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Special Notes

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

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.

Shall: As used in a standard, “shall” denotes a minimum requirement to conform to the standard.

Should: As used in a standard, “should” denotes a recommendation or that which is advised but not required to con-
form to the standard.

May: As used in a standard, “may” denotes a course of action permissible within the limits of a standard.
Can: As used in a standard, “can” denotes a statement of possibility or capability.

Information marked “NOTE” does not set forth requirements but does provide for guidance in understanding or clari-
fying the associated requirement.

This standard was produced under API standardization procedures that ensure appropriate notification and partici-
pation 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 Massa-
chusetts 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Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every five years.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 ex-
tension of up to two years may be added to this review cycle. Status of the publication can be ascertained from the API
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.

This standard should become effective on the date printed on the cover but may be used voluntarily from the date of
distribution.

Suggested revisions are invited and should be submitted to the Standards Department, API, 200 Massachusetts Av-
enue, NW, Suite 1100, Washington, DC 20001, standards@api.org.






Contents

1 ST = 20 SR 1
2 NOIMALIVE REFEIENCES ...ttt e e ettt e e e e e e e e et e eeeaeeeaaannnbeeeeeeaaeeaaannns 1
3 Terms, Definitions, Acronyms, and AbBBreviations ...............coooiiiiiiiii e 2
3.1 Terms and DefiNItIONS .......coiuiiii ittt e et e et e e e e n e e e e e e e e et e e e e e nbe e e e e nae e e e e nees 2
3.2 Acronyms and ADDIEVIAtIONS .........ueiiiiiiiii e e e 3
4 Uses of Hydrostatic Testing—Understanding the Benefits ..., 5
By B €= o =T - | SRR SOPURSSRRR 5
B O LU= 1T (1] o TP OPPRRTRRRR 6
N T o1 (=T o [ |V XSS YT o 1= o | 6
5 Elements of a Test Program—DefiNitioNS..........ooiiiiiiii e e 7
L T € 7= o1 - | SRR 7
5.2 TeSt PresSSUre STrESS LEVEL.... ... ittt e e e e e e e ettt e e e e e e e e s nneaeeeeeaaeeeeeannenneees 7
5.3 MIll TEST PrESSUIE ...t ittt et e e oo 4ottt e et e e e e e e o b e bttt e e e e e e e s e e s st beeeeeaeeeeeeannnbnneees 7
L =T | 1= PO PPPPPP PP 7
5.5 Qualifying HydroStatic TEST......cooiiiiiiiiiiiie ettt e e ettt e e e e bt e e e e anbee e e e anees 8
5.6 HIGN-PreSSUIE TESt ... ..ttt e bt e e e ek et e e e e b et e e e a b et e e e e bt e e e e b ae e e e e nnes 8
5.7 Spike Hydrostatic TeSHNG ....ccoi ittt e e e e ettt e e e e e e e e e e n et e e e e e e e e e e e nnenneees 8
5.8 Spike Testing Pipelines with Planned Low Operating StreSs ........cccvvveiiiiiiiiiiiiiieeeee et 9
5.9 Application Of DefiNitiONS ......ccooiiiiiiiiii et e e e e e e e e e e e —r e e e e e e e e n e —————rraaaaeaaaaan 11
5.10 Additional Considerations When Spike TeStNG ........eeiiiiiiiii e 12
6 DeSign Of @ TESE PrOGIam .....ccoi ittt b e et e e e bt e e e et e e e e aabe e e e e ennees 12
L R 7= o1 - | TS OUUPPPURRRR 12
6.2 Development Of TESt ODJECHIVES ......ueiiiiii ittt e e e e e e e e e e e e e e re e e e e e e e eeeaaans 13
L T =T o U] =To B =TS A o (TS = 14
6.4 Development of a Hydrostatic Pressure Profile..............c.ooiiiiiiiiiii e 15
6.5 When t0 Terminate @ TS .. oo i ettt e e e e e e e ettt e e e e e e e e e e e nnnaeeeeeaaaeeaaannns 16
6.6 Test Acceptance and INterpretation ..... ... ——————————————— 21
6.7 Determination of ASSESSMENT INTEIVAIS ......coiuviiiiiiiii e e et e e e et e e e e abaeeeeans 21
L O =T (1T [T PPPPRPRR 23
7 Potential Detrimental Effects of Hydrostatic TEStiNG..........ooiueiiiiiii e 24
4% € 7= o1 - | SO URRSPERRR 24
7.2 EffectS Of SIrESS LEVEIS ..ottt e e e e e e e ettt e e e e e e e e e s e nnnaeeeeeaaaeeaaannns 25
4 T = (= Tor (3ol s (o) (o I I = SRR 25
7.4 Short-Term and Long-Term IMplCAtIONS ..........uuiiiiiieoiiiiie e e e e e e e e e s e e e e aaeeeeeannes 25
8 PN [o 1 oTaT= @7 o] a1 o 1=T = 1] ISR 26
L= T € 7= o1 - | SO RRPPEERRR 26
8.2 Role of Other Integrity Assessment MEthOdsS ..........oo i e e e 26
ANNex A (INfOrmative) Case STUAIES .........oocuuiiiieiee et e e e e e e e e e e e e e e e e e et beeeeaeaeeas 28
Annex B (informative) AAditioNal RESOUICES ......cciiiiiii ittt e e et e e e e e e e e et e e e e e e e e s aasbsreeeeaaaaeas 42
Annex C (informative) Understanding Stress LEVEIS........coouiiiiiiiiiie e 48



