by points located to the
right of Curve No. 2, theoretically the drill pipe contacts the
wall of the hole not at one point, but along an arc with
increasing length to the right of Curve No. 2.

On each of the Figures 41, 42, 43, and 44, there are in addi-
tion to curves No. 1 and No. 2, two families of curves: one for
the force on tool joint, and the other for the force on drill pipe
body. As an example, consider Figure 41; Point B indicates
that if the buoyant weight suspended below the dogleg is
170,000 1b, and if dogleg severity (hole curvature) is 10.1
degrees per 100 feet, then the force on tool joint is 6000 1b,
and the force on drill pipe body is 3000 Ib.

8.6 HEAT CHECKING OF TOOL JOINTS

Tool joints which are rotated under high lateral force
against the wall of the hole may be damaged as a result of
friction heat checking. The heat generated at the surface of
the tool joint by friction with the wall of the hole when under
high radial thrust loads may raise the temperature of the tool
joint steel above its critical temperature. Metallurgical exami-
nation of such joints has indicated affected zones with vary-
ing hardness as much as 3/j¢-in. below OD surface. If the
radial thrust load is sufficiently high, surface heat checking
can occur in the presence of drilling mud alternately being
heated and quenched as it rotates. This action produces
numerous irregular heat check cracks often accompanied by
longer axial cracks sometimes extending through the full sec-
tion of the joint and washouts may occur in these splits or
windows. (See Lubinski, "Maximum Permissible Dog Legs
in Rotary Boreholes," Journal of Petroleum Technology,
1961.)! Maintaining hole angle control so that 2000 Ib lateral
force is not exceeded will minimize or eliminate heat check-
ing of tool joints.

9 Limitations Related To Floating Vessels

9.1 All possible steps should be taken to avoid subjecting
drill pipe to fatigue; i.e., to cyclic stresses due to rotation of
the drill string under bending and tension. Two major factors
which are specific to drilling from a floater that contribute to
fatigue of drill pipe are as follows:

9.1.1 The rotary table is not centered at all times exactly
above the subsea borehole.

9.1.2 The derrick is not always vertical but follows the roll
and pitch motions of the floater.

9.2 This text pertains to prevention of fatigue due to 9.1.2, Joo

above. When the derrick is inclined during a part of the roll or
pitch motion, the upper extremity of the drill string is not ver-
tical while the drill pipe at some distance below the rotary
table remains vertical. Thus the drill string is bent. As drill
pipe is much less rigid than the kelly, most of the bending
occurs in the first length of drill pipe below the kelly. This
subject is studied in a paper titled, The Effect of Drilling Ves-
sel Pitch or Roll on Kelly and Drill Pipe Fatigue, by John E.
Hansford and Arthur Lubinski.®

9.3 Based on the Hansford and Lubinski paper®, the follow-
ing practices are recommended to minimize bending and,
therefore, fatigue of the first joint of drill pipe, due to roll and/
or pitch of a floater.

9.3.1 Multiplane bushings should not be used. Either a
gamboled kelly bushing, or a one-plane roller bushing is pref-
erable.

9.3.2 An extended length kelly should be used to relieve
the severe bending of the limber drill pipe through less severe
bending of the rigid kelly extension. This extension may be
accomplished by any of the following means:

a. For Range 2 drill pipe, use a 54-foot kelly which is ordi-
narily used with Range 3 pipe, rather than the usual 40-foot
kelly.

b. Use a specially made kelly at least 8 feet longer than the
standard length.

c. Use at least 8 feet of kelly saver subs between the kelly
and drill pipe.

9.3.3 If b, above, is not implemented, avoid rotating off
bottom with the kelly more than half way up for long periods
of time if the maximum angular vessel motion is more than 5
degrees single amplitude. In this text, long periods of time
are:

a. More than 30 minutes for large hookloads.
b. More than 2 hours for light hookloads.

9.3.4 Ifconditions prevent implementing b or ¢, above, the
first joint of drill pipe below the kelly should be removed
from the string at the first opportunity and discarded.



APl RECOMMENDED PRACTICE 7G

Dogleg Severity (Hole Curvature)—Degrees Per 100 Feet
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Figure 41—Lateral Forces on Tool Joints and Range 2 Dirill Pipe 3'/2-Inch, 13.3 Pounds per Foot,
Range 2 Dirill Pipe, 4%/s-Inch Tool Joints
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Figure 43—Lateral Forces on Tool Joints and Range 2 Drill Pipe 5-Inch, 19.5 Pounds
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10 Drill Stem Corrosion and Sulfide
Stress Cracking

10.1 CORROSION

10.1.1 Corrosive Agents

Corrosion may be defined as the alteration and degradation
of material by its environment. The principal corrosive agents
affecting drill stem materials in water-base drilling fluids are
dissolved gases (oxygen, carbon dioxide, and hydrogen sul-
fide), dissolved salts, and acids.

10.1.1.1 Oxygen

Oxygen is the most common corrosive agent. In the pres-
ence of moisture it causes rusting of steel, the most common
form of corrosion. Oxygen causes uniform corrosion and pit-
ting, leading to washouts, twistoffs, and fatigue failures.
Since oxygen is soluble in water, and most drilling fluid sys-
tems are open to the air, the drill stem is continually exposed
to potentially severe corrosive conditions.

10.1.1.2 Carbon Dioxide

Carbon dioxide dissolves in water to form a weak acid
(carbonic acid) that corrodes steel in the same manner as
other acids (by hydrogen evolution), unless the pH is main-
tained above 6. At higher pH values, carbon dioxide corrosion
damage is similar to oxygen corrosion damage, but at a
slower rate. When carbon dioxide and oxygen are both
present, however, the corrosion rate is higher than the sum of
the rates for each alone.

Carbon dioxide in drilling fluids may come from the
makeup water, gas bearing formation fluid inflow, thermal
decomposition of dissolved salts and organic drilling fluid
additives, or bacterial action on organic material in the
makeup water or drilling fluid additives.

10.1.1.3 Hydrogen Sulfide

Hydrogen sulfide dissolves in water to form an acid some-
what weaker and less corrosive than carbonic acid, although it
may cause pitting, particularly in the presence of oxygen and/
or carbon dioxide. A more significant action of hydrogen sul-
fide is its effect on a form of hydrogen embrittlement known
as sulfide stress cracking (see 10.2 for details).

Hydrogen sulfide in drilling fluids may come from the
makeup water, gas-bearing formation fluid inflow, bacterial
action on dissolved sulfates, or thermal degradation of sulfur-
containing drilling fluid additives.

10.1.1.4 Dissolved Salts

Dissolved salts (chlorides, carbonates, and sulfates)
increase the electrical conductivity of drilling fluids. Since
most corrosion processes involve electrochemical reactions,

the increased conductivity may result in higher corrosion
rates. Concentrated salt solutions are usually less corrosive
than dilute solutions; however, because of decreased oxygen
solubility. Dissolved salts also may serve as a source of car-
bon dioxide or hydrogen sulfide in drilling fluids.

Dissolved salts in drilling fluids may come from the
makeup water, formation fluid inflow, drilled formations, or
drilling fluid additives.

10.1.1.5 Acids

Acids corrode metals by lowering the pH (causing hydro-
gen evolution) and by dissolving protective films. Dissolved
oxygen appreciably accelerates the corrosion rates of acids,
and dissolved hydrogen sulfide greatly accelerates hydrogen
embrittlement.

Organic acids (formic, acetic, etc.) can be formed in drill-
ing fluids by bacterial action or by thermal degradation of
organic drilling fluid additives. Organic acids and mineral
acids (hydrochloric, hydrofluoric, etc.) may be used during
workover operations or stimulating treatments.

10.1.2 Factors Affecting Corrosion Rates

Among the many factors affecting corrosion rates of drill
stem materials the more important are:

10.1.2.1 pH

This is a scale for measuring hydrogen ion concentration.
The pH scale is logarithmic; i.e., each pH increment of 1.0
represents a tenfold change in hydrogen ion concentration.
The pH of pure water, free of dissolved gases, is 7.0. pH val-
ues less than 7 are increasingly acidic, and pH values greater
than 7 are increasingly alkaline. In the presence of dissolved
oxygen, the corrosion rate of steel in water is relatively con-
stant between pH 4.5 and 9.5; but it increases rapidly at lower
pH values, and decreases slowly at higher pH values. Alumi-
num alloys, however, may show increasing corrosion rates at
pH values greater than 8.5.

10.1.2.2 Temperature

In general, corrosion rates increase with increasing temper-
ature.

10.1.2.3 Velocity

In general, corrosion rates increase with higher rates of
flow.

10.1.2.4 Heterogeneity

Localized variations in composition or microstructure may
increase corrosion rates. Ringworm corrosion, that is some-
times found near the upset areas of drill pipe or tubing that
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has not been properly heat treated after upsetting, is an exam-
ple of corrosion caused by nonuniform grain structure.

10.1.2.5 High Stresses

Highly stressed areas may corrode faster than areas of
lower stress. The drill stem just above drill collars often
shows abnormal corrosion damage, partially because of
higher stresses and high bending moments.

10.1.3 Corrosion Damage (Forms of Corrosion)

Corrosion can take many forms and may combine with
other types of damage (erosion, wear, fatigue, etc.) to cause
extremely severe damage or failure. Several forms of corro-
sion may occur at the same time, but one type will usually
predominate. Knowing and identifying the forms of corrosion
can be helpful in planning corrective action. The forms of
corrosion most often encountered with drill stem materials
are:

10.1.3.1 Uniform or General Attack

During uniform attack, the material corrodes evenly, usu-
ally leaving a coating of corrosion products. The resulting
loss in wall thickness can lead to failure from reduction of the
material's load-carrying capability.

10.1.3.2 Localized Attack (Pitting)

Corrosion may be localized in small, well-defined areas,
causing pits. Their number, depth, and size may vary consid-
erably; and they may be obscured by corrosion products. Pit-
ting is difficult to detect and evaluate, since it may occur
under corrosion products, mill scale and other deposits, in
crevices or other stagnant areas, in highly stressed areas, etc.
Pits can cause washouts and can serve as points of origin for
fatigue cracks. Chlorides, oxygen, carbon dioxide, and hydro-
gen sulfide, and especially combinations of them, are major
contributors to pitting corrosion.

10.1.3.3 Erosion-Corrosion

Many metals resist corrosion by forming protective oxide
films or tightly adherent deposits. If these films or deposits
are removed or disturbed by high-velocity fluid flow, abrasive
suspended solids, excessive turbulence, cavitation, etc., accel-
erated attack occurs at the fresh metal surface. This combina-
tion of erosive wear and corrosion may cause pitting,
extensive damage, and failure.

10.1.3.4 Fatigue in a Corrosive Environment
(Corrosion Fatigue)

Metals subjected to cyclic stresses of sufficient magnitude
will develop fatigue cracks that may grow until complete fail-
ure occurs. The limiting cyclic stress that a metal can sustain

for an infinite number of cycles is known as the fatigue limit.
Remedial action for reducing drill stem fatigue is discussed in
Section 8.

In a corrosive environment no fatigue limit exists, since
failure will ultimately occur from corrosion, even in the
absence of cyclic stress. The cumulative effect of corrosion
and cyclic stress (corrosion fatigue) is greater than the sum of
the damage from each. Fatigue life will always be less in a
corrosive environment, even under mildly corrosive condi-
tions that show little or no visible evidence of corrosion.

10.1.4 Detecting and Monitoring Corrosion

The complex interactions between various corrosive agents
and the many factors controlling corrosion rates make it diffi-
cult to accurately assess the potential corrosivity of a drilling
fluid. Various instruments and devices such as pH meters,
oxygen meters, corrosion meters, hydrogen probes, chemical
test kits, test coupons, etc. are available for field monitoring
of corrosion agents and their effects.

The monitoring system described in Appendix A of API
Recommended Practice 13B-1, Recommended Practice Stan-
dard Procedure for Field Testing Water-Based Drilling Fluids,
can be used to evaluate corrosive conditions and to follow the
effect of remedial actions taken to correct undesirable condi-
tions. Preweighed test rings are placed in recesses at the back
of tool joint box threads at selected locations throughout the
drill stem, exposed to the drilling operation for a period of
time, then removed, cleaned, and reweighed. The degree and
severity of pitting observed may be of greater significance
than the weight loss measurement.

The chemical testing of drilling fluids (see API Recom-
mended Practices 13B-1 and 13B-2) should be performed in
the field whenever possible, especially tests for pH, alkalinity,
and the dissolved gases (oxygen, carbon dioxide, and hydro-
gen sulfide).

10.1.5 Procurement of Samples for Laboratory
Testing

When laboratory examination of drilling fluid is desired,
representative samples should be collected ina /> to 1 gallon
(2 to 4 liter) clean container, allowing an air space of approx-
imately 1 percent of the container volume and sealing tightly
with a suitable stopper. Chemically resisting glass, polyeth-
ylene, and hard rubber are suitable materials for most drill-
ing fluid samples. Samples should be analyzed as soon as
possible, and the elapsed time between collection and analy-
sis reported. See ASTM D3370, Standard Practices for Sam-
pling Water, for guidance on sampling and shipping
procedures.

