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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further mainten
dé¢scribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria needg
different types of ISO documents should be noted. This document was drafted in accordance
edlitorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

This Th

ermal Well Casing Connection Evaluation Protocol (TWCCEP) provides procedures for

assessment and thereby enables evaluation of suitability of threaded casing connections for service in
intermediate or production casing strings of thermal recovery wells. The TWCCEP defines such wells

as those

with operating temperatures that cyclically vary between minimum values appreciably below

180°C and maximum values that range from 180°C to 350°C, in which the casing string is cemented and
the primary axial loading is strain-based.

Throughputtitisdocumer To—CoTTectomsubie v THIToT S—

connecti

specifications for size, weight, and component materials (including pin, box, and interfacial components).

The TW(CEP assesses the candidate connection’s galling resistance, structural integrity and,sealabilify
under logds typical for connection assembly and thermal-well service. The TWCCEP does'not addrefs

impacts
shear, or

The TW(CEP’s evaluation procedure includes analysis and full-scale testing. In.the analysis, worst-cafe
combinations of the connection geometry and material properties are deterniined and specifications

for test

bn. A candidate connection denotes a product with unique design features and producti

pf external pressure, incomplete lateral pipe support, rotational fatigue, forniation-inducg¢d
environmentally-induced corrosion or cracking.

specimens are derived. In the full-scale tests, those specimens™are subjected to loadi

represenfative of thermal well operations. While the TWCCEP aims to énable a statistically significapt
full-scaldg test, it does not demand a rigorous check of a true statistical placement of the tested samplle
responsgs relative to field connection performance, and thus inherently assumes that the test specimens
are repré¢sentative of subsequent field connections. For this reason, only connections with the sanpe

design p

assessed|under this protocol.

irameters as the candidate connection should be considered representative of the connectign

The extepsive effort involved in replicating thermal well field conditions in a laboratory environmept

limits the extent of physical testing that can reasenably be undertaken in an evaluation progra

This pro

ocol balances technical rigor and practicality to provide a baseline level of confidence in the

candidatp connection’s performance. Connection users should consider the scope of this evaluatign
and apprppriate additions to address operation-specific conditions. Successful field use of a connecti¢n

meeting

product quality assurance measures and-field operating practices.

Lhe requirements of this protocal does not preclude an operator’s need to employ appropriafe

The TW(CEP is the culminationef.a/thorough review of factors contributing to performance of casing

connecti

bns in thermal well applications. This protocol has been developed using input from operatots’

descriptions of field practices,manufacturers’ feedback on connection design and production, available

literatur

experim¢ntal work performed in support of the protocol development. The TWCCEP is intended to e
maintainfed and refined-as new findings surface.

Vi

e, knowledge of pdast connection qualification programs, and additional analytical arpd

© ISO 2013 - All rights reserved
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Qualification of casing connections for thermal wells

1

Scope

ISO/PAS 12835 is 1ntended for assessment of casmg connectlons for those f1eld apphcatlons in which

daj

ok

2
T

re
A
A

3

pplications.

0/PAS 12835 describes the structure of the Thermal Well Casing Connection Evaluation
'WCCEP) and provides guidelines for its use by new or repeat TWCCEP users, whose fa

WCCEP.

DTE The term “user” refers to a party that uses the TWCCEP in a.€onnection evaluation prog

Normative references

he following documents, in whole or in part, are normatively referenced in this documen

indispensable for its application. For dated references, only the cited edition applies. For

ferences, the latest editions of the reference documents apply.

bTM A370, Standard Test Methods and Definitions for Mechanical Testing of Steel Products
5TM E8, Standard Test Methods for Tensien Testing of Metallic Materials

5TM E21, Standard Test Methodsfor-Elevated-Temperature Tension Tests of Metallic Materials
5TM E831-06, Linear Thermal:Expansion of Solid Materials by Thermomechanical Analysis

0 9001, Quality management systems — Requirements

0 11960, Petroleuntand natural gas industries — Steel pipe for use as casing and tubing for we

0 13679:2002;,Pétroleum and natural gas industries — Procedures for testing casing ar
nnections?)

Terms and definitions

ing is on
primary
35 should
ic-design

Protocol
miliarity

ith the TWCCEP provisions might vary. Clause 6 describes fundamental ‘@ssumptions adopted in the

ram. That

rty might or might not be the same party as a later user of the evaluated connection in a field applicqtion.

and are
undated

IsV

d tubing

Forthe purpose of this document, the following terms and definitions apply.

3

a

ambient temperature
ambient temperature in the facility where a physical testing task is executed

1) Based on API Specification 5CT.
2) Based on API Specification 5C5.

©
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3.2

application severity level
connection loading specifications assumed to be representative for a range of operational conditions,
which determine the scope of analysis and testing required by the evaluation procedure (3.15) for those
operational conditions

3.3

assigner
party that commissions an evaluation program (3.16)

3.4
average
average 4

3.5

bend tedt specimens

subset of
the TWC

3.6
bending
analysis
curvatur

3.7

candida
casing cd
features

3.8

candida
asetofc
and featu

3.9
casing p
short pie

3.10
connect
single de

3.11

connect
two conr
coupling

3.12

string strain
xial strain along the controlled elongation interval (3.13) of a specimen string (3.37)

candidate connection specimens (3.8) subjected to the optional bending evaluation (3.6) p
CEP evaluation procedure (3.15)

evaluation

hind physical testing conducted to determine a candidate connection’s (3.7) sensitivity to casing

S

le connection
nnection product that is being evaluated by the TWEEEP, and is uniquely defined by its desig
hnd production specifications with respect to sizefveight, and component materials

fe connection specimens

res, and is provided for an evaluation program (3.15) of that candidate connection (3.7)

p
ce of casing pipe cut from asmother joint

on
Kign-specific assenibly of pin and box and interfacial component(s)

on specimen (for threaded and coupled connections)
ections.€onsisting of a single coupling and two casing pups (3.9) with pin ends joined by th

nnection specimens (3.11, 3.12) that is representative of a candidate connection’s (3.7) desig

D
—

40!

=)

n

connect

on specimen (ior integral connections)

one connection consisting of one casing pup (3.9) with a box end and one casing pup (3.9) with a pin end

3.13

controlled elongation interval
portion of a specimen string (3.37), along which the elongation is measured and controlled

3.14

effective string length
portion of the total length of a specimen string (3.37) that is assumed to deform appreciably under
mechanical forces in the thermal cycle test (3.44)

© ISO 2013 - All rights reserved
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15

evaluation procedure
set of analytical and testing tasks required by the TWCCEP to assess performance of the candidate
connection specimens (3.8)

3.

16

evaluation program
execution of the TWCCEP to assess performance of a candidate connection (3.7)

3.

17

(S
C(
re

3

evaluator

p

3
e
cq
e

84
Cd

hj
t3

C(

in
dg
m

3

aluation report
llectively, all documents prepared by an evaluator (3.18), according to applicable TWCCEPR
quirements, that describe an evaluation program’s (3.16) execution history and results

18

irty that performs analytical and testing tasks required by an evaluation procedure (3.15)

19

tcluded connection

nnection (3.10) that has been evaluated in a TWCCEP full-scale testbut whose performance
cluded from comparison with threshold performance requirements (3.45)

20
lling
ld welding of contacting material surfaces followed by:tearing of metal during subsequent s

21
gh cycle temperature
rgeted highest temperature in the thermal cyele test (3.44)

22

spection report
llectively, all documents prepared bycan inspector (3.23), according to applicable TWCCEP 1
quirements, that describe compliance of the executed evaluation program (3.16) with
quirements

23

spector
rty that verifies cofpliance of the executed evaluation program (3.16) with requiremen
WCCEP

24

terfacial component(s)
bsign-spécific component(s) of a connection (3.10) applied to the pin and box either dur
anufacturing (e.g. coatings) or during the connection assembly (e.g. thread compound)

25

eporting

has been

iding

eporting
TWCCEP

ts of the

ing their

li)

mit-strain specimens

subset of candidate connection specimens (3.8) subjected to the limit-strain test (3.26) per the TWCCEP
evaluation procedure (3.15)

3.26
limit-strain test
tension test, to structural failure, of the limit-strain specimens (3.25)

3.27
low cycle temperature
targeted lowest temperature in the thermal cycle test (3.44)

©
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3.28

make-break specimens
subset of candidate connection specimens (3.8) subjected to multiple make-ups and break-outs per the

TWCCEP
3.29

evaluation procedure (3.15)

make-up support pin
pin component of candidate connection (3.7) with seal removed, used to support a coupling’s open end
during make-up and break-out of that coupling’s opposite end

3.30
materia
cylindric

3.31
materia

coupon
al section of pipe from which material strip specimens (3.31) are cut

strip specimen

longitudinal steel strip cut from a material coupon (3.30) and machined for use in mechahical proper

characte

3.32

rization tests

prior evaluation data

set of da
tests pri
TWCCEP

3.33
progran
collectivg

3.34

repairat
galling t
connecti

3.35
severe g

[a acquired in a connection performance assessment carried out by analysis and/or physic

evaluation procedure (3.15)

| roles
e reference to the roles of assigner (3.3), supplier (8239), evaluator (3.18) and inspector (3.23

le galling

bn (3.7)

plling

galling that cannot be repaired accarding to a supplier’s (3.39) field-repair procedure for a candida

connecti

3.36

specime
used in ¢
(3.11, 3.1

3.37
specime
collectivg

bn (3.7)

n
pmmentary and/or descriptive context, denotes a generic reference to a connection specimsg
2) or to a material strip specimen (3.31)

n string
e reference to a single connection specimen (3.11, 3.12) and/or an in-series assembly of two

more Ccorj

br to issuance of this protocol and/or according to a procedure/protocol different than the

hat can be repaired according to a supplier’s (3.39) field-repair procedure for a candidate

ay

al

ke

201

nection specimens (3.11, 3.12) in a thermal cycle test (3.44)

3.38

substantially qualified party
person/company possessing technical skills and experience necessary to perform a task, as designated
by the assigner (3.3) and the supplier (3.39)

3.39
supplier

party that manufactures a candidate connection (3.7)

© ISO 2013 - All rights reserved
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3.40
tensile strain threshold

tensile strain value that a connection specimen (3.11, 3.12) is expected to survive during a limit-strain
test (3.26)

3.41

test specimen
used in commentary and/or descriptive context, denotes a generic reference to a connection specimen
(3.11, 3.12) that is provided for a full-scale test

3

3

T
3

3

S§
)i
re

4

Té

thermal cycle
ug
tgmperature to a high maximum temperature and back to the low initial temperature

thermal cycle specimens
sybset of candidate connection specimens (3.8) subjected to the thermalZgycle test (3.44

thermal cycle test
tHermo-mechanical test of connection specimens (3.11, 3.12), in which several thermal cycles af]
b¢tween the low cycle temperature (3.27) and the high cycletémperature (3.21)

threshold performance requirements

44

ed in commentary and/or descriptive context, denotes a temperature excursion frema I¢

43

WCCEP evaluation procedure (3.15)
44

45

t of connection performance criteria that candidate connection specimens (3.8) must §
der for a candidate connection (3.7) to be considered as having met TWCCEP minimum perf
quirements

Abbreviations, symbols and illustrations of selected definitions

1 Abbreviations

rms defined in Table 1 denote abbreviations used for descriptive purposes.

Table 1 — List of abbreviations

w initial

per the

e applied

atisfy in
ormance

ASL application severity level

BF fast box taper

B slow box taper

C$S cyclic steam stimulation

CTE coefficient of thermal expansion
FEA finite element analysis

max. maximum

min. minimum

PF fast pin taper

PS slow pin taper

SAGD steam assisted gravity drainage
© IS0 2013 - All rights reserved
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TC threaded-and-coupled

TWCCEP thermal well casing connection evaluation protocol

TF(WGS) final make-up torque for specimen with WGS configuration

TF(WGT) final make-up torque for specimen with WGT configuration

TF(WSC-M)  final make-up torque for specimen with WSC configuration and multiple make-ups
TF(WSC-$) final make-up torque for specimen with WSC configuration and single make-up
TF(WST-M) final make-up torque for specimen with WST configuration and multiple make-ups
TF(WST-9Y) final make-up torque for specimen with WST configuration and single make-up
WGS worst-case tolerance combination for galling in seal

WGT worst-case tolerance combination for galling in threads

WSC worst-case tolerance combination for sealability in compression at high temperature
WST worst-case tolerance combination for sealability in tension at low temperature
4.2 Symbols

Terms ddfined in Table 2 denote variables, which depend on theselécted application severity level (AS
and othef protocol options, procedural calculations, and interim results.