Contents

=T o] [ToTe = To] o)V O PP ERR PR 52
Figures

1 Transmission Pipeline Integrity Assessments 2010—20714 ... ... 5
2 General Development of TESt ODJECHVES ........eoiiiiiiiiiie ettt e e e e e saeeeeeeaes 14
3 Hydrostatic Pressure Profile of a Theoretical Pipeline Segment...........cccooiiiiiiiii e 16
4 Example of @ LINEAr P-V POt ...... ...t e e e et e e e e e e et e e e e e e e e e e nnneeeeeeaaeeeaaannns 18
5 Theoretical Example of a P-V Plot for a Double StroKe ... 18
6 Ramberg-Osgood Stress-Strain Curve of Actual X70 PiPe .......ccoiuiiiiiiiiiie et 20
7 Failure Pressure vs. Flaw Size for a 16 in. OD by 0.250 in. Grade X52 Pipeline with Blunt Flaws................ 22
C.1 Hoop Stress in ThiCK-walled CYIINUEIS .......coiuuiiiii ettt e e e e s et e e e s s e e e e abaeeeeans 48
C.2 von Mises Equation Represented as a Yield ElliPSE .....c..uuueiiiiiiii i 49
C.3  SMYS Histogram fOr X582 PIPE .......eeeiiiiiiiieiiiiiie ettt et b e e s st e e e nb e e e s anaeeeeea 50
Tables