When laboratory examination of corroded or failed drill
stem material is required, use care in securing the specimens.
If torch cutting is needed, do it in a way that will avoid physi-
cal or metallurgical changes in the area to be examined. Spec-
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imens must not be cleaned, wire brushed, or shot blasted in
any manner; and should be wrapped and shipped in a way
that will avoid damage to the corrosion products or fracture
surfaces. Whenever possible, both fracture surfaces should be
supplied.

10.1.6 Drill Pipe Coatings

Internally coating the drill pipe and attached tool joints can
provide effective protection against corrosion in the pipe
bore. In the presence of corrosive agents, however, the corro-
sion rate of the drill stem OD may be increased. Drill pipe
coating is a shop operation in which the pipe is cleaned of all
grease and scale, sand or grit blasted to white metal, plastic
coated, and baked. After baking, the coating is examined for
breaks or holidays.

10.1.7 Corrective Measures to Minimize Corrosion
in Water-Base Drilling Fluids

The selection and control of appropriate corrective mea-
sures is usually performed by competent corrosion technolo-
gists and specialists. Generally, one or more of the following
measures is used, but certain conditions may require more
specialized treatments:

a. Control the drilling fluid pH. When practical to do so with-
out upsetting other desired fluid properties, the maintenance
of a pH of 9.5 or higher will minimize corrosion of steel in
water-base systems containing dissolved oxygen. In some
drilling fluids, however, corrosion of aluminum drill pipe
increases at pH values higher than 8.5.

b. Use appropriate inhibitors and/or oxygen scavengers to
minimize weight loss corrosion. This is particularly helpful
with low pH, low solids drilling fluids. Inhibitors must be
carefully selected and controlled, because different corrosive
agents and different drilling fluid systems (particularly those
used for air or mist drilling) require different types of inhibi-
tors. The use of the wrong type of inhibitor, or the wrong
amount, may actually increase corrosion.

c¢. Use plastic coated drill pipe. Care must be exercised to
prevent damage to the coating.

d. Use degassers and desanders to remove harmful dissolved
gases and abrasive material.

e. Limit oxygen intake by maintaining tight pump connec-
tions and by minimizing pit-jetting.

f. Limit gas-cutting and formation fluid inflow by maintain-
ing proper drilling fluid weight.

g. When the drill string is laid down, stored, or transported,
wash out all drilling fluid residues with fresh water, clean out
all corrosion products (by shot blasting or hydroblasting, if
necessary), and coat all surfaces with a suitable corrosion pre-
ventive (see API Recommended Practice 5C1, Recommended
Practice for Care and Use of Casing and Tubing).

10.1.8 Extending Corrosion Fatigue Life

While generally not affecting corrosion rates, the following
measures will extend corrosion fatigue life by lowering the
cyclic stress intensity or by increasing the fatigue strength of
the material:

a. Use thicker-walled components.

b. Reduce high stresses near connections by minimizing dog-
legs and by maintaining straight hole conditions, insofar as
possible.

c. Minimize stress concentrators such as slip marks, tong
marks, gouges, notches, scratches, etc.

d. Use quenched and tempered components.

10.2 SULFIDE STRESS CRACKING

10.2.1 Mechanism of Sulfide Stress Cracking

(SSC)

In the presence of hydrogen sulfide (H»S), tensile-loaded
drill stem components may suddenly fail in a brittle manner
at a fraction of their nominal load-carrying capability after
performing satisfactorily for extended periods of time. Failure
may occur even in the apparent absence of corrosion, but is
more likely if active corrosion exists. Embrittlement of the
steel is caused by the absorption and diffusion of atomic
hydrogen and is much more severe when H»S is present. The
brittle failure of tensile-loaded steel in the presence of H»S is
termed sulfide stress cracking (SSC).

10.2.2 Materials Resistant to SSC

The latest revision of NACE Standard MR-01-75, Sulfide
Stress Cracking Resistant Metallic Material for Oil Field Equip-
ment, should be consulted for materials that have been found to
be satisfactory for drilling and well servicing operations.

Other chemical compositions, hardnesses, and heat treat-
ments should not be used in sour environments without fully
evaluating their SSC susceptibility in the environment in
which they will be used. Susceptibility to SSC depends on the
following:

10.2.2.1 Strength of the Steel

The higher the strength (hardness) of the steel, the greater is
the susceptibility to SSC. In general, steels having strengths
equivalent to hardnesses up to 22 HRC maximum are resistant
to SSC. If the chemical composition is adjusted to permit the
development of a well tempered, predominantly martensitic
microstructure by proper quenching and tempering; steels
having strengths equivalent to hardnesses up to 26 HRC maxi-
mum are resistant to SSC. When strengths higher than the
equivalent of 26 HRC are required, corrective measures (as
shown in a later section) must be used; and, the higher the
strength required, the greater the necessity for the corrective
measures.
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10.2.2.2 Total Tensile Load (Stress) on the Steel

The higher the total tensile load on the component, the
greater is the possibility of failure by SSC. For each strength
of steel used, there appears to be a critical or threshold stress
below which SSC will not occur; however, the higher the
strength, the lower the threshold stress.

10.2.2.3 Amount of Atomic Hydrogen and H.S

The higher the amount of atomic hydrogen and H»S
present in the environment, the shorter the time before failure
by SSC. The amounts of atomic hydrogen and H»S required
to cause SSC are quite small, but corrective measures to con-
trol their amounts will minimize the atomic hydrogen
absorbed by the steel.

10.2.2.4 Time

Time is required for atomic hydrogen to be absorbed and
diffused in steel to the critical concentration required for
crack initiation and propagation to failure. By controlling the
factors referred to above, time-to-failure may be sufficiently
lengthened to permit the use of marginally susceptible steels
for short duration drilling operations (see Figure 45).

10.2.2.5 Temperature

The severity of SSC is greatest at normal atmospheric tem-
peratures, and decreases as temperature increases. At operat-
ing temperatures in excess of approximately 135°F (57°C),
marginally susceptible materials (those having hardnesses
higher than 22 to 26 HRC) have been used successfully in
potentially embrittling environments. (The higher the hard-
ness of the material, the higher the required safe operating
temperature.) Caution must be exercised, however-SSC fail-
ure may occur when the material returns to normal tempera-
ture after it is removed from the hole.

10.2.3 Corrective Measures to Minimize SSC in
Water-Base Drilling Fluids

The selection and control of appropriate corrective mea-
sures is usually performed by competent corrosion technolo-
gists and specialists. Generally, one or more of the following
measures is used, but certain conditions may require more
specialized treatments:

a. Control the drilling fluid pH. When practical to do so with-
out upsetting other desired fluid properties, maintain a pH of
10 or higher.

Note: In some drilling fluids, aluminum alloys show slowly increasing corro-
sion rates at pH values higher than 8.5; and the rate may become excessive at
pH values higher than 10.5. Therefore, in drill strings containing aluminum
drill pipe, the pH should not exceed 10.5.

b. Limit gas-cutting and formation fluid inflow by maintain-
ing proper drilling fluid weight.

c. Minimize corrosion by the corrective measures shown in
10.1.7.

Note: While use of plastic coated drill pipe can minimize corrosion, plastic
coating does not protect susceptible drill pipe from SSC.

d. Chemically treat for hydrogen sulfide inflows, preferably
prior to encountering the sulfide.

e. Use the lowest strength drill pipe capable of withstanding
the required drilling conditions. At any strength level, prop-
erly quenched and tempered drill pipe will provide the best
SSC resistance.

f. Reduce unit stresses by using thicker walled components.

g. Reduce high stresses at connections by maintaining
straight hole conditions, insofar as possible.

h. Minimize stress concentrators such as slip marks, tong
marks, gouges, notches, scratches, etc.

i. After exposure to a sour environment, use care in tripping
out of the hole, avoiding sudden shocks and high loads.

j. After exposure to a sour environment, remove absorbed
hydrogen by aging in open air for several days to several
weeks (depending upon conditions of exposure) or bake at
400° to 600°F (204° to 316°C) for several hours.

Note: Plastic coated drill pipe should not be heated above 400°F (204°C) and
should be checked subsequently for holidays and disbonding.

The removal of hydrogen is hindered by the presence of
corrosion products, scale, grease, oil, etc. Cracks that have
formed (internally or externally) prior to removing the hydro-
gen will not be repaired by the baking or stress relief opera-
tions.

k. Limit drill stem testing in sour environments to as brief a
period as possible, using operating procedures that will mini-
mize exposure to SSC conditions.

10.3 DRILLING FLUIDS CONTAINING OIL

10.3.1 Use of Oil Muds for Drill Stem Protection

Corrosion and SSC can be minimized by the use of drilling
fluids having oil as the continuous phase. Corrosion does not
occur if metal is completely enveloped and wet by an oil envi-
ronment that is electrically nonconductive.

Oil systems used for drilling (oil-base or invert emulsion
muds) contain surfactants that stabilize water as emulsified
droplets and cause preferential oil-wetting of the metal.
Agents that cause corrosion in water (dissolved gases, dis-
solved salts, and acids) do not damage the oil-wet metal.
Therefore, under drilling conditions that cause serious prob-
lems of corrosion damage erosion-corrosion, or corrosion
fatigue, drill stem life can be greatly extended by using an oil
mud.



Stress, 1000 psi

260
= e e wm == 300,000 psi nominal tensile strength-tempered martensite
240 mesnmnnnnnnnne 270,000 psi nominal tensile strength-tempered martensite
— — — 230,000 psi nominal tensile strength-tempered martensite
220 =ennnnnnnnnnnn 190,000 psi nominal tensile strength-tempered martensite
200 — 190,000 psi nominal tensile strength-bainite
— m— 150,000 psi nominal tensile strength-tempered martensite
180 sennnnnnnnnnnn 142 000 psi nominal tensile strength-tempered martensite
\ * s =75 000 psi nominal tensile strength-pearlite
\
160 i
140
120
100
80
\ L]
60 = —
40
--------.....— — — —
e e— — ':'_"lll- "EEmEmmmn
20
0
0.1 0.5 1 5 10 50 100 500 100 5000 10,000 100,000
Time to Rupture, Minutes
Note:

Batelle Charging Condition A:
Electrolyte: 4 percent by weight of H,SO4 in water.
Poison: 5 drops per liter of cathodic poison composed of 2, phosphorous dissolved in 40 ml CS,.
Current Density: 8 ma/in’,

Figure 45—Delayed-Failure Characteristics of Unnotched Specimens of an SAE 4340 Steel During Cathodic
Charging with Hydrogen Under Standardized Conditions

99

9/ A01LOVHd AIANINNODTY |dV



98

RECOMMENDED PRACTICE FOR DRILL STEM DESIGN AND OPERATING LIMITS 67

10.3.2 Monitoring Oil Muds for Drill Stem
Protection

An oil mud must be properly prepared and maintained to
protect drill stem from corrosion and SSC. Water will always
be present in an oil mud, whether added intentionally, incor-
porated as a contaminant in the surface system, or from
exposed drilled formations. Corrosion and SSC may occur if
this water is allowed to become free and to wet the drill stem.
Factors to be evaluated in monitoring an oil mud include:

10.3.2.1 Electrical Stability

This test measures the voltage required to cause current to
flow between electrodes immersed in the oil mud (see API
Recommended Practice 13B-2, Recommended Practice Stan-
dard Procedure for Field Testing Oil-Based Drilling Fluids,
for details). The higher the voltage, the greater the stability of
the emulsion, and the better the protection provided to the
drill stem.

10.3.2.2 Alkalinity

The acidic dissolved gases (carbon dioxide and hydrogen
sulfide) are harmful contaminants for most oil muds. Moni-
toring the alkalinity of an oil mud can indicate when acidic
gases are being encountered so that corrective treatment can
be instituted.

10.3.2.3 Corrosion Test Rings

Test rings placed in the drill stem bore are used to monitor
the corrosion protection afforded by oil muds (see API Rec-
ommended Practice 13B-2 for details). A properly function-
ing oil mud should show little or no visual evidence of
corrosion on the test ring.

11 Compressive Service Limits for Drill
Pipe)(see also Appendices A.15 and
A.16

11.1 COMPRESSIVE SERVICE APPLICATIONS

11.1.1  Whenever drilling high angle, extended reach, or
horizontal well bores it is desirable to use compressively
loaded portions of the drill string. Drilling with drill pipe in
compression causes no more damage to the drill pipe than

conventional drilling operations as long as the operating
conditions do not exceed the compressive service limits for
the pipe.

11.1.2 Drill strings are subject to compressive service con-
ditions whenever significant portions of the borehole exceed
the critical sliding hole angle as defined as follows:

(1

X, = arctan T >

/)

where
Y. = critical sliding hole angle,
f = coefficient of friction.

11.1.3 The critical sliding hole angle is the angle above
which drill string components must be pushed into the hole.
Although many factors affect the coefficient of friction
between the drill string components and the wall of the hole,
the type of drilling fluid used has the greatest impact (see
Table 19). Water-based drilling fluids generate the highest
coefficient to friction and produce critical hole angles of
about 71 degrees. Synthetic-based drilling fluids provide the
lowest coefficients of friction and produce critical hole angles
of about 80 degrees.