CTE, hverage coefficient of thermal expansion

PMAX maximum test curvature

D casing outside diameter

Aerg, strain increment for applicationyin‘the limit-strain test
Ap curvature increment

ETTE; pverage residual post:cycle strain

-

)

Table 2 — Symbols

Lcgr length of contralled’elongation interval

Lp unsupportedpup length (pup length excluding make-up loss, i.e. pin-box overlaps at each end)
LTTS lower-beund temperature strain increment

SLCF strain-length compensating factor

SRI temperature range strain increment

SSP(T) saturated steam pressure at temperature T

t casing wall thickness

T temperature

Tamb ambient temperature

The high cycle temperature

6 © IS0 2013 - All rights reserved
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T lower-bound temperature for a given application severity level
Tic low cycle temperature
Tub upper-bound temperature for a given application severity level

4.3 Illustrations of selected definitions

Figure 1 illustrates a connection specimen (3.11, 3.12). Figure 1 a) shows a connection specimen for
a threaded-and-coupled (TC) connection (3.11), and Figure 1 b) shows a connection specimen for an
tegral connection (3.12). A threaded-and-coupled connection specimen consists of one coupling and
two casing pups (3.9), and contains two connections (two leak paths). An integral connection specimen
consists of one pin-end pup and one box-end pup, and contains one connection (one leakjpath)

a) Threaded-and-

b) Integral connection specimen
Figure 1 — Illustration©f connection specimens

When full-scale testing is conducted on strinigs containing multiple connection specimens agsembled
in series, some casing pups are shared bytwo adjacent connection specimens (which might pe either
tHreaded and coupled or integral). Each.such shared casing pup is considered to consist of two halves,
wlith each half belonging to the connection specimen that includes the corresponding pin end of integral
box end. Figure 2 illustrates an example of a string assembly with four connection specimens. For
cansistency with TWCCEP requirements for a thermal cycle test (3.44), in which a four-specimlen string
(4.37) assembly may be used; the example in Figure 2 shows Specimens 3, 4, 5, and 6. For threaded
and coupled connection specimens, the two specimen leak paths can be distinguished by the $§pecimen
nyiimber and letters “A7and “B” referring to each specimen side.

Specimen3 i  Specimen4 | Specimen5 i Specimen6
| ] ] ] [ ] [m
SideA SideB
lLaal nath 2 A Lol nath 2D
Leakpath3A—Leakpath3B

Figure 2 — Illustration of connection string assembly

5 Program flowchart

Figure 3 illustrates five main components (blocks) of a TWCCEP program (3.16). A detailed description
of the TWCCEP blocks and tasks is provided in Clause 10.

General principles adopted for the TWCCEP evaluation procedure (3.15) are described in Clause 6. It is
strongly recommended that all users of this document and all parties responsible for a prospective use

© IS0 2013 - All rights reserved 7
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of an assessed connection in a field application review Clause 6 and become aware of the assumption
basis and procedural requirements specified by TWCCEP for the assessment tasks and data reporting.

Program specifications

Candidate connection
Application severity level
Optional task selection
Prior evaluation data
Program role assignments

6 Ove

6.1 Ge

A 4

Biased test population

\ 4

Reference material properties
Specimen configuration analysis

Specimen procurement

A 4

Casing pipe selection
Material property verification
Specimen machining

Full-scale testing and
supplementary analysis

Galling resistancetest

Thermal cycle test

Bend test

Limit strain\test

As-tested configuration analysis

Reporting

neral

This Clayise contains an overview of fundamental assumptions adopted for the TWCCEP, which a
to{ facilitate understanding and interpretation of TWCCEP’s provisions and procedur

Evaluation/inspection reports
Analysis and test results
Assessment criteria
Compliance with TWCCEP

Figure 3 — TWCCEP flowchart

rview and fundamental assumptions of TWCCEP

requirenjents specified in later Clauses of this document.

provide'fj‘ll

e
=1

6.2 Main TWCCEP features

6.2.1 Purpose of TWCCEP

The TWCCEP provides procedures for assessing suitability of threaded casing connections for
intermediate or production casing strings for thermal recovery wells. Conducting an assessment of
a candidate connection according to the TWCCEP provides data that can be interpreted by a user to

complete evaluation of the candidate connection.

© ISO 2013 - All rights reserved
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6.2.2 Applicability to service conditions

The TWCCEP applies to those field applications in which operational temperatures oscillate between
a cold level, appreciably below 180°C, and a hot level, above 180°C, in which casing deformation is
primarily driven by thermo-mechanical strain resulting from the above temperature excursions, and in
which the casing body might or might not cyclically yield under the corresponding strain-driven loads.

Specifically, the TWCCEP applies to two thermal-recovery applications: Steam Assisted Gravity
Drainage (SAGD) and Cyclic Steam Stimulation (CSS), in which thermal expansion of the casing string
is constrained by cementing. The TWCCEP might also be used for qualifying connections for other

eftreme-service wells In which tubular undergo rull-body yielding and for which deformation
d¢sign is desired; for example, wells in compacting reservoirs, steam-drive wells, geothermal

S

6

L
f

Lpading of intermediate casing connections in thermally stimulated wells is very severe and
character. Prior to issuance of the TWCCEP, no other connection evalwation procedure had beer
ag an industry standard for those loading conditions. In particulat, [SO 13679 provides proce
evaluating casing and tubing connections only for elastic-design applications, in which the

b

ol
T

6

A
C(

Sy
(3
In
th

C(
(S¥:

6

T
dg

Té

me high-pressure, high-temperature wells.

2.3 Rationale for TWCCEP development

ick of a standard connection evaluation procedure for thermal-well applicatiens'was the main
r developing the TWCCEP.

dy stress state is assumed to remain elastic, and in whichdnaximum operational temperatur
nerally exceed 180°C. Despite these fundamental differences, several similarities exist bet
WCCEP and ISO 13679. Where practical, such similarities are referred to in this document.

2.4 Subject of evaluation

casing connection product subjected to.@n evaluation program is referred to as a g
nnection (3.7). A candidate connection denotes a product with unique design features and pr
ecifications for size, weight, and component materials (including pin, box, and interfacial cor
.24)).

general, one or more candidate connections can be assessed in an evaluation program. For s
is document refers to a single.candidate connection as a subject of evaluation. If two or more ¢
nnections are included ifi a‘single evaluation program, then all of the TWCCEP provisiong
ch candidate connection éeparately.

2.5 Application'severity levels

he severity df-field operating conditions varies. The TWCCEP distinguishes multiple ASLs,
fined in tekms of maximum operating temperature (see 9.3).

mperature has been recognized as the primary variable influencing severity of pipe

echanical loading and the connection response to that loading, including sealability and s
pl f The followi hi I

-tolerant
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hponents

mplicity,
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apply to

uniquely

thermo-
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— constrained thermal expansion of cemented casing heated to the maximum operating temperature

leads to pipe and/or connection yielding. The magnitude of the axial loads generate

d during

heating (and also subsequent cooling during a well intervention), as well as the degree of post-yield

deformation, strongly depend on the applied temperature range;

temperature;

in field service, applied internal pressures typically follow the saturated-steam relationship with

— properties of casing pipe and connection materials vary with temperature - the material yield
strength typically decreases with temperature, and creep and relaxation effects become more

©

pronounced at elevated temperatures;
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— elevated temperatures affect properties of thread compounds (dopes), and thus influence the role
of the dope in premium seal activation. Such temperatures might also affect properties of some
coatings used for dopeless connections. Higher temperatures are typically associated with faster
degradation of dopes and coatings.

— the ASLis selected at the onset of each evaluation program. Some aspects of the TWCCEP evaluation
procedure, such as severity of loading applied in numerical modelling and physical tests, depend on
the selected ASL. TWCCEP assessment criteria are independent of the selected ASL.

6.3 Assessment philnenphy and prinriplpe

6.3.1 Fundamental principles
The TW(CEP fundamental assessment philosophy is to:

— distipguish between those connection types that are suitable for thermal well service and thoge
that pre not;

— acqulire key connection performance data for comparison with adopted \miinimum performange
requiirements, and also auxiliary performance data for determination) of connection servife
bourjdaries;

— be practical to execute by analytical methods and laboratory testing:
Based on|the above philosophy, the TWCCEP assumes the followifig principles for the evaluation basig:
Principle [L The evaluation procedure should be conservative-with respect to:

a) candidate connection samples: test specimen configurations should be chosen to have th¢
least-favourable characteristics possiblewithin production manufacturing ranges;

b) loading: evaluation procedure shotlld employ the most severe loading that is representa-
tive of cited field conditions.

Principle P Given that field conditions-vary, the evaluation procedure should provide options to tailor
the evaluation scope to anticipated operational conditions.

Principle B The evaluation procedure should make the best use of available analytical and physical-
testing tools.

Principle f# The evaluation’procedure should measure a candidate connection’s performance with
respect to those performance indicators that are considered critical for reliability in field
service.

Principle p Assessment criteria should be chosen according to reasonable field-performance expecta-
tions. Assessment criteria should refer only to results of full-scale tests.

Principle p Where practical, auxiliary data should be collected to assess connection performance
boundaries and safety margins with respect to cited service conditions.

Principle 7 Where possible and practical, data acquired in prior evaluations can be used, and the evalua-
tion program scope can be reduced accordingly.

Principle 8 Execution of an evaluation program does not require the manufacturer of a candidate con-
nection to reveal confidential connection design information beyond a level that enables
third-party inspection.

Principle 9 Results of every evaluation program should be interpreted in the context of the completed
evaluation scope and anticipated service conditions.

Principle 10 Perception of conflict of interest in executing an evaluation program should be avoided.
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Each principle listed above is further described in the following Clauses. Discussion of some principles
is also illustrated by reference to Figure 6 and Table 5 in 10.1, which describe the tasks of the TWCCEP
evaluation procedure.

6.3.2 Conservative evaluation procedure

The TWCCEP is based on the premise that the evaluation procedure should verify the adequacy of a
candidate connection’s performance under worst-case combinations of factors that affect its behaviour,
including connection geometry, manufacturing tolerances, material properties, assembly, and
operationalloading. Principle 1 (6.3.1) is implemented hy the following steps:

a) Determine the worst-case combinations of manufacturing and assembly variables forthedandidate
connection, and treat those combinations as specifications for a biased test population.

b] Evaluate the biased test population under the established representative loading

c)] Compare the measured performance of the biased test population to“adopted performance
requirements. Record acceptance if those requirements are met, or failtre if those requirements
are not met.

d] Assume that any production series of the candidate connection @4l perform equally well jor better
in relevant field service than the evaluated, biased test population.

Stlep a) above is referred to as the front-end determination of-tlie biased test population. Steps|b) and c)
are performed in the evaluation program by full-scale testing and supplementary analyses. $tep d) is
eyecuted based on the acquired evaluation results.

6J3.3 Mandatory and optional tasks

The TWCCEP evaluation procedure contains-mandatory tasks and optional tasks, which allows the
eyaluation scope to be tailored to specific opérational conditions (per Principle 2 in 6.3.1):

— mandatory tasks are considered critical for evaluation of connections for all applications|to which
the TWCCEP applies. Completion©f all mandatory tasks is required in every evaluation prjogram;

— optional tasks are those tasks that should be chosen so that the evaluation program providgs results
most relevant for the cited\operational conditions. It is mandatory to consider all progranj options,
consciously select an pptional task scope suitable for each evaluation program, and then execute the
selected options accordingly. It is not mandatory to execute those optional tasks that have|not been
selected.

TWCCEP mandatery and optional tasks are listed in Figure 6 and Table 5. Examples of optional fasks are:
sdal taper analysis, bending evaluation (3.6), and seepage measurement in the limit-strain test (3.26).

Since review of the optional task menu is mandatory, descriptions of all mandatory tasks and optional
tgqsks are kept together in the main body of this document, so that the rationale for each joption is
presénted in a logical order and subsequent selection decisions are facilitated.

In some optional tasks, the TWCCEP provides specific directions relative to the task scope and/or
procedures. In other program options, the TWCCEP provides only general recommendations that the
discussed issues should be addressed in the context of the intended application.

In some TWCCEP programs, a candidate connection might be evaluated at a time when future use of
the connection is unknown. When the candidate connection is later contemplated for use in a specific
application, the prospective user of the candidate connection should:

— carefully review the details of the executed evaluation program, including the selected program
options;

— determineifthe executed scope provides an adequate level of evaluation for the intended application;
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— if need be, consider executing additional evaluation tasks according to other program options that
were not selected previously.

6.3.4 Use of analysis and physical testing

Per Principle 3 (6.3.1), the TWCCEP employs both analysis and physical testing. The overall scope of the
prescribed analysis and physical-testing includes both mandatory and optional tasks, as described in
Clause 6.3.3. Figure 6 summarizes all analytical and testing tasks of the TWCCEP evaluation procedure.
Table 5 indicates the categories of data acquired in each task, as described in 6.3.7.