1 API 5L Minimum Mill TESE PrESSUIES ...ttt e e e e e r e e e e e e e e annneneees 10
2 API SLX Minimum Mill TESE PreSSUIES. ... ..t e e e e e 10
3 Example Stress Levels for Modern Line Pipe 220 in. and 2 X42 .........ccccoiiiiiiiiiiiie e 11
4 Example Stress Levels for 1952 Constructed Legacy 20 in. X42 Line PIPe .......ccccoviiiiiiiiiiiiieeeeee e, 12
A1 Pipe Information and Properties...........ooooiiiiiiiiiiiieeeeee e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaaas 28
A.2 Pipe Information @and PropPeriES ...........uuuiiiiiiiiiii ettt e e e e e e e e e e e e aaa e 30
A3 Hydrostatic Test HiStOIY ... e e e e e e e e e e e e e e e e e e e e e e e e e aeaaaaaaeaaaeees 30
A.4 Hydrostatic TEeSt PIan SUMMAIY .........eoiiiiiiiiieie ettt e et e e e et e e e e e nbee e e e ennees 30
A.5 Pipe Information @and Properties ... ...ttt e e e e e e e eeaeaeeas 31
A6 Hydrostatic TESt HISIOIY ... ittt e e e e e e et e e e e e e e e e e nnnneeeeaeaeeas 31
A.7 Pipe Information @and PropPeIiES ...........uuuiiiiiiiiiii ittt e e e e e e e e e e e e aaae s 33
A8 HydrostatiC Test HiStOIY . ... s e e e e e e e e e e e e e e e e e e e e e e e e e eeaaaaaaaaaaeees 33
A.9 2013 Pressure Test Failure SUMMAIY .........uoiioiiieeee ettt e et e e e e e e e 33
A 10 Fatigue Life ParameEters ... ..ottt 34
A.11 Fatigue Growth Rate Parameters for Pipeline Materials ..............ooooiiiiiii e 34
A.12 Pipe Information @and PropPeriES...........uuuieiiiiiiiii ittt e e e e e e e e e e e e e st eaaa e 35
A3 Hydrostatic Test HiStOIY ... s e e e e e e e e e e e e e e e e e e e e e e eeeaaaaaaaeaaaeees 35
A.14 Pipe Information and Properties..........ueio i 37
A5 Hydrostatic TESE HISTOMY .......ciiiiieii ettt e b e e e e e e e 37
A.16 Pipe Information and Properties...........ooooiiiiiiiiiiieeeeee e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaas 38
AT Hydrostatic Test HiStOrY . ... e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaaeaeees 38
A.18 SUMMArY Of FalUre HISTOTY .....ciiii i e e e e e e e e e e e et e e e e e e e e e snnbnreeeeaeaeeas 38
A.19 Pipe Information and Properties...........ei oo 39
A.20 Hydrostatic TESE HISTOMY .......ciiiiiiii ittt e bt e e e ab e e e e ee e e e e 39
A.21 Pipe Information and Properties...........coooiiiiiiiiiiieeeeeeeee e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaaaas 41
A.22 Hydrostatic Test HiStOrY .. ..o e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaaeaeees 41

Vi



Introduction

This technical report provides guidance to pipeline operators on the appropriate use of hydrostatic testing within
the integrity and risk management process. It considers, as key elements within a hydrostatic test program design
process, topics such as known or assumed pipe material properties, threat type and flaw populations, operating and
failure history, potential risks and unintended or detrimental effects, and the importance of a clear understanding of
test program objectives. This document does not attempt to provide practical guidance for the onsite implementation
of a hydrostatic testing program.

This document is primarily focused on pressure test design to achieve objectives, the effect of pressure testing on
line pipe steels, and considerations for subsequent pressure testing intervals and reliability. Water, other liquids, air,
natural gas, and inert gas are all acceptable test media (as permitted by applicable regulation) for pipeline pressure
testing, and identical parameters of physics with respect to the hoop stresses and material properties apply. Due to
the relatively high stresses that are generally targeted to achieve integrity testing objectives, water is the preferred
test medium for pipelines. For this reason, pressure testing in this document is referred to as “hydrostatic testing.” It is
acknowledged that when using any form of pneumatic test media (e.g. gases) or liquid product (e.g. refined petroleum
products) versus water, vastly different considerations shall be applied for public and personnel safety during testing
to account for the potential consequence of a test failure. These are beyond the scope of this work.

This technical report was based upon the extensive hydrostatic testing knowledge that exists today in the form of API
recommended practices (RPs), American Society of Mechanical Engineers (ASME) code documents, the body of
work of industry consultants, standard practices of operating companies, regulatory language, and other resources.
This body of knowledge was supplemented with hydrostatic testing program experience derived from discussion with
representatives from a broad group of hazardous liquid and natural gas pipeline operating companies and review of
case studies involving several hydrostatic testing programs.