11.1.4 Operating significant lengths of the drill string in
compression can cause the pipe to helically buckle and
induce pipe curvatures larger than the curvature of the hole
and may cause unacceptable bending stresses. Rotating drill
pipe in curved portions of the hole generates cyclic bending
stresses that can also cause fatigue failures. The most effec-
tive and efficient drill string design for extended reach and
horizontal holes is the lightest weight drill string that can
withstand the operating environment. Using heavier compo-
nents or thicker wall tubulars often increases the operating
loads without reducing the bending stresses.

Table 19—Effect of Drilling Fluid Type on
Coefficient of Friction

Typical Coefficient ~ Critical Hole Angle
Drilling Fluid of Friction degrees
Water-base mud 0.35 71
Oil-base mud 0.25 76
Synthetic-base mud 0.17 80

11.2 DRILL PIPE BUCKLING IN STRAIGHT,
INCLINED WELL BORES

11.2.1 Overview

11.2.1.1 The curves shown in Figures 46 through 66 give
the approximate axial compressive loads at which sinusoidal
buckling is expected to occur in drill pipe in straight,
inclined wellbores. If the drill pipe is being rotated, limiting
the drill pipe compressive load to below the estimated buck-
ling load shown in these curves will significantly reduce the
danger of fatigue damage to the pipe. Conversely, rotating
drill pipe while it is buckled can lead to rapid fatigue damage
and failure.

11.2.1.2 These curves are based on the equations of Daw-
son and Paslay.?’ They are reproduced here with permission
from Standard DS-1, Drill Stem Design and Inspection.*® The
assumptions behind these curves include:

a. Pipe weight is new nominal with X-grade tool joint

dimensions (where applicable). If more than one tool joint is
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Fc—Critical buckling load (Ibs)

Fe—Critical buckling load (Ibs)
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Figure 51—Approximate Axial Compressive Loads at which Sinusoidal Buckling is Expected to Occur
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Fc—Critical buckling load (Ibs)

F—Critical buckling load (Ibs)
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Figure 52—Approximate Axial Compressive Loads at which Sinusoidal Buckling is Expected to Occur
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Figure 53—Approximate Axial Compressive Loads at which Sinusoidal Buckling is Expected to Occur
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Figure 54—Approximate Axial Compressive Loads at which Sinusoidal Buckling is Expected to Occur
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Figure 55—Approximate Axial Compressive Loads at which Sinusoidal Buckling is Expected to Occur
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Figure 56—Approximate Axial Compressive Loads at which Sinusoidal Buckling is Expected to Occur
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Figure 57—Approximate Axial Compressive Loads at which Sinusoidal Buckling is Expected to Occur
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Figure 58—Approximate Axial Compressive Loads at which Sinusoidal Buckling is Expected to Occur
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Figure 62—Approximate Axial Compressive Loads at which Sinusoidal Buckling is Expected to Occur
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Figure 63—Approximate Axial Compressive Loads at which Sinusoidal Buckling is Expected to Occur
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Figure 64—Approximate Axial Compressive Loads at which Sinusoidal Buckling is Expected to Occur
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Figure 65—Approximate Axial Compressive Loads at which Sinusoidal Buckling is Expected to Occur
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Figure 66—Approximate Axial Compressive Loads at which Sinusoidal Buckling is Expected to Occur

used on a particular pipe, the most common one was selected.
Tool joint diameter is the minimum for Premium Class.
Radial clearance is the distance between the tool joint OD
and the hole.

b. Pipe wall thickness is new nominal.

c. The well bore is straight.

d. The effects of torque are neglected.

e. Mud weight is 12.0 Ib/gal.

11.2.2 Compensating for Different Mud Weight

If the actual mud weight is not 12.0 Ib/gal, critical buckling
load may be adjusted by the following formula:

(F crit—aaf/') N (F crit)(f)’nw)

where
Feriraqp = adjusted critical buckling load (Ibs),
F..iy = critical buckling load from curve (Ibs),
Jfuw = (buoyancy factor/0.817)% (see below),

Mud Weight Mud Weight
(Ib/gal) S (Ib/gal) o
8.0 1.04 14.0 0.98
9.0 1.03 15.0 0.97
10.0 1.02 16.0 0.96
11.0 1.01 17.0 0.95

12.0 1.00 18.0 0.94

[

13.0

e Y

6%g-inch, 27.72 ppf

12 ppg mud

a— } .1

22

0.99

[ S

19.0

T T R R [

24

0.93



11.2.3 Using the Drill Pipe Buckling Curves

Enter the curve for the correct pipe size and
weight at the hole diameter. Read vertically to
intersect the hole angle, then horizontally to read
critical buckling load. Compensate the value
obtained for mud weight being used.

11.2.3.1 Example

How much compressive load may be applied to 5-inch,

19.50 1b/ft drill pipe in a 12'/4-inch horizontal hole
before the drill pipe buckles? Mud weight is 9.0
Ib/gal.

11.2.3.2 Solution:

Reading from the figure for the drill pipe in
question (Fig- ure 60), the critical buckling load is
about 28,200 pounds. Adjusting to 9.0 1b/gal mud:

Feritaqi= 28,200 Ibs (1.03) = 29,000 Ibs

11.3 CRITICAL BUCKLING FORCE FOR
CURVED BOREHOLES?27,29.30.31,32

The critical buckling force of compressively
loaded drill pipe is also significantly influenced by
the curvature of the borehole. In angle building
intervals the upward curvature of the borehole
increases the critical buckling force. In turning
intervals the hole curvature also increases the
buckling force of the drill pipe. Table 20 shows the
hole curvature rates that prevent buckling for a
range of pipe and hole sizes.
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Table 20—Hole Curvatures that Prevent Buckling

Hole Drill Pipe  Drill Pipe  Nominal — Tool Joint Axial Load

Size OD ID Weight OD 5 Mlbs 10 Mlbs 15Mlbs 20Mlbs 25Mlbs 30Mlbs 40Mlbs 50Mlbs
in. in. in. lb/ft in. °/100tt. °/100ft. °/100ft. °/100ft. °/100ft. °/100ft. °/100ft. °/100ft.
4.000 2.375 1.815 6.7 3.125 12 2.5 3.7 49 6.2 74 9.9 12.3
4.750 2.875 2.151 104 4.125 0.4 0.8 1.2 1.6 2.0 24 32 39
6.000 2.875 2.151 10.4 4.125 12 24 35 4.7 59 7.1 95 11.8
6.000 3.500 2.764 133 5.000 0.3 0.6 1.0 1.3 1.6 19 2.6 32
6.750 3.500 2.764 133 5.000 0.6 1.1 1.7 23 2.8 34 45 5.6
6.750 4.000 3.340 14.0 5.250 03 0.7 1.0 13 1.7 2.0 2.7 34
7.875 4.000 3.340 14.0 5.250 0.6 12 1.8 24 3.0 35 4.7 59
7.875 4.500 3.826 16.6 6.250 02 0.5 0.7 1.0 12 1.5 2.0 2.5
8.750 4.500 3.826 16.6 6.250 0.4 0.8 1.1 1.5 1.9 23 3.0 38
8.750 5.000 4.276 19.5 6.375 0.2 0.5 0.7 1.0 12 14 1.9 24
8.750 5.500 4.778 219 7.500 0.1 02 0.3 0.4 0.5 0.6 0.8 09
8.750 5.500 4.670 24.7 7.250 0.1 02 0.3 0.4 0.5 0.6 0.8 1.0
9.875 5.000 4.276 19.5 6.375 0.4 0.7 1.1 1.4 1.8 2.1 2.8 3.6
9.875 5.500 4.778 219 7.500 02 0.4 0.5 0.7 0.9 1.1 1.4 1.8
9.875 5.500 4.670 24.7 7.250 02 0.4 0.5 0.7 0.9 1.1 1.4 1.8
9.875 6.625 5.965 252 8.000 0.1 0.2 0.3 0.3 0.4 0.5 0.7 0.8

12.250 5.000 4.276 19.5 6.375 0.6 12 1.8 24 3.0 3.6 4.8 6.0

12.250 5.500 4.778 21.9 7.500 0.4 0.7 1.1 1.4 1.8 2.1 29 3.6

12.250 5.500 4.670 24.7 7.250 0.3 0.7 1.0 1.3 1.7 2.0 2.7 34

12.250 6.625 5.965 252 8.000 0.2 0.4 0.6 0.8 1.0 1.1 1.5 19

11.3.1 Example ing of the tool joints, as well as the axial compressive load on

Will 5-inch drill pipe buckle in a 10-degrees-per-100-foot
build curve of a horizontal well? The hole size is 8.75 inches
and the maximum required bit load is 30,000 pounds.

11.3.2 Solution

Table 20 shows that 5-inch, 19.5 1b/ft drill pipe in an 8.75-
inch hole will not buckle in hole curvatures greater than 1.4
degrees per 100 feet with a 30,000 pound load.

11.4 BENDING STRESSES ON COMPRESSIVELY
LOADED DRILL PIPE IN CURVED
BOREHOLES?3*

Rotating compressively loaded drill pipe in curved portions
of the borehole generates cyclic bending stresses that, if large
enough, may cause fatigue damage. Compressive loading
may also cause a portion of the pipe body to contact the wall
of the hole. In abrasive formations, pipe body contact can
erode the body of the pipe and further magnify the bending
stresses. The maximum bending stress caused by compres-
sively loading drill pipe in curved boreholes is affected by the
size of the tool joints, the size of the pipe body, and the spac-

the pipe and the curvature of the hole.

The application of compressive loads on tool jointed drill
pipe in curved boreholes progresses through three stages.
Under light loads, the maximum bending stress occurs in the
center of the pipe span but only the tool joints are in contact
with the wall of the borehole. As loading is increased, the
center of the pipe comes into contact with the wall of the
hole. Under this loading condition the maximum bending
stress occurs at two positions that are located on either side of
the point of pipe body contact. As the load is further
increased, the length of pipe body contact increases from
point contact to wrap contact along a length of pipe located in
the center of the joint.

Figures 67 through 74 provide solutions to the bending
stress, pipe body contact, and lateral contact loads for the
most common sizes of 6%/s-inch to 23/s-inch drill pipe. There
are four plots for each size of drill pipe. The plot in figures
67-74 (figures a) show the maximum bending stress as a
function of axial compressive load for a range of hole curva-
tures. The type of loading is shown by the style of the plotted
lines. For no pipe body contact, the bending stress curve is
shown as a solid line. For point contact the bending stress
relation is shown as a dashed line and for wrap contact the
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Bending stress—1000 psi

6.625-in. 25.2 Ib/ft Drill Pipe, 8-in. Tool Joint
10 ppg mud, 90-degree 12.25-in. hole
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Bending stress—1000 psi
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Bending stress—1000 psi
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Tool joint contact—MlIbs
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Bending stress—1000 psi
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Bending stress—1000 psi

4.0-in. 14.0 Ib/ft Drill Pipe, 5.25-in. Tool Joint
with 10 Ib/gal mud in a 6.75-in. hole
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Figure 71a—Bending Stress and Fatigue Limits
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Bending stress—1000 psi

3.5-in. 13.3 Ib/ft Drill Pipe, 4.75-in. Tool Joint
with 10 Ib/gal mud in a 6-in. hole
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Figure 72a—Bending Stress and Fatigue Limits
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Bending stress—1000 psi

2.875-in. 10.4 Ib/ft Drill Pipe, 4.125-in. Tool Joint
with 10 Ib/gal mud in a 4.75-in. hole
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Bending stress—1000 psi

2.375-in. 6.65 Ib/ft Drill Pipe, 3.125-in. Tool Joint
with 10 Ib/gal mud in a 3.875-in. hole
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plotted stress is shown as a dotted line. The plots also include
the fatigue endurance bending stress limits from Section 11.5.
The plots assume a 10 Ib/gal mud, 90-degree hole angle, and
a defined hole size. The mud density, hole angle, and hole
size do not affect the bending stresses unless the pipe buckles.
On most of the plots the critical buckling force is only
exceeded for cases with zero or negative build rate. The bend-
ing stresses for buckled pipe are independent of the hole cur-
vature and generally follow curves in which the bending
stress increases more rapidly with increased axial load than
for the constant hole curvature cases.

The plots in Figures 67-74 (figures b) show the pipe body
contact length and the lateral contact forces between the pipe
body and the tool joints with the wall of the hole.

11.41 Example

An 8!/>-inch horizontal well will be drilled with 5-inch
19.50 Ib/ft drill pipe with 63/s-inch tool joints in an 8'/>-inch
hole with 10 Ib/gal mud. The maximum hole curvature will
be 16 degrees per 100 feet. The horizontal interval will be
drilled with surface rotation with loads up to 35,000 pounds.
What grade of drill pipe is required for this example?