Analysis|is an efficient and effective tool to examine connection sensitivity to design and operatior:tal
variableg. In general, an analytical task can involve a combination of engineering derivations based ¢n
closed-form solutions and numerical analysis based on the finite element method. Those formulations
facilitate| parametric studies, in which connection sensitivities might be readily assessed with respefct
to many } but not all - manufacturing and loading variables.

In the TWCCEP, analysis is employed to select the biased test population, guide subsequent program
execution (see 6.3.2), and acquire auxiliary data on candidate connection perfermance boundarigs
(see 6.3.7). Some analytical results may also be used to specify additional testing to verify candidate
connectipn performance under application-specific conditions that are not sifnulated in the mandatory
tests. Nofanalytical results are compared to TWCCEP threshold performancérequirements (3.45).

Physical [full-scale tests are considered to be all inclusive verification of connection performande,
because they account for all design variables i.e. both the variables that are controlled in the connecti¢gn
manufacfuring process and the “black-box” variables that are notexplicitly controlled, such as pin and
box waviness. In preparation of the test specimens (3.41), the.black-box variables are assumed to be
at valued representative of production connections. It is recognized that this assumption might npt
always b conservative because the test samples are prepared according to custom specifications and
manufacfured outside of standard production runs. Forexample, the test specimens might have a highpr
degree of circumferential uniformity than productiowconnections.

Results gbtained in the physical testing fall intoseveral categories (see 6.3.7). For example, some results
from ma(ldatory tests are key performance indicators. Those are the only results thatare compared with
TWCCEP|performance requirements (see-6:3:5 and 6.3.6), to determine whether or not the candidate
connectipn performance meets the requirements of this protocol. Other results from mandatory tesjts
and all r¢sults from optional tests are\eonsidered to be auxiliary performance data.

6.3.5 Berformance measures

The TW(CEP assesses the following connection performance measures:
— gallihg resistance;

— strugtural integrity;

— sealgbilitys

The TWA

inlg,
The above choice of performance measures results from the TWCCEP’s focus on connection response
to assembly and thermo-mechanical loading. While environmentally-induced corrosion and cracking is
a significant loading component active in thermal wells, those loading mechanisms are excluded from

consideration in the TWCCEP evaluation until synergies between thermo-mechanical and environmental
loading are better understood.

6.3.6 Assessment criteria

6.3.10 provides guidelines for interpreting results acquired in a TWCCEP evaluation program in the
context of a specific field application. To facilitate this interpretation, the TWCCEP adopts reference
performance requirements, which are referred to as threshold performance requirements (3.45). A
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candidate connection is considered to have met the performance requirements of this protocol if the
candidate connection’sperformance meetsorexceedsallapplicablethreshold performancerequirements.
Only results of full-scale tests are compared with the threshold performance requirements.

The following threshold performance requirements are adopted for the mandatory physical tests:
— no evidence of severe (irreparable) galling (3.20) in the galling resistance test;
— lack of structural failure in any combined-loading test;

— seepage rates below adopted threshold rates in sealability tests

6)5.3 provides guidance for seepage threshold rates to be used in sealability tests.

The TWCCEP also recommends assessment criteria for the optional physical tests, .which| refer to
stiructural strength and sealability. Use of those assessment criteria is optional at'the assignler’s (3.3)
discretion. It can be expected that in some evaluation programs alternative asséssment criterfia for the
optional tasks might be adopted by agreement between the assigner (3.3), the supplier (3.39) and the
eyaluator (3.18). The TWCCEP does not provide any provisions for such agseements, but reqyires that
tHe agreed assessment criteria be documented in the evaluation report (8:17).

6J3.7 Task outcomes — data categories

In] order to implement Principles 1, 4, and 6 (6.3.1), the TWCCEP recognizes the following catggories of
data acquired in various tasks:

— input for further tasks. This data type is acquired invtasks that determine the completior] scope of
subsequent tasks (e.g. determination of the biased test population);

— key performance measures. These results\are compared with TWCCEP acceptance cfiteria to
determine whether or not the candidate connection meets, or does not meet, the TWCCEP’s threshold
performance requirements;

— auxiliary performance data. These(results also assess connection performance, but are n¢t graded
against any acceptance criterias

Atquiring data in the first two ‘categories is mandatory in all TWCCEP tasks. Acquiring dgta in the
tHird category is mandatory-iir'some tasks and optional in some other tasks (see Table 5). The[TWCCEP
rgcommends that auxiliary~data should be collected whenever practical, because that data[provides
v3luable information forprospective connection users. This recommendation is particularly relevant for
n¢w connection designs; or those connections for which little prior evaluation data (3.32) are fvailable.

6/3.8 Prior evaluation data

Data acquired in a connection assessment program executed prior to a TWCCEP evaluation program,
rgferredstoras “Prior Evaluation Data,” may be used in lieu of some or all analysis or testing re{uired by

tHe TAWCCEP evaluation program if it is demonstrated that the scope, procedures, execution higtory, and
d¢cumentation that were employed to acquire and record prior evaluation data, all meet or exceed the
corresponding requirements of the TWCCEP (8.5).

The spirit of this provision is to enable use of complete or partial results from analysis and/or full-scale
tests performed according to other proprietary or standard protocols. For example, historic evaluations
performed by some operators in Alberta, Canada; or assessments performed in-house by connection
suppliers; or from material characterization tests done on various OCTG tubulars.

6.3.9 Treatment of confidential design information

It is recognized that connection design information is proprietary by nature, and that connection
manufacturers might not want to reveal some of that information, e.g. machining drawings, to any other
party. The TWCCEP is structured so that it can be executed with or without exchange of candidate
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connection drawings among the parties involved in the evaluation tasks (see 7.2). The possible extent
of third party inspection will be influenced by the extent to which the connection design information is

revealed.

6.3.10 Interpretation of TWCCEP results

The TWCCEP does not provide a single pass-fail “certificate”. Instead, the TWCCEP requires that a
comprehensive evaluation report be prepared for each evaluation program, and that the report be
available to a prospective user of the evaluated connection.
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fion for use in a given application rests with the connection user. The user must decide if resu
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ptional tasks in the TWCCEP structure, per Principle 2 (see 6.3.1),iS'desirable because it alloy
CEP procedure to be tailored to specific operational conditions ahnd qualification requirement
sequence, comparing data from various programs demands’a thorough review becau
s of program options and optional tasks might vary. The démand for thoroughness is a positi

5ly and cautiously.

voiding perception of conflict of interest

it connection manufacturers and users, the;TWCCEP specifies roles and responsibilities
arties involved in the evaluation program'so that the potential for perception of a conflict
s minimized. The party that commissiofis'the evaluation program is referred to as the assigne
that manufactures a candidate connection is referred to as the supplier; the party that carri
valuation program is referred to-as'the evaluator; and the party that verifies compliance wi
bcol is referred to as the inspector (3.23). At least two independent parties must be involved
evaluation tasks.
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internal pressure;

post-yield axial tension and compression generated by constrained thermal expansion;

curvature-induced bending.

The TWCCEP does not address impacts of external pressure, fatigue, formation-induced shear (e.g. from
geo-mechanical loads), cement voids or environmentally-induced corrosion or cracking.
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6.4.2 Impacts of contributing variables

As a consequence of Principle 1 (6.3.1), one of the main tasks in the TWCCEP development process was
to assess impacts of design and loading variables contributing to connection performance in thermal
well service. The first objective of the assessment was to distinguish between variables that exert major
and minor impacts, so that the major-impact variables could be considered when selecting the worst-
case variable combinations. The second objective was to distinguish “generic” variables, which could
be assumed to have the same impacts on most premium connections, from “design-specific” variables,
which might result in different performance trends in various connection types. The assessment results
were used to develop TWCCEP criteria for selecting the biased connection test population and evaluation
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Following the impact assessment, the design and loading variablés'were categorized into five g

ad cases.

\gineering analysis, numerical modelling, and reduced-scale testing were employedin.the
ipact assessment. Multiple reference configurations were considered for some variables
nsitivities with respect to any individual variable might vary for different combinations of
iriables.

variable was considered to have a major impact when variation of that variable within its py

brformance measure. Changes larger than 15 % relative to a value based on nominal conditi
pically considered to be substantial changes.
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anufacturing tolerances or assembly targets or loading range causéd‘a substantial change to a

ons were

roups, as

Group 1: The first group consisted of the major-impact variables assumed common to most premium
connection designs. Sensitivities to those variables were studied at the protocol devglopment
stage, and their worst-case combinations were €stablished (“pre-set”) for later use during protocol
execution. For example, these investigationstincluded determination of sensitivity of cqnnection
sealability to “bake-out” at maximum operating temperature so that sufficient specimen |bake-out
duration and loading (free versus constrained bake-out) could be specified for the protocgl.

Group 2: The second group of variables included those major-impact variables for which|different
connection types could be expected to display different sensitivity trends. Given the potential for
such connection-specific response, the TWCCEP includes a front-end assessment of the s¢nsitivity
trends with respect to the variables in that group, so that connection-specific choices of the test
specimen configuration-€an be made for each evaluated connection. For example, yield|strength
of the connection pin-ndterial can have a strong impact on the seal contact stress depgnding on
the connection material grade and range of property variations allowed for a given cohnection.
The TWCCEP requires examination of those impacts for each candidate connection before|selecting
material specifications for test samples.

Group 3: Variables in the third group were of similar characteristics as in the second group (i.e.
having-nrajor impact and being design-specific), with a distinction in that inclusion of the third-
groupwariables in the selection of the biased test population was considered impractical bpcause of
challénges associated with conducting analysis or controlling those variables in the manufacturing
process (e.g. seal tapers). The TWCCEP recommends optional-task evaluations of cdnnection
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Group 4: The fourth group was chosen to include variables of similar characteristics as the second
and third groups (i.e. having major impact and being design-specific), except that the variables
in the fourth group were considered to have those characteristics only in some applications and
not in other applications (e.g. severe curvature loading). Similar to the third group, the TWCCEP
recommends optional-task evaluations of connection performance with respect to the variables in
the fourth group.

Group 5: the fifth group of design and loading variables included those variables that were not
considered significant for specifying procedures for the connection performance assessment.
For example, some threadform details such as flank angles do affect connection load transfer, but
variations of those variables within their manufacturing tolerances do not significantly change
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connection galling resistance, structural strength or sealability. The TWCCEP assumes nominal
values for the variables in this group.

6.4.3 Pin-box interferences and tapers
Unless otherwise agreed by the assigner and the supplier, the following definitions shall be adopted:

— Diametric seal interference between the pin and box components of a candidate connection is the
interference between the pin outside diameter and the box inside diameter at a reference seal
location consistent with design and gauging practice for the candidate connection.

— Dianletric thread interference between the pin and box components of a candidate connectionis tLe
interfference between the pin and box pitch diameters at a reference thread location consistent with
design and gauging practice for the candidate connection.

— For deals cut on conical surfaces, a seal taper is the change of seal diameter over aréference axifal
distgnce.

— For threads cut on conical surfaces, a thread taper is the change of thread-pitch diameter overja
referjence axial distance.

For some|connection designs, load transfer mode in the threads and manufacttring tolerances on thread
forms will significantly impact diametral interferences. These impacts)should be considered in the
selection|of minimum and maximum interference configurations for.tlie biased test population (12.3.%4)
and test $pecimen specifications (13.4.6).

6.4.4 Material yield strength

Yield stiengths and post-yield stiffnesses of connection component materials affect connectign
responsq to loading beyond the elastic limit. In general;fwo types of post-yield response are expected n
a connecfion subjected to typical thermal-well loading:

— locallized yielding due to stress-strain concentrations, for example, in thread roots or high-contact
stregs seal band;

— global yielding due to large mechanical strains generated by constrained thermal expansion, fpr
exanpple, in the pipe body and a€onnection’s critical cross-sections.

The follofwing assumptions are addpted:

— For most connection designs, the box component is appreciably stiffer than the pin component,
and thus yield strength of the box material may be excluded from determination of the biased tejst
popylation. Consideration of the box yield strength is an optional task;

— Yield strengthof the pin material was found to have a major impact on the seal contact streps
intensity, afid*is included as a mandatory task in determination of the biased test population fpr
sealdbility tests;

— Matertatyteld strength s ot expticitly comnsidered i specifying the test specimens for gathing
resistance tests. Manufacturing of the galling test specimens is guided by material selection based
on sealability considerations;

— Impacts of pin and box material yield strength variations (within the candidate connection’s
manufacturing specifications) on localized yielding in thread roots is not explicitly addressed in
selecting the biased test population. Those localized-yielding variations are assumed to not have
a significant effect on the candidate connection’s structural strength, which is assessed in the
TWCCEP’s full-scale tests.
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6.5 Evaluation procedure

6.5.1 Safety standards

All activities required or recommended by a TWCCEP evaluation procedure should be conducted to
appropriate safety standards, in accordance with safety requirements and policies in place in the
facilities conducting those activities. No TWCCEP provision shall be considered as a basis for overriding
any applicable safety requirements.

