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Special Notes

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

Neither API nor any of API's employees, subcontractors, consultants, committees, or other assignees make any
warranty or representation, either express or implied, with respect to the accuracy, completeness, or usefulness of the
information contained herein, or assume any liability or responsibility for any use, or the results of such use, of any
information or process disclosed in this publication. Neither APl nor any of APl's employees, subcontractors,
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

Classified areas may vary depending on the location, conditions, equipment, and substances involved in any given
situation. Users of this recommended practice should consult with the appropriate authorities having jurisdiction.

Users of this recommended practice should not rely exclusively on the information contained in this document. Sound
business, scientific, engineering, and safety judgment should be used in employing the information contained herein.

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 authorities having jurisdiction with which this publication may
conflict.

API publications are published to facilitate the broad availability of proven, sound engineering and operating
practices. These publications are not intended to obviate the need for applying sound engineering judgment
regarding when and where these publications should be utilized. The formulation and publication of API publications
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. APl does not represent,
warrant, or guarantee that such products 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, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001.

Copyright © 2008 American Petroleum Institute
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Foreword

This recommended practice is under the jurisdiction of the API Executive Committee on Standardization.

Detailed requirements applying to sucker rods are given in API Specification 11B, Specification for Sucker Rods,
which also is under the jurisdiction of the API Executive Committee on Standardization.

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 product covered by letters patent. Neither should anything
contained in the publication be construed as insuring anyone against liability for infringement of letters patent.

This document was produced under API standardization procedures that ensure appropriate notification and
participation in the developmental process and is designated as an API standard. Questions concerning the
interpretation of the content of this publication or comments and questions concerning the procedures under which
this publication was developed should be directed in writing to the Director of Standards, American
Petroleum Institute, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001. Requests for permission
to reproduce or translate all or any part of the material published herein should also be addressed to the director.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every five years. A one-time
extension of up to two years may be added to this review cycle. Status of the publication can be ascertained from the
APl Standards Department, telephone (202) 682-8000. A catalog of API publications and materials is
published annually by API, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001.

Suggested revisions are invited and should be submitted to the Standards Department, API, 200 Massachusetts
Avenue, NW, Suite 1100, Washington, DC 20001, standards@api.org.
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Recommended Practice for Care and Handling of Sucker Rods

1 Scope

This recommended practice (RP) covers the care and handling of steel sucker rods, including guidelines on selection,
allowable stress, proper joint makeup, corrosion control and used rod inspection.

2 References

This specification includes by reference, either in total or in part, the most recent editions of the following API,
industry, and government standards, unless a specific edition is listed:

API Specification 11B, Specification for Sucker Rods

API Technical Report 11L, Design Calculations for Sucker Rod Pumping Systems (Conventional Units)

ASNT SNT-TC-1A 1, Recommended Practice, Personnel Qualification and Certification in Nondestructive Testing
NACE MRO0174 2, Selecting Inhibitors for Use as Sucker-Rod Thread Lubricants

NACE SP0195, Corrosion Control of Sucker Rods by Chemical Treatment

3 Selection of API Steel Sucker Rods

3.1 General

The selection of API grade sucker rods for a beam pump installation depends on a variety of factors, including stress
effects, environmental effects and rod grade.

3.2 Stress Effects

Sucker rods need to be selected based on applied stresses. APl 11L, Design Calculations for Sucker Rod Pumping
Systems provides a procedure for calculating the applied loads or stress on a sucker rod string design.

Sucker rod strength is limited by the fatigue performance of the rod’s metal. This useful strength is dependent on the
metal's tensile strength as shown by Goodman (Goodman, “Mechanics Applied to Engineering” and Kommers,
“Effect of Range of Stress and Kind of Stress on Fatigue Life”). This relationship is the basis for Section 4 of this
document. According to the Goodman diagram shown in Figure 1, sucker rods operating in a non-corrosive
environment and in the proper stress range will theoretically exceed 10 million load reversals. However, the fatigue
life can be dramatically decreased by improper installation, design, handling or operation even without corrosion.