11.4.2 Solution

11.4.2.1 Figure 69a shows the bending stresses and fatigue
limits for 5-inch, 19.5 Ib/ft drill pipe, with 6%/s-inch tool joints
in a 90-degree, 8'/>-inch hole with 10 Ib/gal mud. For a hole
curvature of 16-degrees-per-100-feet and an axial compres-
sive load of 35,000 pounds, the maximum bending stress is
24,000 psi. A slightly higher bending stress of 25,000 psi is
produced by a 24,000 pound axial load. The maximum bend-
ing stresses exceeds the fatigue endurance limits for API
Grade E75, X95, and D55 pipe, but is less than the fatigue
endurance limits for grades G105 and S135 pipe. Figure 69b
shows that at 35,000 pound axial load, the tool joint contact
forces would be about 2,600 pounds with a 16 degrees per
100 foot curvature rate. The pipe body contact force will be
about 600 pounds under a 35,000 pound axial load. For this
curvature rate the contact will be at the center of the span.

11.4.2.2 The maximum bending stresses for point and
wrap contact are directly proportional to the hole curvatures
and radial clearances between the pipe body and the tool
joints. This allows us to use the existing bending stress plots
to estimate the bending stresses for tool joint dimensions
other than used in preparing the plots. No adjustment is nec-
essary unless the loading condition produces point or wrap
contact. If this is the case, we can compute an adjustment fac-
tor from the actual size of the tool joint and use that to com-
pute an equivalent hole curvature to determine the correct
bending stress.

11.4.3 Example

Determine the maximum bending stresses for 4-inch, 14
Ib/ft drill pipe with 53%/s-inch tool joints in 20-degrees-per-
100-foot hole curvature, and a 20,000 pound axial compres-
sive load.

11.4.4 Solution

Figure 71a shows the bending stresses for 4-inch, 14 1b/ft
drill pipe, with 5'/4-inch tool joints. The actual tool joint out-
side diameter is 5%/s-inch or !/s-inch larger. Figure 75 shows
the hole curvature adjustment factors for various sizes of drill
pipe as a function of the difference in the tool joint outside
diameters. For an actual tool joint, !/s-inch larger than nomi-
nal, Figure 75 shows that with 4-inch drill pipe the curvature
adjustment factor is 1.1. To determine the maximum bending
stress for the /s inch larger tool joint in a 20-degrees-per-100-
foot hole curvature at 20,000 pound load, multiply the actual
hole curvature by the adjustment factor, 20-degrees-per-100-
feet times 1.1 = 22-degrees-per-100-feet. Using 22-degrees-
per-100-feet at 20,000 pounds on Figure 71a, the bending
stress for 5%/g-inch tool joints is 24,500 psi.

11.5 FATIGUE LIMITS FOR API DRILL PIPE

R. P. Morgan and M. J. Roblin*® developed a method of
measuring fatigue limits from small drill pipe samples. Their
technique preserves the effect of the "as produced" drill pipe
hot finish surfaces. They reported on the testing of API
Grades E75, X95, G105, and S135 as well as an experimental
high strength tubular identified as V180. Their test program
showed that the fatigue endurance limits for drillpipe corre-
late well with the tensile strength of the pipe. Table 21 shows
some of the results of their test program.

Table 21—Youngstown Steel Test Results*

Average  Endurance Limit
API API API Tensile

Minimum  Yield Tensile  Strength Minimum Median

Yield Strength ~ Strength of Test Test Test

Grade Strength Maximum Minimum Samples ~ Value Value
ksi ksi ksi ksi ksi ksi
E75 75 105 100 123 30 32
X95 95 125 105 132 32 35
G105 105 135 115 144 34 38
S135 135 165 145 167 36 40

*Youngstown Sheet and Tube Company, 1969 ASME Conference, Tulsa,
Oklahoma.

Casner’® has utilized their test results to determine the min-
imum fatigue endurance limits for API drillpipe that meets
the API minimum strength requirements. See Table 22.
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Table 22—Fatigue Endurance Limits Compressively
Loaded Dirill Pipe

Table 23—Values Used in Preparing Figure 77

Expected Ultimate =~ Minimum Fatigue
API API Strength and Fatigue ~ Stress Limit for
Minimum Minimum Tensile ~ Minimum Fatigue Typical Stress Limit for One 1,000,000
Grade Yield Strength Strength Endurance Limit Grade Yield Strength Revolution Revolutions
ksi ksi ksi ksi ksi ksi
E75 75 100 22.0 E75 87.5 121.5 26.7
X95 95 105 23.1 X95 103.0 131.5 289
G105 105 115 253 G105 124.0 149.5 329
S135 135 145 319 S135 150.0 159.0 35.0

11.6 ESTIMATING CUMULATIVE FATIGUE
DAMAGE

An interesting alternative to operating below the fatigue
endurance limits for drill pipe is to monitor the cumulative
fatigue damage caused by rotating in high curvature intervals
of the borehole and retire the pipe before failures occur. The
concepts for tracking the cumulative fatigue damage have
been well developed by Hansford and Lubinski.’”® The key
towards successful use of this technique is establishing the
appropriate stress versus revolutions to failure curves for the
various grades of API drill pipe. Figures 76 and 77 provide

estimates of the median expected failure limits found by Mor-
gan and Roblin and an estimate of the minimum failure limits
of API drill pipe that has been manufactured to average API
properties. We would expect that half of the drill pipe exposed
to the limits shown in Figure 76 would fail. The minimum
failure limits in Figure 77 should avoid fatigue failures on
typical API drill pipe. The median failure limits are based on
an exponential relationship that connects the average tensile
strength of the tested specimens representing one revolution
to failure with the median fatigue endurance limits represent-
ing one million cycles to failure. The average tensile strength
values and the median fatigues endurance limits from Table
21 were used to develop the stress versus revolutions to fail-
ure curves shown in Figure 76.

The equation is of the form: S — E

v
where
S = bending stress limit, psi,
TS = tensile strength of pipe, psi,
N = revolutions to failure,
x = afractional exponent of about 0.1.

The curves of minimum failure limits are also based on the
Morgan and Roblin data. Their report includes a table that
defines the typical yield and ultimate tensile strengths for nor-
malized Grade E75, normalized and tempered Grades X95
and G105, and quenched tempered Grade S135 API drill
pipe. Using Casner's defined 0.22 ratio we computed the

fatigued endurance limits for these tensile strengths. The SN
curve was computed by using the exponential relationship
described above with the tensile strength equal to the fatigue
endurance limit for one revolution and the fatigue endurance
limit values to represent the stress limit for one million revo-
lutions. The values used to prepare Figure 77 are summarized
in Table 23.

The cumulative fatigue damage is determined by counting
the revolutions of pipe in highly curved portions of the bore-
hole where the stresses exceed the fatigue endurance limits.
If, for example, the revolutions in a particular section of hole
represent 20 percent of the predicted revolutions to failure for
that dogleg severity it is judged that 20 percent of the fatigue
life has been consumed. Figures 76 and 77 can be used to
judge inspection levels and ultimate retirement levels. The
ultimate life can be judged from the plot of the median
fatigue limits of Figure 76. The appropriate minimum inspec-
tion levels can be judged from the minimum fatigue limits of
Figure 77. After exposure to this level of fatigue, inspection
and removal of damaged joints can extend the remaining
string life to or beyond the expected median life levels.

Figures 78 through 80 are plots of the bending stresses for
3!/>-inch, 27/s-inch, and 2%/s-inch drill pipe in highly curved
boreholes. The bending stresses determined from these plots
are used to determine the total number of revolutions that the
pipe can withstand from Figures 76 and 77. These are then
compared to the observed number of revolutions to determine
the level of fatigue damage. The ratio of the revolutions to the
predicted median revolutions to failure defines the fraction of
the drillpipe fatigue life consumed in drilling through the high
curvature hole.

11.6.1 Example

An example of the cumulative fatigue damage calculations
is given by the following. Consider drilling a 500-foot hori-
zontal hole below a 100-foot radius build curve with 3'/>-inch
S135 drill pipe. Drill pipe will be rotated at 30 RPM with
10,000 WOB, and is expected to drill at 15 feet per hour. The
equivalent build rate is given by:
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5730

R

where
B = build rate, degrees/100 ft.,
R = build radius, ft.

For this case: B =2730 57.3 degrees/100ft.

100

11.6.2 Solution

Figure 78a shows that at 10,000 pound axial compressive
load and a 57-degrees-per-100-foot build rate the maximum
bending stress is 50,000 psi. Figure 76 predicts that half of the
S135 pipe will fail under a 50,000 psi bending stress after
110,000 revolutions. The minimum failure limits of Figure 77
predict that S135 pipe can be rotated 39,000 revolutions with-
out failure.

The number of revolutions of exposure is given by:

605 LERPM
ROP

N

where
N = revolutions of exposure,
L = length of high curvature hole, ft.,
RPM = rotary speed, rev/min,
ROP = penetration rate, ft/hr.

The length of L of our 90 degree build curve is equal to:

9 9
L="eR=26100 = 157 fi
2 2

Therefore, the number of revolutions of exposure for the
pipe that is rotated through the build curve is equal to:

0( N 608157830 = 18840 revolutions
15

The cumulative damage can be computed by comparing
the revolutions of exposure to the 110,000 revolutions
required to cause half of the pipe to fail. This suggests that 17
percent of the fatigue life of the affected pipe has been con-
sumed in drilling one well. Comparing the revolutions of
exposure to the minimum fatigue limit of 39,000 revolutions
I evaluates the risk of a failure. For this case, the 18,840 revolu-
tions of exposure represents 48 percent of the minimum
fatigue life expected for the S135 pipe. This suggests that two
wells could be drilled with this string before inspecting and
downgrading or removing fatigue damaged joints from ser-
vice. Continued use of the string will require removing signif-
icant portions of the affected pipe in order to prevent failures.

11.7 BENDING STRESSES ON BUCKLED DRILL
PIPE

The bending stresses on buckled drill pipe must account
for both the mechanics of buckling and the additional bend-
ing caused by the axial load and the tool joints. The curvature
produced by buckling is given by:

FEh £57.3E12£100

2EEET

EE]

buc

= curvature of buckled pipe, °/100 ft.,
F = axial load, Ib.,

D;, = hole diameter, in.,

Dy, = tool joint OD, in.,

h. = radial clearance

I = area moment of inertial of pipe, in.%,
Young's modulus, psi
= 30 x 10° psi for steel.

by
I

This curvature can be used in place of the hole curvature in
the equations covered in Section 11.4.

12 Special Service Problems
121 SEVERE DOWNHOLE VIBRATION%

Downbhole vibration is inevitable. In many cases, low levels
of vibration go undetected and are harmless. However, severe
downhole vibration can cause drillstring fatigue failure
(washout/twist-off), crooked drillstrings, premature bit fail-
ure, and reduced penetration rates. The main sources of exci-
tation are provided by the interaction of the bit with the
formation and the drillstring with the wellbore. The drillstring
response to these excitation sources is very complex.

Vibration can induce three components of motion in the
drillstring and the bit, namely: axial (motion along drillstring
axis), torsional (motion causing twist/torque) and lateral (side
to side motion). All three dynamic motions may coexist and
one motion may cause another.

While theories exist, there is no general agreement on how
to predict (calculate) when damaging vibrations will occur.
However, by observing the symptoms of severe downhole
vibrations, probable mechanisms may be determined and
appropriate corrective actions taken.

Severe downhole vibration is often accompanied by symp-
toms belonging to more than one mechanism. This fact makes
the detection of the primary mechanism more difficult. For
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example, an increase in MWD shock counts, which is indica-
tive of BHA lateral vibration, can be caused by BHA Whirl,
Bit Bounce, or other mechanisms. Additional clues, such as
bit tooth breakage, for this example, are required for the iden-
tification of the primary vibration mechanism.
There are a number of mechanisms which can cause severe
downbhole vibration. For mechanisms, their symptoms, and
methods of control are described below:

| a. Slip stick:

1. Mechanism—Non-uniform bit rotation in which the bit
slows or even stops rotating momentarily, causing the
drillstring to periodically torque up and then spin free.
This mechanism sets up the primary torsional vibrations
in the string.

2. Symptoms—surface torque fluctuations >15 percent of
average (below 1 Hz or stalling), increased MWD shock
counts, cutter impact damage, drillstring washouts/twist-
offs, connection over-torque or back-off.

Note: 1 Hz is one cycle per second.