6;5:2—Seepageassessnrent—Ramdomrvariations————————————————————————————————————————]

Connection sealability performance might vary considerably even for connection samples that have
b¢en manufactured and assembled according to identical specifications. In particular, variabl¢ seepage
rdtes can be expected in physical tests involving elevated temperatures. Such “randem” behayiour can
rgsult from degradation of thread compound at high temperatures (dope bake-off])) movemerlt of dope
salid particles (e.g. as dependent on pin and box surface finish, dope density variations, time), vlariations
off connection geometry not fully controlled in the manufacturing process{é.g. waviness), gnd other
vgriables.

Stiatistical variations in seepage response typically increase with temperature. Some historic evhluations
far high-temperature applications (e.g. CSS) addressed this statistical variation by requiring testing of
Itiple specimens of the same configuration. While there is insufficient data to support a|rigorous
stlatistical analysis of how many specimens are required-t0 provide a representative cdnnection
population, four specimens have been used as a reasomable compromise between practicplity and
statistical considerations.

The TWCCEP requires four specimens in the thermal cycle test (4.3 illustrates connection $pecimen
definitions for various connection types). Two of<those specimens are manufactured according to the
rst-case tolerance combination for sealability*at the maximum test temperature, and the dther two
arre manufactured according to the worst-casgtolerance combination for sealability at the minijnum test
tgmperature after one thermal cycle. If these tolerance combinations are found to be the sanje for the
inimum and maximum temperature, then four specimens of the same target configuration are tested.

6J5.3 Seepage rate thresholds

Tolerance for seepage in field-application varies, because it depends on the well configuration, pfoperties
of the surrounding formatior, well location, environmental considerations, and other factors. Based on
tHe current state of industry knowledge, no practical “universal” threshold can be selected o suit all
figld applications.

For reference purposes, TWCCEP adopts three seepage thresholds:

— 0.06 mL/min = reportable seepage rate threshold. Any seepage activity observed in any sealability
testthatis larger than this level must be reported by the evaluator. This threshold is consistent with
1SO143679 standard,;

— ¥ ml/min = maximum seepage rate in axisymmetric compression. This threshold is consiskent with
some historic evaluations performed for CSS applications;

— 10 mL/min = maximum seepage rate in axisymmetric tension and under non-axisymmetric bending.
For the axisymmetric tension, this threshold is consistent with some historic evaluations performed
for CSS applications.

In combined loading cases involving axial forces and lateral loading, different combinations of external
loading will resultin varying the stress distribution around the connection circumference. Contact stress
intensity in the connection seal can also be expected to vary around the circumference. Nonetheless, a
single threshold of 10 mL/min has been adopted for simplicity.

Itis understood that the original selection of seepage threshold rates in the historic evaluations referred
to above was based on prior investigations that had been conducted on several 178 mm (7 in) casing
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connections, with no scaling for other connection sizes. Some connection users might find it justified,
for their specific field applications, to adopt seepage thresholds different from the ones listed above.
For example, a user might find it justified to scale the above historic seepage thresholds (1 mL/min and
10 mL/min) from the 177.8 mm (7 in) casing size by the ratio of the candidate connection size to the
177.8 mm size. If any threshold modifications are done within a specific TWCCEP evaluation program,
the responsibility for any such threshold modifications rests with the assigner.

TWCCEP requires that:

— seepagerates be measured for individual connections (one side of a connection specimen for coupled
connections, or ONe INtegral connection);

— the 4dopted seepage rate thresholds be documented and be applied to each individual confiectign
(not to each connection specimen unless itis an integral connection, and not to strings with multiple
specjmens);

— measured seepage rates be reported for each event in which the measured seepage'rate exceeds the
repoftable seepage rate threshold.

The repofrtable seepage rate threshold applies to each load step that contains a held in any physical tegt.
Each spefified maximum seepage rate threshold applies to an average seepage rate calculated for holgls
at the same loading targets in all loading cycles (e.g. all high-temperature-holds in the thermal cydle
test), as described in 14.2.4.3.

It is recdmmended that other average and mean seepage rates (for the entire tested population) |
calculated for information purposes.

=4

e

6.5.4 al isolation

Sealability checks are conducted on primary connection seals that are isolated from any additionjal
sealing rhechanisms that might be active in the ¢ofinection specimens. As a consequence, seepage
detection ports need to be drilled into dope relief grooves, so that seepage across the primary radial
seal is ofserved independently of any seepage bleckage that might occur in the threads (14.2.4).

As anothpr consequence, torque shoulderyseals need to be disabled unless those are the primary sealing
surfaces/| If torque shoulders are the primary sealing surfaces, any other sealing surfaces that might
impede gas flow to the seepage deteetion ports must be disabled (see 14.2.3).

It is ackrlowledged that drilling ‘of the detection ports into the connection dope relief grooves, and fn
some cades also disabling of the torques shoulder seals, might lead to relieving of the dope entrapmept
(see 6.5.3) in a manner thatis/different from the field conditions.

6.5.5 Dope entrapment

Dope entrapment.upon make-up can lead to deformation of the pin seal surface that exceeds the design
intent, which fight be detrimental to the connection sealability. For example, excessive axisymmetific
deformation can lead to global reduction in the contact stress intensity. Alternatively, a circumferential
buckllng mnrh:n‘ncm can _calse fhﬂ pl“ CQQ] to hnrnmn nnn-rnnnr] r] e 'IY\{"TD:ICD th Y\'In ‘AIQ‘I]“DC ‘)
Consequently, the seal contact stress distribution will be non- unlform and seal burmshlng might be
inadequate.

Dope entrapment is more likely to occur when the amount of the dope applied prior to make-up is
increased, and, to a lesser extent, when the makeup speed is increased. In a conservative sealability
test, the largest amounts of dope allowed by the connection manufacturer should be applied to the test
specimens. The specimen make-ups should be performed at maximum allowable speeds.

6.5.6 Thermal cycle test — Pre-test bake-out and hold durations

Each thermal cycle includes holds at maximum cycle temperature and at minimum cycle temperature.
The duration of those holds should be long enough to capture time-sensitive impacts on the connection
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behaviour, yet as short as possible to minimize the test duration (cost). The major time-dependent
factors are: behaviour of the seal components (changes in dope phases, movement of solid particles),
and stress relaxation of pin and box materials (impact of multi-axial relaxation on radial contact stress).

Itis assumed thata “sufficiently” long bake-out of the test specimensin the sealability test will adequately
simulate the time-dependent dope degradation that occurs in field service, and its impact on sealability.
The bake-out should be done with external loading, so that the loading conditions are consistent with
the field service, where the connections are in axial compression during heating and subsequent hold at
elevated temperature.

atroom
tgmperature. Stress relaxation also depends on applied stress and strain, withithe amount of relaxation
typically 1ncreasmg with the stress-strain magnitude (although that rélationship is expected to be

Engineering experience indicates that the majority of stress relaxation occurs within 24 to 4§ h, when
high-temperature strain is held constant. The adopted bake-out duration is thus adequate for rglaxation
td be nearly exhausted in the first thermal cycle. Relaxation-issmall during low-temperature|holds, so
tHat subsequent 4 h high-temperature holds are long enoughto counteract low-temperature rg¢laxation.

Any pre-test exposure of the test specimens to elevatedtemperatures should be carefully consjdered, to
ayoid any significant changes of the specimen matefial properties that would be inconsistenj with the
operational loading scenario.

6J5.7 Pressure and temperature loading\in thermal cycle test and analysis

TWCCEP’s loading procedure for the«thermal cycle test (see 14.4.7) is based on the assumpgtion that
in thermal operations internal casing’pressure closely follows the saturated-steam relationghip with
tgmperature, although the sequence of pressure and temperature changes in field operations might not
exyactly correspond to the saturated-steam relationship. For example, casing temperature typifally lags
cgsing pressure during the/heating part of a thermal cycle, due to delays caused by finite heat transfer
rdtes. In the cooling part of a cycle, temperature can decrease while well pressure is mainfained by
ingress of reservoir fluids. The departures of the pressure-temperature loading sequence ffrom the
sdturated-steam relationship will vary for different field operations, and thus would be chhllenging
td quantify and/dr-specify for general evaluation purposes. Those loading-sequence differg¢nces are
cansidered to_ have little impact on connection performance during the test holds under full [pressure
and extremestemperature. For that reason, and also for practical test-control consideratiops, those
differences are disregarded in the thermal cycle test procedure.

TWCEEP’s modelling guidelines (see Annex A) specify a load path in which pressure changeg precede
tgmperature changes in a simulated thermal cycle. In some supplementary numerical evaluations and
parametric studies conducted on a generic connection model 1n support of the TWCCEP development,
that load path was found to be somewhat more severe than simultaneous application of the pressure
and temperature-driven loads. Subsequently, that sequence was chosen for the TWCCEP’s numerical
evaluation tasks associated with selection of the biased test population. The resultant discrepancy
between the loading sequence in the analysis and physical test is believed to be not significant for
connection evaluation purposes.

6.5.8 Dependence of material strength on temperature

The TWCCEP assumes consistency of material-strength dependency on temperature. For a given
production material, proportional reduction of yield strength at any given elevated temperature is
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assumed to be the same for samples of that material coming from the lower end and from the higher end
of the allowable range of the production yield strength.

While it is recognized that material temperature-dependence is typically not controlled in pipe
production, the TWCCEP developers will welcome any data that might confirm or refute this assumption
in future editions.

6.6 Scope of reporting

The TWCCEP requires that a comprehensive evaluation report be issued upon completion of each
evaluatign program. The evaluation report is required to contain a description of the assumed progrzj‘n
roles (3.33), details of the candidate connection, all data acquired in the analysis and physical testing,
comparigon of the results with threshold performance requirements, and any non-compliarides with
respect tp the TWCCEP evaluation procedure.

The reqyirement for the evaluation report to contain all data acquired in the analysis;and physidal
testing will enable a thorough assessment of the candidate connection performance, not only at the
time whe¢n the evaluation program is completed but also at later occasions. Suchia-future assessmept
might bel conducted by a party that was or was not involved in the original e¥aluation. It might al$o
be perfofmed for an application that might be similar or different from the)application targeted [n
the origihal evaluation. In the opinion of the TWCCEP developers, design.engineers working on su¢h
future projects will benefit more from knowledge of the connection response to each loading step fn
the evalyation procedure than from comparison of the selected pefformance indicators to arbitrafy
threshold requirements. Therefore, the Evaluation Report is intended to provide a complete record pf
the execyted evaluation program.

7 Program roles and proprietary design information

7.1 Prpgram execution roles

It is antidipated that the TWCCEP will be executed in different types of connection evaluation programs
- some dommissioned by users (operators),(Some by connection manufacturers, and some by groups
involving various companies. In order to)facilitate definition and interpretation of the evaluatign
procedure (3.15) the TWCCEP defines.the following program roles:

Assigner the party that commissions an evaluation program, controls its execution, and owns
the rights to an evaluation program’s data and results.

Supplier: the party that manufactures a candidate connection.

Evaluatof: the party that performs analysis and testing specified by an evaluation procedure.

Inspectot: the)party that verifies compliance of the evaluation program execution with TWCCER
requirements.

Annex C provides recommendations for role assignments, responsibilities and combinations in which
single/multiple parties can assume single/multiple program roles.

7.2 Proprietary connection design information

It is recognized that connection design information is proprietary by nature, and that a supplier might
not want to reveal some of that information, e.g. machining drawings, to any other party. The TWCCEP
is structured so that it can be executed with or without exchange of candidate connection drawings
among the parties involved in the evaluation tasks.
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The following principles are adopted by the TWCCEP for handling of proprietary/confidential information
for the purpose of performing TWCCEP evaluation tasks:

— The TWCCEP does not require a supplier to provide candidate connection machining drawings to
any other party within execution of an evaluation procedure.

— The TWCCEP does not require an evaluator to reveal any candidate connection machining drawing
details in the evaluation report, except the information that is necessary to uniquely identify the
candidate connection (e.g. the interfacial component has to be described with enough detail to
allow unique identification of a product that has been tested in an evaluation program).

— At the onset of each evaluation program, the assigner and the supplier shall agree on thelextent of
exchange of proprietary information for the purpose of executing the evaluation procedure. If the
assigner and the supplier are the same party, then that party alone decides on any-such exchange.

— The evaluation report shall describe all role assignments, including selection.ef\parties pejrforming
various evaluation tasks and their respective responsibilities, and the agréement betyeen the
assigner and the supplier relative to exchange of proprietary design information.