3.3 Environmental Effects

Sucker rods will eventually fail, even if not stressed, when placed in a corrosive environment. There is a reduction in
sucker rod and coupling life if placed in a corrosive environment. However, the life of the sucker rod can be extended
by the use of an effective corrosion inhibition program. In that case the expected life of a sucker rod can potentially be
the same as a rod in a non-corrosive environment.

1 American National Standards Institute, 25 West 43" Street, 4t floor, New York, New York 10036, WWWw.ansi.org.
2 NACE International (formerly the National Association of Corrosion Engineers), 1440 South Creek Drive, Houston, Texas

77218-8340, www.nace.org. Documents
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2 API RECOMMENDED PRACTICE 11BR

Another environmental concern is the use of the sucker rods in a production environment which contains hydrogen
sulfide. A sucker rod placed in this environment can rapidly fail even though the corrosion effects are not readily
apparent. NACE MRO0175 has defined a hydrogen sulfide environment as “sour” when the hydrogen sulfide partial
pressure is greater than 0.05 psi or 0.0034 atm (0.345 kPa). Materials placed in sour environments with hydrogen
sulfide partial pressures equal to or greater than this value can fail prematurely due to hydrogen embrittlement unless
the materials are sulfide stress cracking resistant or unless an effective corrosion inhibition program is maintained.

3.4 Sucker Rod and Coupling Grade Selection
3.41 General

Tables 1 and 2 identify the chemical composition and mechanical strength properties of steel sucker rods. For non-
sour (sweet) environments, the applied stresses determine which grade of sucker rod is selected. However, a
corrosion inhibition program may be required to combat the damaging effects of corrosion and its associated life
reduction.

3.4.2 Grades

Materials which are not susceptible to sulfide stress cracking usually possess a Rockwell C scale hardness of less
than 23. Thus, a Grade C sucker rod is the optimum sucker rod to be used if the applied stresses are within its
capabilities and a sour environment exists.

If the applied stresses require Grade D sucker rods and a sour environment exists, then an effective corrosion
inhibition program is required.

The Grade K rod is available for use when the other sucker rod grades have not performed satisfactorily in a corrosive
environment.

The chemical composition of steel sucker roads and steel pony rods shall be any composition of AlSI series steel, or
international equivalent, listed in Table 1 which can be effectively heat treated to the mechanical property
requirements of API Grades K, C, and D rods as shown in Table 2.

Table 1—Chemical Composition of Steel Sucker Rods

API Grade Chemical Composition
K AISI 46XX Series Steel @
C AISI 10XX Series Steel 2
AISI 15XX Series Steel @
D Carbon AISI 10XX Series Steel 2
AISI 15XX Series Steel 2
D Alloy AISI 41XX Series Steel @
D Special | Special—Special alloy shall be any chemical composition that contains a combination of nickel, chromium and
molybdenum that total a minimum of 1.15% alloying content.
@ Or an equivalent international series number steel.

Table 2—Mechanical Strength Properties of Steel Sucker Rods

API Grade Minimum Yield 0.2% Offset Minimum Tensile Maximum Tensile
psi (Mpa) psi (Mpa) psi (Mpa)
K 60,000 (414) 90,000 (620) 115,000 (793)
C 60,000 (414) 90,000 (620) 115,000 (793)
D 85,000 (586) 115,000 (793) 140,000 (965)
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RECOMMENDED PRACTICE FOR CARE AND HANDLING OF SUCKER RODS 3

4 Allowable Sucker Rod Stress Determination Utilizing Range of Stress

4.1 General

In determining the allowable range of stress and allowable sucker rod stress for a string of sucker rods, it is
recommended that the modified Goodman stress diagram shown in Figure 1 be used. This gives the basic or
fundamental rating which can be used where corrosion is not a factor. Since all well fluids are corrosive to some
degree, if not inhibited 100%, and since the corrosivity of well fluids varies greatly, it is of extreme importance that the
stress values determined from this diagram be adjusted by an appropriate service factor, based on the severity of the
corrosion. This service factor should be selected by each user as his experience indicates. It could be greater than
one, although normally it will be less than one, varying inversely with severity of corrosion.