3. Actions—reduce WOB and increase RPM, consider a
less aggressive bit, modify mud lubricity, reduce stabilizer
rotational drag (change blade design or number of blades,
use non-rotating stabilizer or roller reamer), adjust stabi-
lizer placement, smooth well profile, add rotary feedback
system.
b. Drillstring whirl:
1. Mechanism—the BHA (or drillpipe) gears around the
borehole. The violent whirling motion slams the drill-
string against the borehole. The mechanism can cause
torsional and lateral vibrations.
2. Symptoms—drillstring washouts/twist-offs, localized
tool joint and/or stabilizer wear, increased average torque,
5 to 20Hz lateral vibrations even if bit off-bottom.
3. Actions—Ilift bit off bottom and stop rotation, then
reduce RPM, avoid drill collar weight in excess of 1.15 to
1.25 times WOB, use packed hole assembly, reduce stabi-
lizer rotational drag, adjust stabilizer placement, modify
mud properties, consider drilling with a downhole motor.
c. Bit whirl:
1. Mechanism—eccentric rotation of the bit about a point
other than its geometric center caused by bit/wellbore
gearing (analogous to a planetary gear). This mechanism
induces high frequency lateral and torsional vibration of
the bit and drillstring.
2. Symptoms—cutter impact damage, uneven bit gauge
wear, over-gauge hole, reduce ROP, 10 to 50 Hz lateral/
torsional vibrations.
3. Actions—Ilift bit off bottom and stop rotation, then
reduce RPM and increase WOB, consider changing bit
(flatter profile, anti-whirl), use slow RPM when tagging

bottom and when reaming, pickoff bottom before stop-

ping rotation, use stabilized BHA with full gauge near-bit
stabilizer or reamer.
d. Bitbounce:
1. Mechanism—Iarge weight-on-bit fluctuations causing
the bit to repeatedly lift off and impact the formation. This
mechanism often occurs when drilling with roller cone
bits in hard formations.
2. Symptoms—Iarge axial 1 to 10 Hz vibrations (shaking
of hoisting equipment), large WOB fluctuations, cutter and/
or bearing impact damage, fatigue cracks, reduced ROP.
3. Actions—run shock sub or hydraulic thruster, adjust
WOB/RPM, consider changing bit style, change length of
BHA.
e. Other mechanisms—some field data and theoretical stud-
ies indicate that certain “critical speeds” exist which excite
resonant vibrations. Previous editions of Recommended Prac-
tice 7G gave formulas and graphs for predicting these critical
speeds. However, severe vibrations have been routinely mea-
sured at RPM other than those give by these simple
calculations.

12.2 TRANSITION FROM DRILL PIPE TO DRILL
COLLARS

Frequent failure in the joints of drill pipe just above the
drill collars suggests abnormally high bending stresses in
these joints. This condition is particularly evident when the
hole angle is increasing with depth and the bit is rotated off
bottom. Low rates of change of hole angle combined with
deviated holes may result in sharp bending of the first joint of
drill pipe above the collars. When joints are moved from this
location and rotated to other sections, the effect is to lose
identity of these damaged joints. When these joints later fail
through accumulation of additional fatigue damage, every
joint in the string becomes suspect. One practice to reduce
failures at the transition zone and to improve control over the
damaged joints is to use nine or ten joints of heavy wall pipe,
or smaller drill collars, just above the collars. These joints are
marked for identification, and used in the transition zone.
They are inspected more frequently than regular drill pipe to
reduce the likelihood of service failures. The use of heavy
wall pipe reduces the stress level in the joints and ensures
longer life in this severe service condition.

12.3 PULLING ON STUCK PIPE

It is normally not considered good practice to pull on stuck
drill pipe beyond the minimum tensile yield strength for the
size, grade, weight, and classification of the pipe in use (see
Tables 4, 6, and 27). For example, assuming a string of 5-in.,
19.5 1b/ft Grade E drill pipe is stuck, the following approxi-
mate values for maximum hook load would apply:

Premium Class: 311,535 lbs
Class 2: 270,432 lbs
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The stretch in the drill pipe due to its own weight sus-
pended in a fluid should be considered when working with
drill pipe and the proper formulas to use for stretch when free
or stuck should be used.

12.3.1 Example | (see A.6 for derivation):

Determine the stretch in a 10,000 foot string of drill pipe
freely suspended in 10 1b/gal drilling fluid.

L2
e= : [65.44 - 1.44 W] (22)
9.625 = 107
10,0002
=——— [65.44-1.44 = 10]
9.625 = 107
=53.03 in,,

where
L = length of free drill pipe, feet,
W, = weight of drilling fluid, 1b/gal,
e = stretch, inches.

12.3.2 Example Il (see A.4 for derivation):

Determine the free length in a 10,000 foot string of 4!/>-in.
OD 16.60 1b/ft drill pipe which is stuck, and which stretches
49 in. due to a differential pull of 80,000 1bs.

L 5B CEW,

7 (23)
735,294 =49 = 16.60
- 80,000
=7476 ft.,
where
L, = length of free drill pipe, feet,

e = differential stretch, inches,

W,, = weight of drill pipe, pounds per foot,
P = differential pull, pounds.

12.4 JARRING

It is common practice during fishing, testing, coring and
other operations to run rotary jars to aid in freeing stuck
assemblies. Normally, the jars are run below several drill col-
lars which act to concentrate the blow at the fish. It is neces-
sary to take the proper stretch to produce the required blow.
The momentum of the moving mass of drill collars and
stretched drill pipe returning to normal causes the blow after
the jar hammer is tripped. A hammer force of three to four
times the excess of pull over pipe weight is possible depend-
ing on type and size of pipe, number (weight) of drill collars,
drag, jar travel, etc. This force may be large enough to dam-
age the stuck drill pipe and should be considered when jarring
operations are planned.

12.5 TORQUE INWASHOVER OPERATIONS

Although little data are available on torque loads during
washover operations, they are significant. Friction and drag
on the wash pipe cause considerable increases in torque on
the tool joints and drill pipe, and should be considered when
pipe is to be used in this type service. This is particularly true
in directionally drilled wells and deep straight holes with
small tolerances. (See 12.6.)

12.6 ALLOWABLE HOOKLOAD AND TORQUE
COMBINATIONS

Allowable hookloads and torque combinations for stuck drill
strings may be determined by use of the following formula:

0.096167.J
Q: zn - E 5
D A2

Or = minimum torsional yield strength under tension,
Ib-ft.,
J = polar moment of inertia:
E(D*- %) for tubes,
32

outside diameter, inches,
inside diameter, inches,

24)

where

Y, = minimum unit yield strength, psi,

Sy = minimum unit shear strength, psi:
(Ss=0.577 Yu),

P = total load in tension, pounds,

cross section area.

o
Il

An example of the torque which may be applied to the pipe

which is stuck while imposing a tensile load is as follows:
ssume:

a. 3'/2-in. OD 13.30 Ib Grade E drill pipe.
b. 3!/>-in. IF tool joints.

c. Stuck point: 4000 feet.

d. Tensile pull: 100,000 pounds.

e. New drill pipe.

Then:

= 2
0, - 0:096167.9.00 JUS’OOO)z (100,000

Qr=17,216 Ib-ft.

For further information on allowable hookloads, torque
application, and pump pressure use, see Stall and Blenkarn:
Allowable Hook Load and Torque Combinations For Stuck
Drill Strings."?
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12.7 BIAXIAL LOADING OF DRILL PIPE

The collapse resistance of drill pipe corrected for the effect
of tension loading may be calculated by reference to Figure
81 and the use of formulas and physical constants contained
in 12.8,12.9, 12.10, and 12.11.

12.8 FORMULAS AND PHYSICAL CONSTANTS

The ellipse of biaxial yield stress shown in Figure 46 is for
use in the range of plastic collapse only, and gives the relation
between axial stress (psi) in terms of average yield stress (psi)
and effective collapse resistance in terms of nominal plastic
collapse resistance. This relationship is depicted in the fol-
lowing formula:

r?+rz+z2 =1, having solutions as follows:

z :___}:__'___H and (1)

2 >

z+ [4-322
re T 2

where

— Effective collapse resistance under tension (psi) 3,
Nominal plastic collapse resistance (psi)

Total tensile loading (pounds) @
z = N
Cross section area & Average yield strength

Average yield strengths in psi are as follows:

Grade E75...c.ccocvvveieienn 85,000
Grade X95......ccevveienes 110,000
Grade G105................... 120,000
Grade S135 ... 145,000

12.9 TRANSITION FROM ELASTIC TO PLASTIC
COLLAPSE

Material in the elastic range when under no tensile load,
transfers to the plastic range when subjected to sufficient
axial load. Axial loading, below the transition load, has no
effect on elastic collapse. At transition point, the collapse
resistance under tension equals the nominal elastic collapse,
and also equals a tension factor () times collapse resistance
as calculated from the nominal plastic formula.

Method: Determine values for both elastic and plastic col-
lapse from applicable formulas in Appendix A, substitute in
formula (3), 12.8 and solve for r. Then, solve formula (1),
12.8, for z. For the total tension (transition) load, substitute
value of z in formula (4), 12.8.

12.10 EFFECT OF TENSILE LOAD ON COLLAPSE
RESISTANCE

The effect of tensile load applies only to greater than tran-
sition load on normally elastic items, and to any load on plas-
tic collapse items. In either case, the value determined from
the plastic collapse formula (Appendix A) is to be modified.

Method: Substitute the tensile load value in formula (4),
12.8, to find a value for z. Substitute this value in formula (2),
12.8, to permit solution for . Next, substitute the value of r in
formula (3), 12.8, to obtain the effective collapse resistance
under tension.

12.11 EXAMPLE CALCULATION OF BIAXIAL
LOADING

An example of the calculation of drill pipe collapse resis-
tance, corrected for the effect of tensile load is as follows:

Given: String of 5-inch OD, 19.50 Ib per ft, Grade E Pre-
mium Class drill pipe.

Required: Determine the collapse resistance corrected for
tension loading during drill stem test, with drill pipe empty
and 15 Ib per gal. mud behind the drill pipe. Tension of
50,000 1b on the joint above the packer.

Solution: Find reduced cross section area of Premium
Class drill pipe as follows:

a. Nominal OD = 5 inches, nominal wall thickness = 0.362
inches.
. Nominal ID =4.276 inches.
. Reduced wall thickness for premium.
. Class =(0.8)(0.362) = 0.2896 inches.
. Reduced OD for premium class =4.8552 inches.
Cross-sectional area for premium.
Class = reduced OD area - nominal ID area
18.5141 - 14.3603 = 4.1538 sq. inches.
. Tension load on bottom joint = 50,000 : 4.1538
12037 psi.
i. Average yield strength for Grade E drill pipe = 85,000 psi.
Percent tensile stress to average yield strength
12,037

85,000
k. Enter Figure 81 at 14.16 percent on upper right horizontal
scale and drop vertically to intersect right-hand portion of the
ellipse. Proceed horizontally to the left and intersect Nominal
Collapse Resistance (center vertical scale) at 92 percent.
1. Minimum collapse resistance for premium class (Table 5)
=7041 psi.
m. Corrected collapse resistance for effect of tension
=(7041)(.92) = 6478 psi.

s 1ag=H>o oo o

—.

£ 100 = 14.16 percent

CAUTION: No safety factors are included in this example
calculation.
Note: Use reduced values for cross sectional area, tension and collapse rat-

ing for the appropriate class (Premium, Class 2) of used drill pipe being
considered.

98



Axial Stress—Percent of Yield Stress

0 —-100 —80 —60 —40 —20 0 20 40 60 80 100 2
7
|
10
Axial Stress—Percent of Yield
ri T 1 1
20 Compression | e 20
7 - and burst \7 I
) o /' 7 30
g - /]
8 G , Tension y,
% 40 ,' < ,”]'and burst ~ 40
Q 8 / %
o o / Pz V.
2 a 50 /
! 17 7 / /
= A 7 4
<]
O 60 £ Compression ’ /, 60
o] %) and collapse L/
£ g z / 4
£ [e] \ // // 70 V4
2 T - A—  Tension A
5 \< ’ e _and collapse L]
£ 80 N A | 80 .
8 I O O I 9
o AN P
& Miller and Edwards Data 90
O Tension—collapse
X Tensions—stretch
100 Vv Compression—collapse 10
Q
= = 110
’ g
pot 11
[N
120 1 1
Longitudinal Compression Longitudinal Tension