EXAMPLE Evaluation program conducted in-house by a supplier:

When an evaluation program is conducted in-house by a connection nfafufacturer, the manufacturer might
simultaneously assume the roles of the assigner, the supplier, and the éyaluator. The manufacturer wijll use the
cdndidate connection drawings internally to build FEA models and perform Task 2.2 Specimen Configuration
Analysis (see 12.3.1). The results will be included in the evaluatiomteport, but possibly with no geomefry details
ofithe candidate connection. When those details are not revealedto’the inspector, then the inspector will be able
toreview the analysis results but not the consistency of the FEA model with the connection’s geometry.

8| Compliance requirements

8{1 Compliant evaluation program

Ah evaluation program shall be considered compliant with the requirements of this protocol iffand only
ifleither of the following two sets oficonditions is satisfied:

— Set 1: The evaluation program was executed in full compliance with all clauses of the TW({CEP; and
such fully compliant execution is documented as such by the evaluation report and the inspection
report;

— Set2:Theevaluation/program was executed in partial compliance with the clauses of this prgtocol; all
non-conformances are described by the evaluation report and/or the inspection report, whichever
is relevant;@nd each such non-conformance is accepted as not having substantially alleviated the
requirements of this protocol and not having led to a substantial misrepresentation of the dandidate
conneetion’s performance.

82 defines “non-conformance” and describes the process for accepting a non-conformance as datisfying
tHeabeve Set 2 conditions.

8.2 Program non-conformances

In this protocol, a non-conformance occurs whenever one or more conditions of a mandatory provision
are not satisfied (i.e. non-conformances apply only to “shall” clauses). In general, non-conformances
might occur with respect to program roles, analysis or test procedures, or reporting.

The practicality of carrying out an evaluation program might sometimes suggest that non-conformances
be accepted during the program execution (e.g. when a test specimen gets damaged and needs to be
replaced by another specimen, and the available replacement specimen has a different loading history
than the damaged specimen) or after the program execution (e.g. when data review indicates that a
specimen temperature was outside the allowed range in a certain location). Acceptance of a non-
conformance will be facilitated when the intended use of the evaluation program results is known at
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the time of the program execution, for example when a candidate connection is being evaluated for
use in an existing operation with defined specific requirements. In other cases, acceptance of a non-
conformance might be more difficult, for example when a candidate connection is evaluated for future
applications with operational conditions unknown at the time of the evaluation program execution; or
when a connection manufacturer evaluates a new connection for several prospective users/applications
that might differ in non-conformance tolerance.

The following principles shall be observed in the process of accepting a non-conformance as not
having substantially alleviated the requirements of this protocol and not having led to a substantial
misrepresentation of a candidate connection’s performance:

— atlegst two different parties performing the program roles shall assess the rationale and potentifal
impljcations of the non-conformance, and agree on accepting the non-conformance;

— one ¢f the parties mentioned above shall be the assigner. The other party shall be the first party that
is different from the assigner in the following order: supplier, evaluator or inspector;

for gccepting each non-conformance shall be retained by the assigner as part of the evaluatign

— all n{n-conformances shall be documented and the relevant documentation explaining the rationalle
i
t.

repo

8.3 Performance acceptance

Inany sirlgle evaluation program, a candidate connection shall be considered to have met the performange
requirenjents of this protocol for the selected ASL if all of the following conditions are satisfied:

— the gvaluation program has been compliant with the requirements of this protocol (according fo
criteria specified in 8.1);

— the fandidate connection’s performance, measuted by the evaluation procedure, has met 3ll
applicable threshold performance requirements(énly results of full-scale testing shall be consider¢d
in meeting the threshold performance requirements);

— execition and results of the evaluation program have been fully documented in an evaluation rep(I‘t
and, jas applicable, in an inspection rgépert; and copies of the evaluation report and the inspectign
repoft have been delivered to the assigner.

8.4 Copformance of resultsfrom previous TWCCEP evaluations

Results df an evaluation program carried out in accordance with prior versions of the TWCCEP shall be
considered representative-of an evaluation carried out in accordance with the current version of the
TWCCEP| provided that.the candidate connection met threshold performance requirements applicable
when thg evaluationptogram was executed, and provided that the revisions between the prior TWCCEP
version @nd the <urrent TWCCEP version have not caused a substantial change in the evaluati¢n
procedurfe or the-threshold performance requirements. If such a substantial change has been made and
acknowl¢dged\in the TWCCEP revision summary, then the results of the prior evaluation program might
be considléred insufficient for some applications, and incremental evaluation might be required. The
scope of any such incremental evaluation shall be by agreement between the assigner and the supplier.

In all cases, the evaluation report and the inspection report shall indicate the TWCCEP version (release)
to which the evaluation program was conducted.

8.5 Use of data from previous evaluations

Analytical and experimental data acquired in a connection and/or material assessment prior to a
TWCCEP evaluation program is referred to as prior evaluation data. Such prior evaluation data may
sometimes be used in lieu of some or all analysis or testing required by the TWCCEP evaluation program.
Any party involved in TWCCEP program execution may propose use of prior evaluation data, but any
such use shall be agreed by the assigner and the supplier.
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In general, the TWCCEP allows use of prior evaluation data when either: 1) that data are fully compliant
with TWCCEP requirements or 2) that data are not fully compliant with TWCCEP requirements but
some additional conditions are satisfied. The following paragraphs provide provisions for either of the
above two scenarios.

The following process shall be followed for use of any prior evaluation data in a TWCCEP evaluation
program. Prior evaluation data may be used in a TWCCEP evaluation program if:

a)

a person/company who is a substantially qualified party (3.38) to perform connection evaluation

(analysis and/or testing, whatever the case might be) and interpret results thereof:

If

1) conducts a thorough technical review of the prior evaluation data;

2) verifies that the scope, procedures, execution history, and documentation that were ¢

mployed

to acquire prior evaluation data have all met or exceeded the respective reGuiiremeints of the

TWCCEP for the candidate connection;

3) issuesawritten confirmation that such verification was conducted and includes the co
reached;

if the person/company in a) acts on behalf of the supplier of the ¢onnection for which us
evaluation data are proposed, then at least one other persomnj/company that is a sub:s
qualified party to interpret prior evaluation data and is independent from that connection
provides written concurrence with the conclusions of thederification referred to in a).

a review of prior evaluation data is conducted as refefred to in a) and b) and the prior e

hclusions

e of prior
tantially
supplier

yaluation

data is found to not meet all TWCCEP requirements (forexample, because significant discrepancies are

identified between the prior evaluation and the TWCCEP procedure), then:

c)| if the review of prior evaluation data is done by a person/company independent from theg supplier
of the connection for which use of priorcgvaluation data are proposed, as discussed in p) above,
that person/company shall recommend-additional analysis and/or testing to supplement|the prior
evaluation data such that the combined extent of the prior evaluation data and the additional
analysis and/or testing will satisfytall requirements of the TWCCEP; or

d] if the review of the prior evaluation data is done by the supplier of the connection for which use
of prior evaluation data are-proposed, and that review is verified by an independent |party, as
discussed in a) and b) abeve, then the supplier and that independent party shall agree on additional
analysis and/or testingto supplement the prior evaluation data such that the combined extent of the
prior evaluation data-and the additional analysis and/or testing will satisfy all requirements of the
TWCCEP.

Upon that additional analysis and/or testing being carried out as discussed in c) or d) and confirmed in

wlriting as having been carried out, the prior evaluation data and the additional analysis and/¢r testing

shall be de€nied to jointly satisfy the requirements of the TWCCEP.

Any prier evaluation data used in an evaluation program shall be included in the evaluation report for

th

eccorresponding evaluation program.

8.6 Conformance to lower ASLs

Conformance of the assessment results of the candidate connection to the performance requirements
for the selected ASL shall be interpreted as conformance to all other ASLs defined by lower temperatures
than the ASL to which the candidate connection has been evaluated.
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9 Application severity levels

9.1 Thermal well load path

The TWCCEP recognizes that casing connections in thermally-stimulated wells, such as SAGD or CSS
wells, experience a common loading scenario in which axial loads on the casing pipe-connection system
and internal casing pressures are largely driven by cyclic temperature changes.

Temperature- drlven ax1a1 force contrlbutes the ma]orlty of the loadlng on the p1pe connectlon system

ranges dstinguished by the TWCCEP are provided in 9.3). The chart on the left side of Figure 4-shows
the relatjonship between the pipe body stress and well temperature, and the chart on the right sige

shows the same relationship in terms of mechanical strain generated by axially constrainéd thermfal
expansion.
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a) Stress-temperature plot b) Stress-strain plot
Figure 4 — Example of thermal-well load path (1.5 thermal cycles)
The load|cycle commences.With constrained heating, in which compressive axial stress initially buildls

according to the elastic_Styess-strain relationship (load path OA). The casing string yields when the
compressive yield strength is reached (at approximately 180°C in this case). The casing response fo
further temperaturesincrease is influenced by the temperature-dependence of the yield strength, whi¢h
typically|reverses.the slope of the stress-temperature curve, although this trend can be somewhat offset
by strainfhardening (load path AB). During steaming at maximum temperature, stress relaxation occufs,
which rejduces‘the compressive axial stress in the pipe-connection system (path BC). When cooling,
the strinp ‘€xperiences constrained thermal contraction, which generates axial tension (path CD). The
reverse loading curve demonstrates a reduction of the elastic range and a corresponding rounded shape
of the cyclic stress-strain curve. In the example illustrated in Figure 4, the casing yields again under
tension (at approximately 100°C). The maximum tensile stress is reached upon return to the lower-
bound temperature (path DE). Heating in the second cycle follows a cyclic stress-temperature (or stress-
strain) curve (path EF). Subsequent loading in the second cycle and later cycles qualitatively follows the
cyclic heating-cooling loop (path EFCDE), although each cycle might result in a slight change (typically
increase) of the tensile stress at the cycle-end. The width of the hysteresis loop EFCDE provides a
measure of average pipe-body plastic strain accumulated in each cycle. Specific progression of the load-
deformation loops depends on cyclic properties of the casing material. For example, modest increases in
the end-of-cycle tension typically occur with further cycling.
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Internal casing pressure typically constitutes a less severe loading component than axial tension and
compression, but it might have a significant impact on the casing deformation when the casing yields
due to the axial forces. In the event that a connection leaks, the magnitude of the internal pressure can
also be expected to impact the leak rate.

Internal pressure loading applied in the TWCCEP’s evaluation procedure is based on the assumption
that in thermal operations the internal pressure closely follows the saturated-steam relationship with
temperature, although it is recognized that cooling can also occur with retained reservoir pressures.
The adopted pressure-temperature relationship for saturated steam is illustrated in Figure 5.
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Figure 5 — Relationship between pressuire and temperature for saturated steam

The TWCCEP assumes the cyclic loading sequence described in the above paragraphs as the Hasic load
path for the analytical and testing evaluation tasks, with some modifications resulting from [practical
considerations (also see 6.5.7). The following three characteristic stages of the thermal cycle were
chosen as reference loading conditions:

a) connection make-up;
b] maximum-temperature hold;

c)] return to low temperature at the end of the thermal cycle.

92 Temperature as controlling parameter

The followfing list summarizes the reasons for which temperature is recognized as the major pprameter
influencitig thermal-well loading and connection sealability and structural response:

—t CEonstrained thermal expansion of cemented casing, when heated to the maximum ¢perating
TeMperature, generates nigh COmMpressive toads that might fead to pipe body and/or connection
yielding. The magnitude of the cyclic axial loads generated during temperature excursions, and the
degree of thermally-driven deformation, strongly depend on the applied temperature range;

— In field service, applied internal pressures typically follow the pressure-temperature relationship
for saturated steam;

— Properties of casing pipe and connection materials vary with temperature. The material yield
strength typically decreases as temperature rises, and creep and relaxation effects become more
pronounced at elevated temperatures;

— Elevated temperatures affect properties of connection interfacial components (e.g. thread
compounds, coatings), and thus influence their role in premium seal effectiveness. Higher
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temperatures are typically associated with faster property changes in coatings and thread
compounds, although resistance to such degradation might vary substantially between different
coatings and compounds.

The above list excludes geotechnical activity and corrosive effects, which are not addressed by the
TWCCEP.

9.3 Definition of application severity level

Thermal well operations are diverse. While the thermal-well loading sequence is assumed to be common
(and conpistent with the loading path described in 9.1), utilized temperature ranges vary. Assuming
a single [reference temperature for connection evaluation purposes would lead to the evaluati¢gn
condition}s being too severe compared to some field applications, and perhaps not severe erfough fpr
other applications. To permit consistent use of the evaluation procedure (3.15) for various,severities jof
thermal-jvell operations, the TWCCEP defines multiple ASLs that relate to increasingly arduous servife
conditions, and consequently specify increasingly arduous evaluation conditions.