4.2 Stress Diagrams
In applying this information from Figure 1, separate diagrams can be prepared for each minimum tensile strength
value. Separate diagrams showing load in pounds (KN) rather than stress can also be prepared for each grade and

rod size. Alternately, the desire value can be obtained by using one of the equations shown in Figure 1.

T Minimum Tensile Strength T

AN
T/
+ L
3 _TS

4

Sa = (F+MSmin) SF ..o 1
Sa = (0.25T +0.5625 Spin) SF............ 2
ASg = Sa— Smin «cccecaa e 3
where
— I Sa = maximum available stress, psi (N/mm?2)
3 AS, = maximum allowable range of stress, psi (N/mm?2)
M = slope of S, curve = 0.5625
Smin = minimum stress, psi (N/mm?2)(calculated or measured)
SF = service factor
T = minimum tensile strength, psi (N/mm?2)

Figure 1—Modified Goodman Diagram for Allowable Stress and Range of Stress for Sucker Rods in
Non-corrosive Service

4.3 U.S. Customary (USC) Example

Assume a string of APl Grade C rods with a minimum tensile strength of 90,000 psi (620 N/mm?) is being used and
that a minimum downstroke stress of 15,000 psi (103 N/mm?2) has been either measured or calculated. At what peak
polished rod stress may we operate this string in non-corrosive service?

Refer to Figure 1, Equation (2).
S, =1(025T+ 0.5625 Spin)

=(0.25 x 90,000 + 15,000 x 0.5625)

= 30,938 psi (non-corrosive)

Documents

Document Sharing Hub

Full document details: APl RP 11BR-2008 (2020)


http://www.avadocuments.com/doc/api-rp-11br-2008-2020
http://www.avadocuments.com/doc/api-rp-11br-2008-2020

4 API RECOMMENDED PRACTICE 11BR

Converting to load for different size top rods, this would be:

38N, e 30,938 x 0.307 = 9,498 1b

340, e, 30,938 x 0.442 =13,675 1b
L WO 30,938 x 0.601 = 18,594 1b
Lin. e 30,938 x 0.758 = 24,286 1b

4.4 Metric Example
S, =(0.25T + 05625 Spin)
=0.25 x 620+ 0.5625 x 103
=213 N/mm?
Converting to load for different size top rods, this would be:
159 mm.......... 213 x 197.9=42.2 KN
19.0 mm.......... 213 x 285.0 =60.9 KN
222 mm.......... 213 x 387.9=82.6 KN
254 mm.......... 213 x 506.7=107.9 KN
The above values should then be adjusted by an appropriate service factor.
5 Slim Hole Sucker Rod Coupling Derating
5.1 Derating Factor History

The concept for reducing the allowable rod string stress when slim-hole couplings were used was originally published
by Gipson et al., (Gipson, F.W and H.W. Swaim, “Beam Pump Fundamentals”).

It was discussed that the actual derating factor was not known. Original derating factors were developed based on the
relationship between the slim-hole coupling cross sectional area divided by the cross sectional area of the
corresponding sucker rod. However, it was known, based on field performance, that slim-hole couplings for 1-in. rods
did not have a record of excessive failures. Thus, the derating factors were normalized based on the slim-hole area
divided by the rod area for 1-in. rods. Derating factors were presented for the different slim-hole coupling sizes for use
on all grades of sucker rods.

5.2 Modified Derating Factor

A more rigorous analysis of the cross sectional area relationships, stress concentration factor effects of the rod
connection threads, and the use of the APl Modified Goodman Diagram included here as Figure 1 was published by
D.E. Hermanson (Hermanson, D.E., Petroleum Engineering Handbook).

These derating factors include the influence of the different allowable stress capabilities for the different rod and
corresponding coupling size and API grade. These factors are presented in Table 9.8 of the above referenced
handbook and are identified in Table 3 of this RP.
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