Note: Applies only in a noncorrosive environment.
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Identification, inspection and classification of used drill stem components are removed from this document and will
09| now be covered in APl Recommended Practice 7G-2/ISO 10407-2, Recommended Practice for Inspection and Clas-
sifcation of Used Drill Stem Elements.
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Identification, inspection and classification of used drill stem components are removed from this document and will
now be covered in APl Recommended Practice 7G-2/ISO 10407-2, Recommended Practice for Inspection and Clas- |9
sifcation of Used Drill Stem Elements.
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Identification, inspection and classification of used drill stem components are removed from this document and will
09| now be covered in APl Recommended Practice 7G-2/ISO 10407-2, Recommended Practice for Inspection and Clas-
sifcation of Used Drill Stem Elements.
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Identification, inspection and classification of used drill stem components are removed from this document and will
now be covered in APl Recommended Practice 7G-2/ISO 10407-2, Recommended Practice for Inspection and Clas- |09
sifcation of Used Drill Stem Elements.
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Identification, inspection and classification of used drill stem components are removed from this document and will
09| now be covered in APl Recommended Practice 7G-2/ISO 10407-2, Recommended Practice for Inspection and Clas-
sifcation of Used Drill Stem Elements.
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Identification, inspection and classification of used drill stem components are removed from this document and will
now be covered in APl Recommended Practice 7G-2/ISO 10407-2, Recommended Practice for Inspection and Clas- |09
sifcation of Used Drill Stem Elements.
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Identification, inspection and classification of used drill stem components are removed from this document and will
09 ] now be covered in APl Recommended Practice 7G-2/ISO 10407-2, Recommended Practice for Inspection and Clas-
sifcation of Used Drill Stem Elements.
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Identification, inspection and classification of used drill stem components are removed from this document and will
now be covered in APl Recommended Practice 7G-2/ISO 10407-2, Recommended Practice for Inspection and Clas- |09
sifcation of Used Drill Stem Elements.
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Table 27—Hook-Load at Minimum Yield Strength for New, Premium Class (Used), and Class 2 (Used)
Tubing Work Strings
(Hook load values in this table vary slightly from tensile data for the same pipe size and class listed in
Tables 2, 4, 6, 8, and 9 because of differences in rounding procedures used in calculations.)
o» @ 0 @ ®) ©) (@) ®) ©) 10 an a2 3 (14) (15) (16) amn 18)
New Premium Class Class 2
2 2 < § 2. = < § 2. =
%) 2 S =2 o « =] S«

g 5% T S5 .23 JE $g 3 22 2% fe %

=) - = = = S €8 Z2EQ B A5 S £33 2ER B K2 S

o < = = £ 3 v s EFL g5 e = s EZC oS8 L= 2

- - -5 S o3 E53 53 28 % 23 E5% 83 68 %

w 2 & = B Ja S s o =2 £&v O< = O0F =2 2w C< =&

in. b/t in. in. in. sq. in. psi b in. in. sq. in. % b in. in. sq. in % b
3, 120 1.050 0.113 0.824 0.3326 55000 18295 1.0048  0.090 0.2597 78.07 14283. 0.9822 0.079 0.2244 6747 12343.
75000 24948 19477. 16832.
80000. 26611 20775. 17954.
105000. 34927 27267. 23564.
3, 1.50 1.050 0.154 0.742 0.4335 55000. 23842. 0.9884 0.123  0.3349 7725 18418. 0.9576  0.108 0.2878 66.39 15829.
75000. 32512 25115. 21585.
80000. 34679 26790. 23024.
105000. 45516 35161. 30219.
1 1.80 1315 0.133 1.049 0.4939 55000. 27163. 1.2618 0.106 0.3862 7820  21242. 12352 0.093 03340 67.64 18372.
75000. 37041 28966. 25053.
80000. 39510 30897. 26724.
105000. 51857 40552. 35075.
1 225 1315 0.179 0957 0.6388 55000. 35135. 1.2434  0.143 04950 7748  27222. 12076 0.125 0.4260 66.69 23432.
75000.  47912. 37122. 31953.
80000.  51106. 39596. 34083.
105000. 67077 51970. 44734,
14 240 1.660 0.140 1380 0.6685 55000. 36769. 1.6040 0.112  0.5250 78.53  28873. 1.5760 0.098 0.4550 68.07 25027.
75000. 50140 39373. 34128.
80000. 53482 41998. 36403.
105000. 70196 55122. 47779.
14 302 1.660 0.191 1.278 0.8815 55000. 48481. 1.5836 0.153  0.6868 77.92 37776. 1.5454 0.134  0.5930 67.27 32613.
75000. 66110 51513. 44472.
80000. ~ 70517 54947. 47437.
105000. 92554 72118. 62261.
14 320 1.660 0.198 1.264 0.9094 55000. 50018. 1.5808 0.158 0.7078 77.83  38930. 1.5412 0.139 0.6107 67.16 33590.
75000. 68206 53087. 45805.
80000. 72753 56626. 48858.
105000. 95489 74322. 64126.
1, 290 1.900 0.145 1.610 0.7995 55000. 43970. 1.8420 0.116  0.6290 78.68  34595. 1.8130 0.101  0.5457 68.26 30016.
75000. 59959 47175. 40931.
80000. 63957 50320. 43660.
105000. 83943 66045. 57304.
1, 419 1.900 0.219 1462 1.1565 55000. 63610. 1.8124 0.175 0.9011 77.92  49562. 1.7686  0.153  0.7779 67.26 42787.
75000. 86741 67584. 58345.
80000. 92523 72090. 62235.
105000. 121437. 94618. 81684.
26 325 2063 0.156 1.751 0.9346 55000. 51403. 2.0006 0.125 0.7354 78.69  40450. 1.9694 0.109 0.6382 68.28 35099.
75000.  70095. 55158. 47862.
80000.  74768. 58836. 51053.
105000.  98133. 77222. 67007.
28 470 2375 0190 1.995 1.3042 55000.  71733. 22990 0.152  1.0252 78.61  56388. 22610 0.133  0.8891 68.17 48903.
75000.  97817. 76893. 66686.
80000. 104339. 82019. 71132.
105000. 136944. 107650. 93360.
238 530 2375 0218 1939 14773 55000. 81249. 22878 0.174  1.1579 7838  63686. 22442 0.153  1.0027 67.88 55150.
75000. 110794. 86844. 75205.
80000. 118181. 92634. 80218.
105000. 155112. 121581. 105286.
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Table 27—Hook-Load at Minimum Yield Strength for New, Premium Class (Used), and Class 2 (Used)

Tubing Work Strings (Continued)

(Hook load values in this table vary slightly from tensile data for the same pipe size and class listed in

Tables 2, 4, 6, 8, and 9 because of differences in rounding procedures used in calculations.)

o @ 3 @ ®) ©6) (@) ®) ©) 10) an a2 (13 14 s) ae (17 (18)
New Premium Class Class 2
2 2 < § % = x 8 % =
Q 8 3 [N =1 e [+ [N =1 e [+
§ 3 Sz T S2 w2 Sf fg ¥ 2 22 9% 22 3
2 - = = E S £33 ZE8 B A2 S €3 ZER B 42 S
°c 5 g E £8 = 52 ESS 28 525 % 52 ESZ 28 2% X
R 5 2 B 28 3 g oF £E5F 58 3% 2 ns E5E 83 £& 3
n B S = B oJa4 >~ es o S22 v O< & OF ZSx2 ¢¥& O s
in. b/t in. in. in. sq. in. psi Ib in. in. sq. in % Ib in. in. sq. in % Ib
27/g 595 2375 0.254 1.867 1.6925 55000. 93087. 2.2734  0.203 1.3216 78.08  72686. 22226 0.178 1.1422  67.49 62820.
75000. 126936. 99117. 85663.
80000. 135399. 105725. 91374.
105000. 177711. 138764. 119928
238 6.50 2.875 0.217 2441 1.8120 55000. 99661. 2.7882  0.174  1.4260 78.69  76427. 27448 0.152 1.2374 68.29 88054.
75000. 135902. 106946. 92801.
80000. 144962. 114076. 98988.
105000. 190263. 149725. 129922.
27/g 8.70 2.875 0.308 2259 24839 55000. 136612. 2.7518 0.246  1.9394 78.08 106667. 2.6902 0216 1.6761 67.48 92186.
75000. 186289. 145455. 125709.
80000. 198708. 155152. 134089.
105000. 260805. 203637. 175992.
27/g 9.50 2.875 0.340 2.195 2.7077 55000. 148926. 2.7390 0.272  2.1081 77.85 115945. 2.6710 0.238 1.8192  67.18  100053.
75000. 203080. 158106. 136436.
80000. 216619. 168647. 145532.
105000. 284313. 221349. 191011.
27/g 10.70 2.875 0.392 2.091 3.0578 55000. 168180. 2.7182  0.314 23690 77.47 130296. 2.6398 0274 2.0391 66.68 112151.
75000. 229337. 177676. 152933.
80000. 244626. 189522. 163128.
105000. 321072. 248747. 214106.
27/g 11.00 2.875 0.405 2.065 3.1427 55000. 172848. 2.7130 0324 24317 77.38 133744. 2.6320 0.283  2.0917 66.56 115042.
75000. 235702. 182378. 156875.
80000. 251415. 194536. 167334.
105000. 329983. 255329. 219626
31/, 12.80 3.500 0.368 2.764 3.6209 55000. 199151. 3.3528 0.294  2.8287 78.12 155577. 32792  0.258  2.4453 67.53 134492.
75000. 271569. 212150. 183398.
80000. 289674. 226293. 195624.
105000. 380197. 297010. 256757.
31/, 12.95 3.500 0.375 2.750 3.6816 55000. 202485. 3.3500 0.300 2.8746 78.08 158101. 32750 0.263 2.4843 6748 136637.
75000. 276117. 215592. 186323.
80000. 294524. 229965. 198745.
105000. 386563. 301828. 260853.
31/, 15.80 3.500 0.476 2.548 4.5221 55000. 248715. 3.3096  0.381 3.5038 77.48 192708. 32144 0333 3.0160 66.69 165879.
75000. 339156. 262783. 226198.
80000. 361767. 280302. 241278.
105000. 474819. 367897. 316678.
31/, 16.70 3.500 0.510 2.480 4.7906 55000. 263484. 3.2960 0.408 3.7018 77.27 203596. 3.1940 0357 3.1818 66.42 175001.
75000. 359296. 277631. 238638.
80000. 383249. 296140. 254547.
105000. 503015. 388684. 334093.
41/, 15.50 4.500 0337 3.826 4.4074 55000. 242409. 43652 0270 3.4689 78.70 190788. 42978 0.236  3.0103 68.30  165565.
75000. 330558. 260165. 225771.
80000. 352595. 2775009. 240823.
105000. 462781. 364231. 316080.
41/, 19.20 4.500 0.430 3.640 5.4981 55000. 302396. 4.3280 0.344 43055 78.31 236805. 4.2420 0.301 3.7267 67.78  204968.
75000. 412358. 322916. 279502.
80000. 439848. 344443. 298135.
105000. 577301. 452082. 391302.
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Identification, inspection and classification of used drill stem components are removed from this document and will
09] now be covered in APl Recommended Practice 7G-2/ISO 10407-2, Recommended Practice for Inspection and Clas-
sifcation of Used Drill Stem Elements.
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Identification, inspection and classification of used drill stem components are removed from this document and will
now be covered in APl Recommended Practice 7G-2/ISO 10407-2, Recommended Practice for Inspection and Clas- |09
sifcation of Used Drill Stem Elements.
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Identification, inspection and classification of used drill stem components are removed from this document and will
09| now be covered in APl Recommended Practice 7G-2/ISO 10407-2, Recommended Practice for Inspection and Clas-
sifcation of Used Drill Stem Elements.
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Identification, inspection and classification of used drill stem components are removed from this document and will
now be covered in APl Recommended Practice 7G-2/ISO 10407-2, Recommended Practice for Inspection and Clas- |09
sifcation of Used Drill Stem Elements.
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Identification, inspection and classification of used drill stem components are removed from this document and will
09| now be covered in APl Recommended Practice 7G-2/ISO 10407-2, Recommended Practice for Inspection and Clas-
sifcation of Used Drill Stem Elements.
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15 Dynamic Loading Of Drill Pipe
Note: For quantitative results, see Reference 15, Appendix B.

15.1 When running a stand of drill pipe into or out of the
hole, the pipe is subjected not to its static weight, but to a
dynamic load.

15.2 The dynamic load oscillates between values which are
greater and smaller than the static load (the greater values
may exceed the yield), which results in fatigue, i.e., shorten-
ing of pipe life.

15.3 Dynamic loading may exceed yield in long strings,
such as 10,000 feet.

15.4 Dynamic loading increases with the length of drill col-
lar string.

15.5 In the event the smallest value of the dynamic load
tries to become negative, the pipe is kicked off the slips, and
the string may be dropped into the hole.

15.6 The likelihood of dynamic loading resulting in a
jumpoff (kicking of the slips) increases as the drill pipe
string becomes shorter and the collar string becomes longer.

15.7 For a long drill pipe string, such as 10,000 feet, a
jumpoff is possible only if drill pipe, after having been
pulled from the slips, is dropped at a very high velocity, such
as 16 ft/sec.

15.8 Dynamic phenomena are severe only when damping
is small, which may be the case in exceptional holes, in
which there are no doglegs, the deviation is small, the cross-

Joo
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sectional area of the annulus is large, and the mud viscosity 16.5  The seven-column-listings—under-the-heading.Fea-
and weight are low. tures—inelude seven-features-common-to-the milled-tooth-and

15.9 In case of small damping, the running time of a stand .
czperzadbandpanomead Pon faes b dlasia o npaan

of drill pipe should not be less than 15 seconds.
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L Fable-32 “eﬁsg”E"“lel”de;d I"IE'IEEE.IEI'EE.IE'G'EEI;a 908

Fourth-Position
H’“BHB. mg.%des.m“‘sea“’.ﬂ’? thpssf“?““*? character Minirmm— Maximum-—
TADC bitclassitication code to-indicate additional- design features: Mal T
CodeFeatsre——————— CodeFeature Connection ft-1b ft-1b
- —
A—Adrapplication N 24 APIREG 3000 3500
B o
- CenterJet P 27 APIREG 4500 5500
D—DeviationControl Q
E—Extended Jets? R Reinforced Welds® EAEE R +I SUgY
E S Standard-Steel Tooth- Medel* 44#2 APLREG 12000 16000
G baxtra Gauge/Body-Protection ¥
H U 6L APIREG 28000 32000
I \/
i ’ PlAPIREG 34000 40000
e
Chiscl Inserts 8% APIREG 40000 60000

Other Insert Shapes Note:
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. Tablo 34O Rollor Bit Si
rable-33 “ESE'E'"“EE. oo I’II"E" .'IE'E'.I"IE“EE HpFOrGes

Size szit’ Size 6£Bit>
Pintb b Make-up-Torque
00} Connection i i flb 4 8%
1APIReg 075 156 185 3 9%
H'4L-APIREG 160 2.00 665
2%/ APLREG 1 3 1794 44 10%
3"#3 ;.24—1-9i 51 ’28 _1_1_
3%, 3085+
6 1Y,
27 APIREG EEA 3t 3073% 64 134
3%, 4617
31 #8 1 6 58 647[4 1 437[4
6 16
3L APIREG e 44 5474
4, 306 64 174,
A 7660 74 20
4L APIREG 2V, 5 12454 &h =
B le476% g 24
6 17551
3 26
617757 N -
6% APIREG 3, 7, 37100
Pl 237957 . . .
7857 Table 35— Common Eixed Cutter Bit Sizes
8 38493
84 38527 SizeofBit——— SizeofBit;
P4APIREG— 3%, 8% 48296 PN )
4 57704
9 59966 4 8%
9%, 60430 ye 9'
9 60895
5 Q+ #8
6 10%%
6" 124,
6% 14,
6" 16
6y 7

41113







APPENDIX A— STRENGTH AND DESIGN FORMULAS

A.1 Torsional Strength of Eccentrically
Worn Drill Pipe

Assume 1: Eccentric hollow circular section (see Figure A-1).
Reference: Formulas for Stress & Strain, Roark, 3rd Edition.