The TW(CEP categorizes the ASLs based on the upper-bound temperature, as shewn in Table 3. Fpr
example| ASL-290 denotes a severity level choice appropriate for operations in which the maximujm
operating temperature will not exceed 290°C. Applications in which maximutn temperature does npt
exceed 180°C are not addressed by TWCCEP.

The TW(CEP arbitrarily assumes 5°C as the lower-bound temperatute for all ASLs. This temperatufe
is considpred conservative for operations in moderate or colder climates, because the casing stringlis
not expefrted to be at a lower temperature during cementing,.and is not expected to cool down to| a
lower terhperature during the operational cycles. While lower-bound temperatures higher than 5°C can
be expected in some climates, the TWCCEP assumes the resulting extra conservatism as an additionfal
safety margin that will enable a “qualified” connection te*be used in various climates without a need fo
repeat arpy testing.

All axisyjmmetric loads applied in the evaluation procedure are derived from the ASL specifications.
Axial loads are strain driven, resulting from constrained thermal expansion and contraction withjn
the rangg¢ defined by the lower-bound and upper-bound temperatures. Consequently, the magnitudes pf
axial fordes are material-specific. They depend on the coefficient of thermal expansion of the casing pipe
(and to allesser degree of the coupling material), and the material stress-strain characteristics.

Table- 3. TWCCEP application severity levels

Application severity level | Maximum operating tem- | Lower-bound tempera- | Upper-bound temper3-
(ASL) perature ture ture
)

Not applicable 180 180

240 181-240 5 240

290 241-290 5 290

325 291-325 5 325

350 326-350 5 350

The internal pressures derived from the saturated-steam pressure-temperature relationship are listed
in Table 4. Some field applications mightinvolve operational pressures other than the pressuresresulting
from the saturated steam curve. When the operational pressures are lower than the saturated steam
pressure, then the TWCCEP accepts the extra conservatism as a margin that will enable a “qualified”
connection to be used in a variety of applications in which internal pressure might vary from time to
time. The current TWCCEP version does notaddressloading scenarios in which the operational pressures
exceed the saturated steam pressure. Customized evaluations are recommended for those operations.
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Table 4 — Resultant derivative loads

Upper-bound temperature Axial loads Maximum internal pressure
(€9 (Strain-driven) (MPa)
180 1.0
240 Resultant from constrained thermal 3.3
290 expansion between lower- and upper- 7.4
325 bound temperatures 12.1
350 16.5

9{4 Selection of application severity level
The assigner (3.3) shall select the ASL (3.2) for each evaluation program (3.16) dt|the progranj onset.

Ap ASL with an upper-bound temperature higher than the maximum temperature expectgd in the
rglevant field service shall be chosen for an evaluation program.

Prior to program commencement, the assigner should consult withdhe’supplier (3.39) to confirm that
tHe selected ASL conforms to the supplier’s intended service environment for the candidate cohnection.

1D Program blocks and tasks

1D.1 Evaluation tasks and sequence — Overview

The basic structure of the TWCCEP evaluation procedure is outlined in Figure 6. The procedurg consists
off the following blocks (groups of related tasks): program specifications; biased test population;
specimen procurement; full-scale testing and'supplementary analysis; and reporting.

The program specifications block (Clause 11) describes the assigned program roles, the dandidate
cannection, and the selected program-options, such as the ASL. If relevant prior data are available and
tended for use in the program being commissioned, it needs to be referenced in this block aswell. The

Selection of program specifications for the candidate connection might impact subsequent yse of the
program results. For example, since the connection interfacial components (i.e. coating and thread
mpound) play a fundamental role in connection sealability in thermal applications, the [TWCCEP
program results are-considered valid only for the interfacial components that are includ¢d in the

of a different.interfacial component does not result in a substantial change of the candidate cdnnection

Determination of the biased test population (Clause 12) is conducted to derive specificatiors for the
fyllsscale connection testing specimens. This front-end assessment consists of two tasks:|Task 2.1

e aterial P S H 2 - eeHn g fon rsts—Fask 2.1 is
conducted to obtain reference properties of the candidate connection’s component material(s). These
reference properties are acquired by coupon-scale laboratory tests of a random sample of the connection
production material(s), at temperatures spanning the selected ASL. The acquired reference properties
are used to formulate a constitutive material model for subsequent numerical simulations. Task 2.2
Specimen Configuration Analysisis a parametric finite-element sensitivity study. Itis conducted to select
worst-case combinations of geometric and material-property variables allowed by the manufacturing
tolerances, and to select target make-up torques for sealability tests. 12.3 describes the scope of this
analysis, and Annex A provides associated modelling guidelines.

an ad = naain a a A

I M op ; a¥a O d 5 orrfistratio 3

To facilitate program execution, the material characterization and sensitivity analysis can be performed
well in advance of the other evaluation tasks. Pre-existing material data and FEA results can also be
used if their conformance to TWCCEP requirements is demonstrated.
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The results of the front-end analysis affect decisions relative to the procurement of specimen material(s)
(Clause 13). If material properties are shown to have a significant impact on the candidate connection’s
structural response, the range of material properties allowed for the test samples is biased to those
properties that lead to worst-case combinations of the material variables. If no significant impact of the
material variables is found, the test samples can be procured from any material with properties in the
range allowed by the connection production specifications.

After the test specimen’s mother pipes are procured in Task 3.1, their mechanical properties are verified
in Task 3.2, by a limited number of coupon-scale tests. Since the purpose of those tests is to confirm
consistency of the test sample material with the specifications defined by the front-end configuration

analysis,
and gaug
not pred
recomme

they can be referred to as quality-assurance checks. The test specimens are then maching¢d

ed according to the selected geometrical specifications in Task 3.3. Manufacturing variabl

btermined by the TWCCEP are assumed to be within normal production values. It iscstronglly
nded that duplicate specimens (replacement spares) be manufactured for each full=scale test

specimen configuration.

N
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5.2

Inspection Report

Compliance with TWCCEP requirements

Block Task Description Clause
c g 1.1 [Program Roles Assignment of program roles 11.2
1 © g 1.2 |Candidate Connection Unique identification of pin, box, interfacial component || 11.3
g E 1.3 |Program Options Selection of ASL and optional tasks 11.4
>~ " - " . .
8 & [[1.4 |Prior Evaluation Data Use of analysis/test data from prior evaluations 11.5
21 Initial Material Property Material property test of a random production sample 122
" |Characterization Reference properties for input into FEA model ’
) s 4
2 % Specimen Configuration Parametric analysis to determine critical design-specific
-% g Analysis configurations for test specimens
2 E ; 2.2.1 [Nominal Reference Nominal geometry, material properties, assemlsly,torque
5 22 2.2.2 |Specimen Geometry Worst diametric interferences and thread tapers 123
g § " 12.2.3 [Seal Tapers (*) Variations due to tolerances for seal tapers '
2 2.2.4 Material Properties Worst yield strength range for pin and.box materials
2.2.5 |Make-up Torques Target make-up torques for sealability tests
2.2.6 |Test vs Production (¥) Best test specimen vs worst production specimen
3.1 [Specimen Pipe Procurement Pipe joints ?nd c.oupllng S_tOCk . 13.2
c *qc-; as per specifications fofbiased test population
(]
o ZE A 4
318 £ 2 [ 3.2 [Material Property Verification | | Verification of niatefial properties of procured pipes ||| 13.3 |
(]
o |9
©]
N & 33 Specimen Machining and Per specifications for biased test population 134,
"~ |Gauging 1T Je2 | 3 | 4 | 5 | 6 | Spares 136
4.1 |Galling Resistance Test Muiitiple make-ups and break-outs | 14.3
112131 Ls |
Axisymmetric configuration and loading
10 thermal cycles from room to maximum ASL temperature
& ||42 |Thermal Cycle Test 3 4 | 5 6 | 14.4
s Specimens re-labeled based on results of thermal
2< cycle test: RX | RY
s
4] 25 BendingEvaluation Sensitivity to non-axisymmetric bending
A E 4.3 [43-1Bending Analysis (¥) Bending limit for structural integrity and sealability 14.5
S8 432 |Bend Test (*) 2] [TrRY']
wv
"% Limit-Strain Test Strength and sealability at increasing tensile strains
4.4 [4.4.1 |Loc. Strain Seepage (*) 1 RX 14.6
4.4.2 [Tension Limit 1 RX
As-Tested Configuration Analysis of as-tested configuration in support of acquired
4.3 Arratysts) expetimentalresults 14.7
. 5.1 |Evaluation Report Data ant;l resuI'Fs from analysis and testing .
5 |Reporting Comparison with threshold performance requirements 15

(*) - denotes optional task

Figure 6 — Blocks and tasks of TWCCEP evaluation procedure

Six specimens are subjected to full-scale testing. Clause 13 describes specimen configurations and
the corresponding numbering convention. As much as practical, the configuration of each specimen is
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designed to represent the worst-case combination of tolerances with respect to performance measures
assessed in those tests to which the specimen is subjected. The testing sequence for each specimen is
illustrated in Figure 6 (specimen numbers are marked in blue boxes).

TWCCEP’s fourth block contains specifications for full-scale tests and supplementary analyses (Clause
14). Some tasks in this block are mandatory and some are optional. The mandatory tasks in this block
are: Task 4.1 Galling Resistance Test, Task 4.2 Thermal Cycle Test, and Task 4.4.2 Tension Limit. The
optional tasks are: Task 4.3 Bending Evaluation (both subtasks), Task 4.4.1 Localized Strain Seepage,
and Task 4.5 As-Tested Configuration Analysis.

Table 5 pummarizes the mandatory and optional tasks and associated data categories. 1he tapk
outcomes are categorized according to the data types described in 6.3.7: input for subsequent tasks, k¢y
performgnce measures, and auxiliary performance data.
Table 5 — Mandatory and optional tasks and resultant data categories
Task Completion Resultant data category Clause
2.1 Lréiz?ilzgt?girial Property Char- | Mandatory Input for subsequent tasks 12.2
Spécimen Configuration Analysis:
2.2.1 Nominal Reference Mandatory
2.2.2 Specimen Geometry Mandatory
2.2.3 Seal Tapers Optional
2.2 |2.2.4 Material Properties: IEE:; goerr?:P;Z%%zn(;;:;ks and aux- 12.3
2.2.4.1 Pin Yield Strength Mandatory
2.2.4.2 Box Yield Strength Optional
2.2.5 Make-Up Torques Mandatory
2.2.6 Test Versus Production Optional
3.2 |Malterial Property Verification |Mandatory Input for subsequent tasks 13.3
4.1 |Galling Resistance Test Mandatory Key performance measure 14.3
4.2 |Thermal Cycle Test Mandatory Key performance measure 144
Bephding Evaluation:
4.3 |4.31 Bending Analysis Optional Auxiliary performance data 14.5
4.3.2 Bend Test Optional
Limit-Strain Test:
44 4.41 Localized Strain Seepage |Optional Auxiliary performance data 14.6
4.4 2 Tension Limit Mandatory Key performance measure and aux-
iliary performance data (*)
4.5 ?IZ ested Configuration Analy- [Optional Auxiliary performance data 14.7

(*) - data is auxiliary beyond average thermal strain. See 14.6.

The scope of the full-scale tests has been structured to reflect the loading encountered by casing and
connection systems during assembly and field service. The galling resistance test is conducted to verify
that the candidate connection can withstand multiple make-ups and break-outs without severe galling
of thread surfaces or appreciable deterioration of seal surfaces. The thermal cycle test assesses the
candidate connection sealability and structural integrity under combined, thermally-induced cyclic
loading. This testincludes specimen bake-outand multiple thermal cycles with temperature and pressure
changes consistent with the selected ASL. Four specimens are cycled, either in one or more strings or
individually. Upon completion of the thermal cycle test, the specimens are re-ordered according to
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their performance in that test. One cycled specimen and one non-cycled specimen are designated for
the optional bend test, in which the connection sealability and structural integrity are assessed under
curvature loading. One cycled specimen and one non-cycled specimen are subjected to the limit-strain
test, in which limits of connection structural integrity and (optionally) sealability are assessed under
increasing, tensile axial strain. Detailed test procedures and threshold performance requirements for
each test are included in Clause 14.

Galling resistance, structural strength, and sealability measured in the full-scale tests are the only
TWCCEP evaluation results that are compared to threshold performance requirements; only these full-
scale test results contribute to the pass-fail assessment of the tested candidate connection.

Supplementary analyses are recommended to evaluate connection performance indicators tllat might
b¢ critical for some operations but not for others. Task 4.3.1 Bending Analysis is reeommmgnded for
applications in which severe bending and/or shear is anticipated during installation.'6r dufing well
operation due to geo-mechanical loading. Task 4.5 As-Tested Configuration Analysiss recorhmended
td be conducted in support of interpreting the acquired experimental results; for example when some
tgsted connections are considered for classification as excluded connections,(3.21).