At the time of this guideline development, several parallel pipeline industry initiatives with a focus on hydrostatic test-
ing have been recently completed or are currently ongoing. Such initiatives include work performed by the Pipeline
and Hazardous Materials Safety Administration (PHMSA)', the American Petroleum Institute (API), the Association
of Qil Pipe Lines (AOPL)?, and the Interstate Natural Gas Association of America (INGAA)3. While this completed or
ongoing work is of considerable value to the pipeline industry, lacking within these industry initiatives is a focus on the
specific application of hydrostatic testing as a pipeline assessment tool to support integrity management plan (IMP)
requirements and objectives.

Background

Hydrostatic testing of pipelines has been historically used by the pipeline industry to ensure quality of manufacture
and construction, to establish maximum operating pressures, and for management of certain threats to integrity of
pipeline systems.

The first version of API 5L for the manufacture of line pipe, issued in 1928, specified requirements for manufacturing
specifications, including standard pipe sizes, minimum tensile and chemical content requirements, and required mill
pressure tests. In 1942, the voluntary American Standards Association (ASA) Code B31.1 first recommended pres-
sure testing after installation of a pipeline to 1.1 times the maximum operating pressure (MOP), not to exceed 90 %
SMYS. In 1959, ASA segmented the code and issued two documents, with one specific to liquids pipelines (B31.4)
and the other for gas pipelines (B31.8). These currently exist as ASME B31.4 and B31.8. By the 1960s, most pipeline

T On October 7, 2009, NTSB issued Recommendation P-09-1 to PHMSA on the safety and performance of ERW
pipe. The recommendation called on PHMSA to conduct a comprehensive study to identify actions that can be
implemented by pipeline operators to eliminate catastrophic longitudinal seam failures in ERW pipe.

2 The API-AOPL Pipeline Safety Excellence™ 2015 Strategic Plan includes two Strategic Initiatives to develop in-
dustry-wide guidance on the appropriate uses of hydrostatic pressure testing of pipelines.

3 Technical, Operational, Practical, and Safety Considerations of Hydrostatic Pressure Testing Existing Pipelines,
December 5, 2013.
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operators had instituted the practice of hydrostatically testing a newly completed pipeline in the field post-construc-
tion.* In 1970, Department of Transportation (DOT) federal regulations for pipelines in the U.S. went into effect with 49
CFR §192 and §195 for regulation of gas and liquids pipelines, respectively, requiring the use of hydrostatic testing
at construction.

Current uses for hydrostatic testing include original construction testing, integrity assessment of existing pipelines,
and pipe material verification when records may be missing or incomplete. Operators should consider the potential
for in-service failures of ERW and flash welded pipe that occur after a hydrostatic pressure test is performed in design
and implementation of a hydrostatic test program, and guidance on practical consideration of these potential effects
is needed.

The benefits, limitations, and appropriateness of pressure testing as an integrity management tool for each recog-
nized threat need to be clarified. Available procedures and references for implementation of a hydrostatic test do not
fully account for future operational concerns. The design of a hydrostatic test program can vary based upon the objec-
tives of the test program, specifically the threats considered by the operator for the subject pipe within a test section.
For example, managing longitudinal seam integrity versus managing the threat of stress corrosion cracking requires
different approaches, as do considerations when testing gas pipeline versus liquid pipeline systems. Many industry
references used for guidance in development of hydrostatic test programs do not distinguish these differences suffi-
ciently. It was requested that this effort through PRCI emphasize the differences.

Guidance is also needed to understand the conservatism and variability of current methods for determination of test
intervals. Safety factors can be compounded many times through deterministic approaches generally used within the
industry. While these may be the simplest from an analytic standpoint, pipeline operators need to develop a thorough
understanding of the cumulative effect of applying multiple safety factors when developing hydrostatic pressure test-
ing plans and analyzing data. Safety factors when compounded can sometimes exceed 20, leading to repeat tests at
short intervals and potentially exacerbating detrimental effects of testing.

Value

This technical report provides a source of knowledge for pipeline operators, consultants, and contractors tasked
with managing or being involved with pipeline hydrostatic testing programs. It is also anticipated that regulatory and
industry bodies contemplating the adoption of industry consensus standards and/or regulations pertaining to pipeline
hydrostatic testing will view this document as a valuable resource within those development processes.