_—— -}

e

d
D

Figure A-1—Eccentric Hollow Section of Drill Pipe

4
_ P D' -d) , A
12616 EDEF
where
= 1+__4_]Yf7_(1_-c.+_____3_2_Nz_XT_':2_____
(1-N) (1-N) (1-NY
48N? (1 + 2N? + 3N + 2N WS
(1-N) (1-NY (1-N% ’
N = dD,
e
XT[ = D’

T = torque, ft-1bs.,

Sy = minimum shear strength, psi,
D = outside diameter, in.,

d = inside diameter, in.

Assume 2: The internal diameter, d, remains constant and
at the nominal ID of the pipe throughout its life.

Assume 3: The external diameter D is d + ¢ nominal + ¢
minimum,; i.e., all wear occurs on one side. This diameter is
not the same as diameter for uniform wear.

133

Note: Torsional yield strengths for Premium Class, Table 4, and Class 2,
Table 6 were calculated from Equation A.1, using the assumption that wear is
uniform on the external surface.

Formula Factors
e A B € ]
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zone between-elastic-and-plastic range: L£i—=length-of free-drill pipe; i
- L 2
(A - € ’5. .
P 8 B weighper ot ot mipelbs
DL W . ' g =
B s
Factors-and-applicable D/t ratios for application-of Equa Where £ =30x10°thisformula-becomes:
| 735294t el W
Formula Factors 2 > AD
Grade A B DltRatio
£ 990 00448 22903205 A-5—Internal Pressure
X95 2.029 0.0482 2133462836 )
s135 2133 0.0615 191802344
B= %Y”'{, (A-8) |93
where
_ 46.95:10° P= —psiz
L : AS) v - ), A i

G1o5 26.89-and greater

.................................................................................. o-ana

A.6 Stretch of Suspended Drill Pipe

When pipe is freely suspended in a fluid, the stretch due to
its own weight is:

_ L’
e=—— [W,-2W(1 - , A.10
g | (1 - w)] (A.10)
where
e = stretch, in.,
length of free drill pipe, ft., ] 98

=
I
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E = modulus of elasticity, psi, e
W, = weight of pipe material, Ib/cu ft., =
Wy = weight of fluid, Ib/cu ft., Y=
00| p = Poisson's ratio. — OS5 ;
deill-pipe)-
For steel pipe where W, = 489.5 Ib/cu ft, E = 30 x 10° psi
and p=0.28, this formula will be: A8 Torsional Yield Strength of Drill Pipe
2
e=—S— [4895-144W] . (A1)  Ag4 PURETORSION
72210
B
or 0= el
D
2
e= [65.44 - 1.44W,] , (A.12) where
9.625 = 107 =
where For=
Wy = weight of fluid, Ib/cu ft., I
W, = weight of fluid, Ib/gal. ———32—69“—44%%%
: 11 D; =ohocdis b S
03] A.7 Tensile Strength-of Drill Pipe Body il
P=Y, 4 A13) d———mﬁd%éfameter,—;&’
3,
4—5/8—>
g [P ”{ }e i
N
J— | <
P | Box \X /
I
AP: Pin
| |
R T ¢ L L
g g 2 2
Ry
ID

Figure A-2—Rotary Shouldered Connection
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Applicd Tensilo Lead {lbs)
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Figure A-3a—Make-up Torque Then Tension
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Figure A-3b—Tension Then Torque
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12(A4p + 4p)Ta
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A.15 Critical Buckling Force for Curved
Boreholes?27.29.30,31,32

A.15.1 The following equations define the range of hole
curvatures that buckle pipe in a three dimensionally curved
borehole. The pipe buckles whenever the hole curvature is
between the minimum and maximum curvatures defined by
the equations.

4eEel
if Fp< AR S pipe not buckled,
12& h.ERy

lbe.:le_,hc{;RL’

128h EF
“ 4gper ]

—5730( 2 (Fb21/2
W -

By = + W€ sin8] :

L e TR

5730 (Wz (Fb 2 1/2

BVmax =

Fp L: « LRL))

where
F, = critical buckling force (+ compressive) (Ib),
Bymin = minimum vertical curvature rate to cause buck-
ling (+ building, - dropping) (°/100 ft),
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Byma: = maximum vertical curvature rate that buckles
pipe (+ building, - dropping) (°/100 ft),

We, = equivalent pipe weight required to buckle pipe
at [ axial load,
E = 29.6x10° psi,

[=-078540D - ID?)_

16
(65.5 M
W = W -t 5- buoyant weight of pipe (Ib/ft),
" 655

W, = actual weight in air (1b/ft),
MW = mud density (Ib/gal),
, — (Du-TJOD
a2 )
hole (in.),
Dy = diameter of hole (in.),
TJOD = OD tool joints (in.),

radial clearance oftool joint to

B, = A/B#- B? lateral curvature rate (°/100 ft),
Br = total curvature rate (°/100 ft),

5730 ] ]
R, = ——-—-- lateral build radius (ft),

L
8 = inclination angle (deg).

A.15.2 Ifthe hole curvature is limited to the vertical plane,

the buckling equations simplify to the following:

_12€h ¢ F 2
TTUAEEEl
_ 1308 Weq £ I n G s1n8)
B Vmin =~
Fy
Vinx >
Fy
where
Bymin = minimum vertical curvature rate for buckling
(+ building, - dropping) (°/100 ft),
Bymax = maximum vertical curvature rate for buckling

(+ building, - dropping) (°/100 ft),
F» = buckling force (Ib),
E = 29.6 x 10° (psi),

= ----(OD4 D%,

«¢ = buoyant weight equivalent for pipe in curved
borehole (Ib/ft),

Wi = Wa(63.5 - MW ___buoyant weight of pipe (Ib/ft),
655

W, = actual weight of pipe in air (Ib/ft),
MW = mud density (Ib/gal),

o= (RH-TJOD
2 )
hole (in.),
DH = diameter of hole (in.),
TJOD = OD of'tool joint (in.),
8 = inclination angle (deg).
A.15.3 Figures A-5 and A-6 show the effect of hole curva-
ture on the buckling force for 5-inch and 3'/2-inch drillpipe.

Figure A-7 shows the effect of lateral curvatures on the buck-
ling force of S-inch drillpipe. For lateral and upward curva-
tures, the critical buckling force increases with the total
curvature rate.

radial clearance of tool joint to

A.16 Bending Stresses on Compressively
Loaded Drillpipe in Curved
Boreholes®3

A.16.1 The type of loading can be determined by comparing
the actual hole curvature to calculated values of the critical cur-
vatures that define the transition from no pipe body contact to
point contact and from point contact to wrap contact. The two
critical curvatures are computed from the following equations.

5 ST3E100£12E 0D
L G736l L]
Je 1] tan 487 ) 4§J}

where
B. = the critical hole curvature that defines the tran-
sition from no pipe body contact to point con-

tact (°/100 ft)
WD = (TJOD - OD),
TJOD = tool joint OD (in.),

OD = pipe body OD (in.),

1/2 .
= (EEL (in.),
J - F )
L = length of one joint of pipe (in.),
E = Young's modulus 30 x 10° for steel (psi),
I = moment of i 1nert1a of pipe body (in.)

px(_QD______I_D_)
64
F = axial compressive load on pipe (Ib),
= pipe body ID (in.).
B. — 57.3E&100¢& 12 € WD
4J L 2
TNT 57.3L
47€ tan ;(5.7..31. tan(
L4 )

where
B,, = the critical curvature that defines the transition
from point contact to wrap contact (°/100 ft),
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Figure A-5—Buckling Force vs Hole Curvature

Vertical build rate—0/100 ft.
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Critical buckling force—1000 Ibs.
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Critical buckling force—1000 Ibs.
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11D = (TJOD - OD),
TJOD = tooljoint OD (in.),
OD = pipe body OD (in.),

g = (&1 (in),
LF)
L = length of one joint of pi%e %in.), )
E = Young's modulus 30 x 10° for steel (psi),
I = moment of inertia of pipe (in.*)
v(OD ,-ID )
64

F = axial compressive load on pipe (Ib),
ID = pipe body ID (in.).
A.16.2 Ifthe hole curvature is less than the critical curva-
ture required to begin point contact, the maximum bending
stress is given by the following:

5, = BEODEFEJEL ’

573E100E 1284 & 18 sin —S57-3L
Lo2J)

where
S» = maximum bending stress (psi),
B = hole curvature,
F = axial compressive load on pipe (Ib),
(E E_, 1 1/2 '
J= — (in.),
E
1

F)
= Young's modulus 30 x 10 for steel (psi),
= moment of inertia (in.)

v(OD* - ID"

OD = pipe body OD (in.),
ID = pipe body ID (in.).
L = length of one joint of pipe (in.),

A.16.3 If the hole curvature is between the two critical cur-
vatures calculated, the pipe will have center body point con-
tact and the maximum bending stress is given by the
following equation:

b
4R U&sinU—4<§sin2(g)
)

where
E = Young's modulus, 29.6 x 10 for steel (psi),
OD = pipe body OD (in.),
ID = pipe body ID (in.),
L
U= —,
2J

L = length of one joint of drillpipe for point contact
of pipe body (in.),
L = L, for wrap contact (in.),

A4 = (1 + i&ﬁé_l_ll_) sinU__‘_‘_é sinz(_q_ ,

B = 2[1-—SinU-(1 Liekep sinz(l—]}
u - I? ) 22)
“A
8§ = arctan >
~.B)
J= ded ' (in),
F)
1= -Y.(OD*- ID% (in4)
64 ’
11D = diameter difference tool joint minus pipe body
OD,
11D = (TJOD - OD) (in.),
TJOD = tool joint OD (in.),

R = 57.3x100x 12B,
B = hole curvature (°/100 ft.).

A.16.4 If the hole curvature exceeds the critical curvature
that separates point contact from wrap contact, we need to
first compute an effective pipe length in order to calculate the
maximum bending stress. The effective pipe span length is
calculated from the following equation by trial and error until
the calculated curvature matches the actual hole curvature:

B = e 22 G AN G A2 G I ,
JEL, 4_J+ Le - 2
e 57.3L .
4J & tan2( ) tan(5_7__3f_e)
! 47
where

L. = effective span length (in.),
B = hole curvature (°/100 ft.),
11D = diameter difference between tool joint and pipe
body,
11D = TJOD - OD (in.),
TJOD = tool joint OD (in.),
OD = pipe body OD (in.),
ID = pipe body ID (in.).

= (_%_] 1/2 (in.),
LF)

= Young's modulus 29.6 x 10° for steel (psi),
\Y 4 4

=-—(OD -ID),
64 )

ﬁ\ b <

= axial compressive load (Ib),
L, = length of pipe body touching hole (in.),
L, = L-L,,

= length of one joint of pipe (in.).
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A.16.5 The maximum bending stresses can then be com-
puted using the equation for point contact and a pipe body

length equal to the effective span length.

A.16.6 One of our major concerns when drilling with com-
pressively loaded drillpipe is the magnitude of the lateral con-
tact forces between the tool joints and the wall of the hole and
the pipe body and the wall of the hole. Various authors have
suggested operating limits in the range of two to three thou-
sand pounds or more for tool joint contact faces. There are no
generally accepted operating limits for compressively loaded
pipe body contact forces. For loading conditions in which
there is no pipe body contact, the lateral force on the tool
joints is given by:

FELEB
573510012

LFT./ =

where
Fr; = lateral force on tool joint (Ib),
L = length of one joint of pipe (in.),
B = hole curvature (°/100 ft.).