Results of supplementary analysis are not compared to threshold performance requirements| but may
b¢ used to specify additional testing to assess connection performance under applicationp-specific
cgnditions that are not simulated in the mandatory tests.

Program reporting is conducted in Task 5.1 Evaluation Report) The evaluation report contains all
amalytical and test data collected in the evaluation program. Data acquired in full-scale tests is jompared

ith TWCCEP’s threshold performance requirements (3.49)."The inspection report is prepared in Task
52 and attached to the evaluation report. The inspection report verifies compliance of the cpnducted
eyaluation program with TWCCEP’s procedures. Clause 15 describes the reporting requirgments in
de¢tail.

1.2 Critical path tasks

TWCCEP distinguishes several tasks insthe evaluation procedure (3.15) as critical path tasis, whose
oytputhas substantial impact on subsgquent task execution and on resultantassessment of the dandidate
caonnection (3.7). A list of the critical\path tasks is given in Table 6.

TWCCEP recommends that execution and results of the critical path tasks be independently ifeviewed,
td ensure that correct outputfrom those tasks is incorporated in other related tasks and in conjparisons
wlith the threshold performance measures (3.45). The extent of such an independent review ghould be
considered in view of guidelines provided in Annex C, and selected by agreement between the assigner
(3.3)and the supplief{8.39).
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Table 6 — Critical path tasks

Task Clause
1.4 Prior Evaluation Data 11.5
21 Initial Material Property Characterization 12.2
Specimen Configuration Analysis:
2.2.1 Nominal Reference
2.2.2 Specimen Geometry
2.2 2.2.3 Seal Tapers (*) 12.3
2.2.4 Material Properties (*)
2.2.5 Make-Up Torques
2.2.6 Test versus Production
3.2 Material Property Verification 13.3
3.3 Test Specimen Machining and Gauging 13.4,13.6
4.1 Galling Resistance Test 14.3
4.2 Thermal Cycle Test 14.4
Bending Evaluation:
4.3 4.3.1 Bending Analysis (*) 14.5
4.3.2 Bend Test (*)
Limit-Strain Test:
4.4 4.4.1 Localized Strain Seepage (*) 14.6
4.4.2 Tension Limit
4.5 As-tested Configuration Analysis (*) 14.7

(*) - appligs only to the performed optional tasks

11 TWCCEP program specifications

11.1 Gepneral requiremengts

This Clayse describes the TWCCEP tasks included in the program specification block (see Figure 6). The
tasks in this block are ¢onducted to specify information that will allow unique identification of partigs
involved|in the evaluation program (3.16), the candidate connection (3.7), and the options selected fpr
the evalyation precedure (3.15).

This blogk cofitains four tasks: Task 1.1 Program Roles (11.2), Task 1.2 Candidate Connection (11.3),
Task 1.3 Program Options (11.4), and Task 1.4 Prior Evaluation Data (11.5). Details of those four tasks

are descttibed-in the following sub-clauses of Clause 11. All tasks in this block are mandatory.

Additional information shall be included in program specifications when necessary to achieve unique
identification of the candidate connection and the selected program options.

All information obtained in the program input shall be documented in the evaluation report (3.17).

11.2 Identification of program roles

Task 1.1 is performed to identify all parties known to be involved in the evaluation program at its
onset, and their assigned tasks. If other parties become involved in the evaluation program during its
execution, then the information about those parties shall be added to program specifications accordingly.
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If multiple parties are assigned to a role, the program specifications shall indicate the assigned sets of
responsibilities within the shared role.

Table 7 illustrates the required extent and recommended format of program specifications on role
assignments. Specific assignments in Table 7 are listed as examples only, and are not to be interpreted
as TWCCEP provisions or recommendations.

Table 7 — Example of program specifications for role assignments

Program |Company Responsibility/task Source/sub-task
rple
Operator A Selection of ASL This exampleassymes a
Assigner Manufacturer B Selection of candidate connection program joiptly cmmis-
sioned Hfunded by Opera-
All other assigner tasks are shared tor Aand Manufad¢turer B
Spupplier Manufacturer B Provision of mother pipe and test
samples
Material property characterization Prior evaluation data
Manufacturer B - - - - — -
Specimen configuration analysigs Existing previous|results
Ejvaluator - - - - - - - —
Engineering Firm C  |Specimen configuration analysis Additional analys{s
Engineering Firm D |Full-scale testing
Imspector |Engineering Firm D |Specimen machining.and gauging Third-party thread/seal
gauging
Engineering Firm C  |Full-scale testing Galling resistance|test
Engineering Firm E  |Full-scale testing Thermal cycle test

Engineering Firm F | All otheriifrspection tasks

1/1.3 Identification of candidate e¢onnection

In Task 1.2, specifications for the-Candidate connection (3.7) shall uniquely identify the cdnnection
productthatis the subject of assessmentin the evaluation program (3.16), and the candidate connection’s
agsembly procedure recomimended by the supplier (3.39). Table 8 illustrates the required scope of, and
rgcommended format forjthe candidate connection specifications.

The first group of spéeifications in Table 8 relates to the candidate connection’s production specifications,
and include the connéction name, size, weight, pin and box materials, and interfacial componerits (3.24).

If|the candidate connection’s pin and/or box materials are manufactured to a design-specific set of
specifications that are different from API grade specifications (e.g. a narrowed-down rangg of yield
stirengthy;“then those design-specific production manufacturing specifications shall be identified in
TqskAl.2 and subsequently used in determination of the biased test population (Task 2.1 andl 2.2, see
12.27and 12.3.1) and for procurement of specimens for full-scale testing (Task 3.1, see 13.2).
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Table 8 — Extent and format of candidate connection specifications

1. Identification of candidate connection

Product

name

Size

Weight

Pin material designation (Note 1)

Box material designation (Note 1)

Interfaci

al components

2. Conng

ection schematic (Note 2)

Diagram

: attach separate page(s) with schematic cross-sectional diagram

3. Produyction specifications (Note 3)

Process

control/quality management plan

Pin draw

ring(s)

Box dray

ving(s)

Pin surf:

ice treatment/type specification

Box surf]

hce treatment/type specification

Swage/s

X Drawing erdocument revision and date
Lress relief procedure

Gauge cd

libration procedure

Gauging

and geometry inspection/QA procedure

Material

property inspection/QA procedure

Interfaci

al component inspection/QA procedure

4. Assen

hbly specification

Note 2 - py
Note 3 - p1
Note 4 - cy

Mill male-up procedure

Field running procedure Document revision and date
Connectjon repair procedure

Sample make-up curves (Note 4) Reference to make-up procedure
Note 1 - infclude applicable sub range of' API grade specifications, if applicable.

ovide detail to the extent needed to perform evaluation tasks.
oduction specifiéations must allow complete identification of the manufacturing process.

rves must showrtorque-turn up to maximum achieved torque.

The secd

evaluatigntasks.

nd group of specifications relates to the candidate connection’s schematic drawings. The

schemat:]c drawings shall contain sufficient amount of detail to enable execution of the TWCCE

P

The third group of input specifications relates to the candidate connection’s manufacturing procedure.
These specifications are required to uniquely identify the manufacturing process of the evaluated
product, for later reference. The TWCCEP does not require provision of confidential design or
manufacturing information.

The fourth group of candidate connection input specifications relates to connection assembly. The mill
make-up and field running procedures and the connection repair procedure are provided for use in
Task 4.1 Galling Resistance Test (14.3). Samples of make-up torque-turn curves are provided to verify

accuracy

34

of the candidate connection model in Task 2.2 Specimen Configuration Analysis (12.3.1).
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11.4 Program options

In Task 1.3, the assigner (3.3) shall consider and select from the following program-execution options:
a) Application severity level (3.2);

b) Task2.2.3 Seal Tapers - indicate if that analysis will be carried out in the evaluation program or not;

c) Task 2.2.4.2 Box Yield Strength - indicate if that analysis will be carried out in the evaluation
program or not, and if yield strength of the box material will be considered in determination of the

bhiased test nonulation:
Por 7

d] Task 2.2.6 Test versus Production - indicate if that analysis will be carried out in the efaluation
program or not;

e) Task 4.3 Bending Evaluation - indicate the selected scope of the bending evaluation: none| bending
analysis only, bend test only, or both options;

f)] Task 4.4.1 Localized Strain Seepage - indicate if that test will be cacfiéd out in the eyaluation
program or not;

g] Task 4.5 As-Tested Configuration Analysis - indicate if that analysis will be carried out in the
evaluation program or not.

The assigner shall communicate the selected options to the supplier (3.39), the evaluator (3.18)and the
inspector (3.23). The evaluator shall document all selected options in the evaluation report.

1[L.5 Data from prior evaluations

In Task 1.4, input of any prior evaluation dataintended for use in the evaluation programl shall be
cqnducted as follows:

a) source and contents of any existing data that is intended to be utilized in the current eyaluation
program as prior evaluation datashall be identified;

b] conformance of that existing data to TWCCEP requirements for prior evaluation datal shall be
verified as stipulated in 8.5.

1P Determination of-biased test population

12.1 Overall deSeription

This Clause describes the second TWCCEP evaluation program block: determination of bifsed test
population(see Figure 6). The main purpose of this block is to select those combinations pf design
variables-and make-up torques that represent worst-case scenarios with respect to the jassumed
perfotrmance measures for the candidate connection. The selected combinations are subsequehtly used
td derive specifications for the connection specimens to be manufactured for full-scale testing and for
thetarget make-up torques to be applied upon specimen assembly for sealability tests. The secondary
purpose of this block is to provide reference results for determination of load steps that will be applied
in physical testing.

This program block consists of two tasks: Task 2.1 Initial Material Property Characterization (12.2),
and Task 2.2 Specimen Configuration Analysis (12.3). Details of those two tasks are described in the
following clauses. Implications of the front-end analysis results on decisions relative to procurement of
the test specimens are also described.

To facilitate program execution, the material characterization task and the specimen configuration
analysis can be performed in advance of the other evaluation tasks.
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Material property specifications (for example, yield strength range) used for Task 2.1 and Task 2.2 shall
be consistent with candidate connection specifications provided in Task 1.2 (11.3).

Prior evaluation data on material property characterization, specimen configuration and make-up
torque analysis may be utilized in lieu of some or all subtasks of Task 2.1 and Task 2.2, if applicability of
that prior evaluation data to the candidate connection and its conformance to TWCCEP requirements
is demonstrated according to the provisions in 8.5. In such cases, prior evaluation data can be used,
for example, to select specimen specifications and/or make-up torques for full-scale testing without
conducting all material characterization and analysis cases required in Tasks 2.1 and 2.2.

Results pfamalyses conducted to determine Specifications for the biased Test poputation are npt
comparaple with TWCCEP threshold performance requirements.

12.2 Inftial material property characterization

12.2.1 Task description

Task 2.1 |nitial Material Property Characterization is conducted to obtain reference’material propertigs
of the candidate connection pipe materials, including tubulars for pin components and coupling
stock for] box materials. The reference properties include tensile stress-strain response and thermjal
expansion coefficient. These properties are assessed by coupon-scale laboratory testing of samplgs
represerTative of the connection-production materials, at temperatures spanning the selected ASL. [n
this docyment, such reference properties are called as-characterized.haterial properties. The acquired
as-chara¢terized material properties are used to define constitutive material models for subsequent ufe
in Task 2{2 Specimen Configuration Analysis (see 12.3.2).

Mechani¢al properties of pipe materials used for full-scale evaluation tests will in general not correspond
to those ¢f all of the pipes and couplings used in the field. Variability exists in material properties at both
ambient pnd elevated temperatures. Analyses of coniection models have shown that yield and pogt-
yield maferial properties affect contact forces in premtiim connection seals, and thus variability in those
propertig¢s can be expected to influence connection sealability in qualification tests and field use.

The TW(CEP provides the following procedute to account for variability in material properties of the
pin and hox components of the candidate¢ connection. First, representative samples of the pin and bpx
pipe matlerials are tested to obtain the as-characterized material properties (see 12.2.2, 12.2.3 and
12.2.4). Those as-characterized properties are used in Task 2.2 Specimen Configuration Analysis (12.3).
Upon prgcurement of materials for.the full-scale test specimens, conformance of their properties with
requirenjents for the biased test population is verified by physical testing (13.2 and 13.3).

12.2.2 Testing conditionsand scope

12.2.2.1(Stress-strain response

The stres$s-straini response of typical OCTG materials is known to depend on temperature and rate pt
which the material is strained. Evaluation of the temperature-dependence of the stress-strain materijal
responsd isZmandatory, unless existing material testing results are utilized as prior evaluation dafa.
Since the purpose of this initial evaluation is to support subsequent specimen configuration analysis,
and given the complexity and difficulty associated with evaluating rate-dependence, that aspect of the
material evaluation is recommended but not required.