This technical report provides guidelines to pipeline operators for use in selection and application of hydrostatic test-
ing as an integrity assessment. Specifically discussed are development of test objectives and design considerations
when determining the target hydrostatic test pressure(s) to achieve test objectives. Such guidance will aid in achieving
the goal of reducing in-service failures, and will assist operators in limiting the number of pressure test failures, pro-
viding for increased public safety and reduced environmental impact.

The distinct value that this project brings to the pipeline industry is to supplement the existing standards and body
of knowledge in the area of hydrostatic testing with guidelines developed from a pipeline operator perspective and
supported by application of hydrostatic testing through the case studies.

Approach

This project began in early 2015 and was managed by Dynamic Risk Assessment Systems, Inc. (Dynamic Risk). The
PRCI membership for the IM-3 program at the time the project began consisted of 59 members. A short timeline for
completing the project was desired, with a goal to create a guideline document within approximately one year. A small-
er core working team was established that consisted of a group of 12 project team members, each of whom committed
to have representatives attend monthly face-to-face working meetings through the spring and summer of 2015.

4 Kiefner, J.F. and Trench, C.J. Oil Pipeline Characteristics and Risk Factors: lllustrations from the Decade of Con-
struction, 2001.
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To gather operator experiences and develop practical case studies, in addition to the working meetings among the
project team, a series of five meetings were held with pipeline operator representatives from 17 individual operating
companies to exchange information and share industry best practices on the design, implementation, data analysis,
and evaluation of hydrostatic pressure testing for integrity management. These were held between March 10, 2015
and May 7, 2015. The working team also invited consultants representing five separate pipeline consulting firms to an
additional meeting held in conjunction with the PRCI Spring Technical Committees meeting in New Orleans, Louisi-
ana, in May 2015. The purpose of this meeting was to invite these respected researchers to challenge this work and
to provide their unique perspectives from their experience in this subject-matter area.



Hydrostatic Testing as an Integrity Management Tool
1 Scope

This technical report provides guidelines related to hydrostatic testing as a tool for integrity management in gas
and liquids pipelines. It specifically focuses on program design and key parameters for consideration in hydro-
static test programs, as well as potential detrimental effects of hydrostatic testing. Several case studies (see
Annex A) supplement the guidelines provided.

2 Normative References

The following referenced documents are indispensable for the application of this document. For dated referenc-
es, only the edition cited applies. For undated references, the latest edition of the referenced document applies
(including any addendal/errata).

API 579-1, Fitness-For-Service

API Specification 5L, Specification for Line Pipe

API Specification 5LX, High-Test Line Pipe

API Recommended Practice 1110, Pressure Testing of Steel Pipelines for the Transportation of Gas, Petroleum
Gas, Hazardous Liquids, Highly Volatile Liquids, or Carbon Dioxide

API Recommended Practice 1160, Managing System Integrity for Hazardous Liquids Pipelines
ASME B31.4, Pipeline Transportation Systems for Liquids and Slurries

ASME B31.8, Gas Transmission and Distribution Piping Systems

ASME B31.8S, Managing System Integrity of Gas Pipelines

ASME STP-PT-011, Integrity Management of Stress Corrosion Cracking in Gas Pipeline High Consequence
Areas

AGA NG-18 Report 194, Hydrotest Strategies for Gas Transmission Pipelines Based on Ductile-Flaw-Growth
Considerations

Michael Baker Jr.., Inc. Spike Hydrostatic Test Evaluation. July 2004. OPS TT06
U.S. DOT Title 49, CFR Part 192, Subpart J—Test Requirements
U.S. DOT Title 49, CFR Part 195, Subpart E—Pressure Testing

Leis, B.N., et al. Final Summary Report and Recommendations for the Comprehensive Study to Understand
Longitudinal ERW Seam Failures-Phase One. Washington DC: s.n., 2013. G0060804.

McAllister, E.W. Pipeline Rules of Thumb Handbook: A Manual of Quick Accurate Solutions to Everyday Pipeline
Engineering Problems. Gulf Professional Publishing: 2013