A.16.7 For loading conditions with point or wrap contact,
the following equations give the contact forces for the tool

joint and the pipe body:

(- _é_L£4R sinU --4 sin2(l—]
) U

28EEIEL? 2)

ﬂ = b

RE Le sinU --4 sinz(l—]

u )
where
LFpipe = E-]%-L---LFU
LF,]_ = lateral force on tool joint (Ib),

LE pipe = lateral force on pipe body (Ib),

Ly = L-Le,

L,, = length of pipe for wrap contact (in.),
L L for point contact (in.),

L. = effective span length for wrap contact,

57.3&; 100&; 12
R =
B

B = hole curvature (°/100 ft.),

Le
U = amma——

2J

12 .
J= = (in.),
.. F )

11D = diameter difference tool joint minus pipe OD (in.),
= TJOD - OD (in.),

:p(OD4 4
= - -ID
=4 ).
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Table A-1—Rotary Shouldered Connection Thread Element Information

M @ 3) “ ®) ©) (M ®) © (10) 1n (12) 13)
Pitch Thread Thread Stress Relief Bore-Back Low Low
Connection Diameter Pin Height Not Root Nominal Thread Angle Groove Cylinder Torque Torque Bevel
Type C Taper Length Truncated Truncation Counterbore Pitch 8 Diameter Diameter Counterbore Diameter
NC10 1.063000 1.500000 1.500000 0.144100 0.040600 1.204000 166667 30 — — — —
NC12 1.265000 1.500000 1.750000 0.144100 0.040600 1.406000 166667 30 — — — —
NC13 1.391000 1.500000 1.750000 0.144100 0.040600 1.532000 166667 30 — — — —
NC16 1.609000 1.500000 1.750000 0.144100 0.040600 1.751000 166667 30 — — — —
NC23 2.355000 2.000000 3.000000 0.216005 0.038000 2.625000 .250000 30 2.140625 2.218750 — —
NC26 2.668000 2.000000 3.000000 0.216005 0.038000 2.937500 .250000 30 2.375000 2.531250 — —
NC31 3.183000 2.000000 3.500000 0.216005 0.038000 3.453125 .250000 30 2.890625 2.953125 — —
NC35 3.531000 2.000000 3.750000 0.216005 0.038000 3.812500 .250000 30 3.231000 3.234375 — —
NC38 3.808000 2.000000 4.000000 0.216005 0.038000 4.078125 .250000 30 3.508000 3.468750 — —
NC40 4.072000 2.000000 4.500000 0.216005 0.038000 4.343750 .250000 30 3.772000 3.656250 — —
NC44 4.417000 2.000000 4.500000 0.216005 0.038000 4.687500 .250000 30 4.117000 4.000000 — —
NC46 4.626000 2.000000 4.500000 0.216005 0.038000 4.906250 .250000 30 4.326000 4203125 — —
00| NC50 5.041700 2.000000 4.500000 0.216005 0.038000 5.312500 .250000 30 4.742000 4.625000 — —
NCs6 5.616000 3.000000 5.000000 0.215379 0.038000 5.937500 .250000 30 5.277000 4.796875 — —
NC61 6.178000 3.000000 5.500000 0.215379 0.038000 6.500000 .250000 30 5.839000 5.234375 — —
NC70 7.053000 3.000000 6.000000 0.215379 0.038000 7.375000 .250000 30 6.714000 5.984375 — —
NC77 7.741000 3.000000 6.500000 0.215379 0.038000 8.062500 .250000 30 7.402000 6.546875 — —
5, 1F 6.189000 2.000000 5.000000 0.216005 0.038000 6.453125 .250000 30 5.890625 5.687500 — —
6%/5 IF 7.251000 2.000000 5.000000 0.216005 0.038000 7.515625 .250000 30 6.953125 6.750000 — —
03 1 REG 1.154000 1.500000 1.500000 1.441000 0.040600 1.301000 1.66667 30 — — — —
1'/2 REG 1.541000 1.500000 2.000000 1.441000 0.040600 1.688000 1.66667 30 — — — —
2%/s REG 2.365370 3.000000 3.000000 0.172303 0.020000 2.687500 .200000 30 2.015625 2.062500 — —
27/s REG 2.740370 3.000000 3.500000 0.172303 0.020000 3.062500 .200000 30 2.390625 2.312500 — —
3!/, REG 3.239870 3.000000 3.750000 0.172303 0.020000 3.562500 .200000 30 2.906250 2.718750 — —
4, REG 4.364870 3.000000 4.250000 0.172303 0.020000 4.687500 .200000 30 4.013000 3.718750 — —
5', REG 5.234020 3.000000 4.750000 0.215379 0.025000 5.578125 .250000 30 4.869000 4.500000 — —
oo| ¢/sREG 5.757800 2.000000 5.000000 0.216005 0.025000 6.062500 .250000 30 5.417000 5.281250 — —
7%/s REG 6.714530 3.000000 5.250000 0.215379 0.025000 7.093750 .250000 30 6.349000 5.859375 7.750000 9.250000
8%/ REG 7.666580 3.000000 5.375000 0.215379 0.025000 8.046875 .250000 30 7.301000 6.781250 9.000000 10.500000
03| 27/s FH 3.365400 3.000000 3.500000 0.172303 0.020000 3.687500 .200000 30 — — — —
3!/, FH 3.734000 3.000000 3.750000 0.172303 0.020000 4.046875 .200000 30 3.421875 3.218750 — —
OOI 4'/, FH 4.532000 3.000000 4.000000 0.172303 0.020000 4.875000 .200000 30 4.180000 3.953125 — —
5', FH 5.591000 2.000000 5.000000 0.216005 0.025000 5.906250 .250000 30 5.250000 5.109375 — —
6%/s FH 6.519600 2.000000 5.000000 0.216005 0.025000 6.843750. .250000 30 6.171875 6.046875 — —
03| 23/3 SL-H90 2.578000 1.250000 2.812500 0.166215 0.034107 2.765625 333333 45 2.328125 2.531250 — —
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Table A-1—Rotary Shouldered Connection Thread Element Information

M @ (€) Q) ® © @ ®) ® (10) (1D 12) (13)
Pitch Thread Thread Stress Relief Bore-Back Low Low
Connection Diameter Pin Height Not Root Nominal Thread Angle Groove Cylinder Torque Torque Bevel
Type C Taper Length Truncated Truncation Counterbore Pitch 8 Diameter Diameter Counterbore Diameter
27/s SL-H90 3.049000 1.250000 2.937500 0.166215 0.034107 3.234375 333333 45 2.671875 2.984375 — —
b | 3'/, SL-H90 3.688000 1.250000 3.187500 0.166215 0.034107 3.875000 333333 45 3.312500 3.593750 — —
3', H-90 3.929860 2.000000 4.000000 0.141865 0.017042 4.187500 285710 45 3.656250 3.562500 — —
4 H-90 4.303600 2.000000 4.250000 0.141865 0.017042 4.562500 285710 45 4.031250 3.875000 — —
41/, H-90 4.637600 2.000000 4.500000 0.141865 0.017042 4.890625 285710 45 4.359375 4.187500 — —
5 H-90 4.908100 2.000000 4.750000 0.141865 0.017042 5.171875 285710 45 4.625000 4.406250 — —
5'/, H-90 5.178600 2.000000 4.750000 0.141865 0.017042 5.437500 285710 45 4.906250 4.687500 — —
6/ H-90 5.803600 2.000000 5.000000 0.141865 0.017042 6.062500 285710 45 5.531250 5.265625 — —
7 H-90 6.252300 3.000000 5.500000 0.140625 0.016733 6.562500 285710 45 6.031250 5.265625 7.125000 8.250000
7°/s H-90 7.141100 3.000000 6.125000 0.140625 0.016733 7.453125 285710 45 6.906250 6.000000 8.000000 9.250000
8%/5 H-90 8.016100 3.000000 6.625000 0.140625 0.016733 8.328125 285710 45 7.781250 6.750000 9.375000 10.500000
23/s PAC 2.203000 1.500000 2.375000 0.216224 0.057948 2.406250 .250000 30 1.984375 2.171875 — —
27/s PAC 2.369000 1.500000 2.375000 0.216224 0.057948 2.578125 .250000 30 2.156250 2.343750 — —
3!/, PAC 2.884000 1.500000 3.250000 0.216224 0.057948 3.109375 .250000 30 — — — —
2%/g SH 2.230000 2.000000 2.875000 0.216005 0.038000 2.500000 .250000 30 1.937500 2.093750 — —
27/s SH 2.668000 2.000000 3.000000 0.216005 0.038000 2.937500 .250000 30 2.375000 2.531250 — —
3!/, SH 3.183000 2.000000 3.500000 0.216005 0.038000 3.453125 .250000 30 2.890625 2.953125 — —
OOI 4 SH 3.604000 2.000000 3.500000 0.216005 0.038000 3.875000 .250000 30 3.312500 3.375000 — —
4'/, SH 3.808000 2.000000 4.000000 0.216005 0.038000 4.078125 .250000 30 3.508000 3.468750 — —
27/s XH 3.119000 2.000000 4.000000 0.216005 0.038000 3.359375 .250000 30 2.828125 2.781250 — —
OOI 3!/, XH 3.604000 2.000000 3.500000 0.216005 0.038000 3.875000 .250000 30 3.312500 3.375000 — —
5 XH 5.041700 2.000000 4.500000 0.216005 0.038000 5.312500 .250000 30 4.742000 4.625000 — —
2%/s OH SW 2.588000 1.500000 2.375000 0.216224 0.057948 2.796875 .250000 30 — — — —
2%/ OH LW 2.588000 1.500000 2.375000 0.216224 0.057948 2.796875 .250000 30 — — — —
27/s OH SW 2.984000 1.500000 2.875000 0.216224 0.057948 3.203125 .250000 30 — — — —
27/ OH LW 2.984000 1.500000 2.500000 0.216224 0.057948 3.203125 .250000 30 — — — —
3', OH SW 3.728000 1.500000 3.250000 0.216224 0.057948 3.953125 .250000 30 — — — —
3!/, OHLW 3.728000 1.500000 3.250000 0.216224 0.057948 3.953125 .250000 30 — — — —
4 OH SW 4.416000 1.500000 4.000000 0.216224 0.057948 4.640625 .250000 30 — — — —
4 OHLW 4.416000 1.500000 3.500000 0.216224 0.057948 4.640625 .250000 30 — — — —
4'/, OH SW 4.752000 1.500000 3.750000 0.216224 0.057948 4.953125 .250000 30 — — — —
4'/, OH LW 4.752000 1.500000 3.750000 0.216224 0.057948 4.953125 .250000 30 — — — —
2%/ WO 2.605000 2.000000 2.375000 0.216005 0.038000 2.859375 .250000 30 — — — —
27/ WO 3.121000 2.000000 3.000000 0.216005 0.038000 3.375000 .250000 30 — — — —
3', WO 3.808000 2.000000 3.500000 0.216005 0.038000 4.078125 .250000 30 — — — —
4 WO 4.626000 2.000000 4.500000 0.216005 0.038000 4.906250 .250000 30 — — — —
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41, WO 5.041700 2.000000 4.500000 0.216005 0.038000 5.312500 .250000 30






APPENDIX B—ARTICLES AND TECHNICAL PAPERS

Many of the topics covered in Recommended Practice 7G
have been the subject of significant investigation by various
parties in the industry. Following is a partial list of articles
and technical papers on topics related to items found in Rec-
ommended Practice 7G.

1. Arthur Lubinski, "Maximum Permissible Dog-Legs in
Rotary Boreholes," Journal of Petroleum Technology, Febru-
ary 1961.

2. Robert W. Nicholson, "Minimize Drill Pipe Damage and
Hole Problems. Follow Acceptable Dogleg Severity Limits,"
Transactions of the 1974 International Association of Drill-
ing Contractors (IADC) Rotary Drilling Conference.

3. K. D. Schenk, "Calco Learns About Drilling Through
Excessive Doglegs," Oil and Gas Journal, October 12, 1964,

4. G.J. Wilson, "Dogleg Control In Directionally Drilled
Wells," Transactions of The American Institute of Mining, Met-
allurgical, and Petroleum Engineers (AIME), 1967, Vol. 240.

5. Hansford, John E. and Lubinski, Arthur, "Cumulative
Fatigue Damage of Drill Pipe in Dog Legs," Journal of Petro-
leum Technology, March 1966.

6. Hansford, John E. and Lubinski, Arthur: "The Effect of
Drilling Vessel Pitch or Roll on Kelly and Drill Pipe Fatigue,"
Transactions of AIME, 1964, Vol. 231.

7. Thad Vreeland, Jr., "Dynamic Stresses In Long Drill Pipe
Strings," The Petroleum Engineer, May 1961.

8. Henry Bourne, Continental Oil Co., Ponca City, Okla-
homa, Drilling Fluid Corrosion, Unpublished.

9. Edward R. Slaughter, E. Ellis Fletcher, Arthur R. Elsear,
and George K. Manning, "An Investigation of the Effects of
Hydrogen on the Brittle Failure of High Strength Steels,"
WADC TR 56-83, June 1955.

10. H. M. Rollins, "Drill Stem Failures Due to H,S," Oil and
Gas Journal, January 24, 1966.

11. Walter Main, Discussion of Paper by Grant and Texter,
"Causes and Prevention of Drill Pipe and Tool Joint Trou-
bles," World Qil, October 1948.

12. J. C. Stall and K. A. Blenkarn, "Allowable Hook Load
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