The following testing scope shall be conducted for representative samples of the pin and box components.
At least one uniaxial tensile test shall be conducted at each of the following temperatures, up to the
temperature corresponding to the selected ASL:

— 15°Cto 35°C (ambient temperature)
— 180°C (transition temperature)

—  240°C (ASL-240)
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— 290°C (ASL-290)
— 325°C (ASL-325)
— 350°C (ASL-350)

Circumferential variability in properties should be checked by conducting at least one additional test on
a sample taken approximately 120° away (circumferentially) from the first sample. It is recommended
that the circumferential variability test(s) be performed at 180°C. If a variation of more than 10 % is
observed in the measured stress at the appropriate yield strain specified in ISO 11960 (typically 0.5 %
0 O£ 00 civnilovtacte choldbo oo st d o qo ol ol o ot ot act E oo ang foavac Eaoraach o erat
V.U /UJ, OITIIIIAT LLOLO J1IIUUIVU UL LUITUULlLUU dlU CdUIT UL LIIC ULIIvI LU ou \-blllt}\,l AlLUITI Co. 1 Ul CduIrtuirl p ure
afl which multiple tests are conducted, the resulting stress-strain curve that exhibits the, Iowest yield
stirength should be used as the as-characterized material description. If variability in(test fesults is
syspected to be an artefact of the testing system, further testing should be performed to.deteijmine the

rgpeatability of the results.

Tgble 9 summarizes the scope for Task 2.1 Initial Material Property Characterization, including the
mfandatory and recommended tensile tests for each ASL.

Table 9 — Scope of material characterization tensile tests

Application Severity Mandatory tensile tests Recommended cir- Total number offtests =

Level cumferential consist- | mandatory plusfrecom-

ency test(s) mended
240°C 3 (ambient, 180°C, 240°C) 4
290°C 4 (ambient, 180°C, 240°C 5
290°C) Atleast 1 test
325°C 5 (ambient, 180°C, 240°C (recommended at 6
290°C, 325°C) 180°C)
350°C 6 (ambient, 180°C, 240°C 7
290°C, 325°C,350°C)

12.2.2.2 Thermal expansion coefficient

Il Task 2.1 Initial Material-Rroperty Characterization, the TWCCEP allows the average coeffficient of
tHermal expansion (CTE,) of-each material to be determined according to one of the following methods,
prior to commencing Task 2.2 Specimen Configuration Analysis:

a)l assume an average CTE, of 14 pe/°C, if it is considered representative of the pipe material over the
temperaturé pange corresponding to the selected ASL;

b] quantify\the thermal expansion coefficient over the temperature range corresponding to the
selected ASL by laboratory tests as described for Task 3.2 Material Property Verification (13.3), and
calculate an average value corresponding to that temperature range;

c)L_use existing data and/or test results from a material sample if they are considered reprekentative
for the temperature range corresponding to the selected ASL;

d) calculate CTE; according to a temperature-dependent formula that is considered representative
over the temperature range corresponding to the selected ASL.

The method for determination of CTE, in Task 2.1 shall be selected by agreement between the assigner,
the supplier and the evaluator. The same method shall be adopted for testing the pin material and the
box material. The adopted method and the assumed and/or measured CTE, value(s) shall be documented
in the evaluation report.
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As an example, in independent prior investigations the following temperature-dependent formula was
derived for several carbon steel casing materials to determine an average thermal expansion coefficient
between 5°C and an elevated temperature 7, in which temperature T has Celsius units:

CTE, = (1094 + 0.00813 * T) * 10-6/°C

Measurement of actual CTE;, of pipes used for manufacturing specimens for physical tests is addressed
in 13.3.4.

12.2.2.3 [Matertal strip specimens

The matprial strip specimens (3.31) for stress-strain characterization shall be longitudinalystrip
specimens cut from full-circumference “coupon” sections of the source pipe. Where practical, the material
strip spegcimens should utilize a full-thickness rectangular cross-section or equivalent cylindrical pr
semi-cylindrical cross-section, and specimen geometry should be selected to satisfy the’control and
measurement requirements defined in 12.2.3. In the as-characterized evaluation, specimen propertigs
will be infterpreted as an indication of average mechanical response.

Relative gircumferential locations of all material strip specimens shall be recorded as they are remové¢d
from thelmother tubes. Where possible, all material strip specimens should’be’removed from the same
cross-sedtion. If this is not possible, extra strip specimens shall be extracted from an adjacent crogs-
section rjot more than 0.3 m (12 in) away, and from the same circumférential position. Material strjip
specimenps manufactured from ERW tube should be extracted at ledast 90° from the weld centrelinfe.
For small-diameter tubes for which the above-recommended specimen spacing is not possible, the
circumfefential distance between the specimen locations and the.weld centreline should be maximized.

12.2.3 Procedure for tensile tests

Tensile tests shall be conducted using testing progedures that meet ASTM specifications listed n
Clause 3 for ambient and elevated-temperature material mechanical property tests. It is recommendé¢d
that spedimen loading in the tests be conducted<in’a strain-control mode.

Strain in|reduced section of each material\st¥ip specimen shall be measured with an extensometer fo
a strain pf at least 2 %. It is recommended that the strain be measured by an extensometer up to|a
strain beyond the highest global strain attained in the candidate connection. If the extensometer dafa
are not available to this strain level;stroke data gathered during the material test must be rigoroudly
interprefed to provide a suitable/estimate of the stress-strain response.

Example|of strain-strain datato be acquired in the tensile tests are shown in Figure 7. These resuﬂ:s
need to Qe further processed and interpreted in order to obtain material property input for modelling
purposey. The result interpretation procedure is described in 12.2.4.

12.2.4 Interpretation and processing of tensile test results

12.2.4.1|Scope of result interpretation

Once testing results are obtained, they mustbe interpreted for subsequent use in Task 2.2. The following
constitutive material descriptions are the product of this interpretation:

— as-characterized;
— minimum-yield;
— maximum-yield.

The as-characterized set is consistent with results of the conducted physical testing, for example those
shown in Figure 7. The minimum-yield set is meant to approximate results that would be obtained if
tests were conducted on samples with the minimum ambient-temperature yield strength. Similarly,
the maximume-yield properties represent an estimate of the properties that would be measured from
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samples with the maximum ambient-temperature strength in the material’s yield strength range.
This range is typically defined by the API grade designation, but if a manufacturer certifies that the
ambient-temperature yield strength range of its production material is smaller than the API range,
then the maximum and minimum of the manufacturer’s claimed yield range may be used instead of the
maximum and minimum of the API range. If the connection configuration meets TWCCEP performance
requirements through use of a non-standard yield strength range, close attention should subsequently
be paid to the strength of field-installed tubulars to ensure the material strength remains within the
range considered in the TWCCEP evaluation.

Ideally, the minimum-yield and maximum-yield constitutive descriptions should indicate the stress
rg¢sponse of the material as a continuous function of strain and temperature. Such models are]complex,
particularly where cyclic behaviour occurs. As a minimum, the derived constitutive descriptions shall
cgntain adequate detail to provide the monotonic stress-strain response of the material'at’each tensile-
tgst temperature.

700

600 |-

500

| s=—Ambient
(MPa) 300 ! —Transition: 180 °C

: ——ASL 240 °C

2000 ASL 290 °C
I . i ——ASL 325 °C

100 | | APl yield strain| —ASL3500C
I

0 [} 1 1 1 1
0 0.5 1 2 3 4 5

Engineering strain (%)

Figure 7 — Examples of as-characterized monotonic stress-strain curves

12.2.4.2 As-characterized constitutive model

Yield strengths“derived from the material tests shall be tabulated and used to create a| thermal
dé¢gradationfiinction that non-dimensionally describes strength variations with temperatyre. Yield
stirengths<hall be determined from the measured stress at the yield strain specified by ARI for the
miaterialigrade being tested.
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For this purpose, the normalized yield strength is introduced and defined as:

T
o
T _ y
¢norm - ambient (1)
y
where

o ambient is the APl yield strength at ambient temperature;
y

af is the APl yield strength at a given elevated temperature;
y

¢ ’Z"orm is the normalized yield strength at the given elevated temperature.

The thermal degradation function consists of discrete points, where each point corresponds to the
normaliZed yield strength calculated at a different testing temperature (see Figure 8-as an example).

The thermal degradation function for each material shall be assumed consistent for all analysis cases jn
Task 2.2 Ppecimen Configuration Analysis.

While it |s recognized that material thermal degradation functions are not typically controlled in pipe
productipn, the TWCCEP recommends that those factors be monitored whenever practical, so that
material [databases could be enhanced for use in tubular designs ferhigh-temperature applications.

1.2

ngorm 08 x(

Normalized 0.6
yield
strength 0.4

0 0 50 100 150 200 250 300 350
Temperature (°C)

Figure 8 — Example of thermal degradation function

12.2.4.3 "Mimimum and maximum yieltd models atambient temperature

Ambient-temperature properties shall be based on the post-yield stress progression derived from
the as-characterized property set, and the specified yield strength at the corresponding minimum or
maximum yield for the candidate connection pipe material.

The ambient-temperature stress-strain curves for the minimum-yield and maximum-yield descriptions
shall be created using the following guidelines:

a) Determine the elastic modulus from the as-characterized ambient-temperature test data. The
minimum and maximum yield strength curves shall have the same elastic modulus as the as-
characterized curve at ambient temperature.
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b)

For the as-characterized material curve, determine the stress and strain at which the response

departs from the linear elastic response. This point on the stress-strain curve is commonly known
as the proportional limit. Note that the proportional limit might be different from the yield strength.

Reduce the provided set of data points to an efficient size, while ensuring that the curve remains

representative of the material behaviour. In areas of the curve where the slope is changing

considerably, a minimum suggested density of readings is 0.1 % strain per point.
d)

Y Z} ra ra

d ed
nal-limit stress-s

Equ 241y ANSIia
train response of the minimum-yiel

used t

d u y cld
o represent the

post-proportio

The points preceding the proportional limit of the minimum-yield curve shall constitute t
region of the curve, and thus should follow the elastic modulus of the as-chatraeterized
calculated in Step 1.

f)] Translate each of the readings, on the stress-strain curve beyond the preportional limit ¢
characterized curve, along the slope of the elastic modulus so that the stress at the API yig
is equal to the maximum-field strength (as defined in 12.2.4.1). The set of translated poin
used to represent the post-proportional-limit stress-strain response of the maximum-yiel

The points preceding the proportional limit of the maximumeyield curve shall constitute t
region of the curve, and thus should follow the elastic modulus of the as-characterized
calculated in Step 1.

Figure 9 shows an example of the as-characterizeds minimum-yield, and maximum-yield
aﬁbient temperature.

800 T
| {
700 | I/U\/lax. yeld - 65%_
Engineering 500 '\ As-characterized - 586 MPa|
stress :
(MPa) 400 : [Min. yield - 552 MPa|
300 ! —— As-characterized
: —— Minimum yield
200 ! = Maximum yield
| - -
100 ! |API yield stra|n| Ambient temperature of 20°C
|
0 M I I I I
0 05 1 2 3 4 5

Translate each of the readings on the stress-strain curve beyond the proportional limit on the as-
characterized curve along the slope of the elastic modulus so that the stress at the APl yie

1d strain
s will be
| curve.
he elastic
curve as

n the as-
ld strain
Es will be
d curve.

he elastic
curve as

urves at

Engimeering straim(96)

Figure 9 — Example ambient-temperature material properties

12.2.4.4 Minimum and maximum yield models at elevated temperatures

Elevated-temperature properties shall be based on the thermal degradation function and post-yield
stress progression derived from the as-characterized property set, and the specified yield strength at
the corresponding minimum or maximum yield limit for the candidate connection pipe material.
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For each elevated temperature, stress-strain curves for the minimum-yield and maximum-yield
descriptions shall be created using the following guidelines:

a)

f)

g)

h)

Figure 1) shows anh'example of the as-characterized, minimum-yield, and maximum-yield curves aff a

Determine the elastic modulus from the as-characterized elevated-temperature test data. The
minimum and maximum yield strength curves shall have the same elastic modulus as the as
characterized curve at the specified elevated temperature.

For the as-characterized elevated-temperature material curve, determine the stress and strain at

whic

Eval
yield
the 1
yield

Tran
curv
mini
repr
curv

The
temp
mod

Eval
yield
the 1
yield

Tran
curv
“ma3
repr
curv

The
temy]
mod

selected
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h the response departs from the linear elastic response (proportional limit).

psentative of the material behaviour. In areas of the curve where the slope is charging
derably, a minimum suggested density of readings is 0.1 % per point.

hate the thermal degradation function at the specified temperature and apply it to thé minimum
strength of the material at ambient temperature to obtain the stress at the APLyield strain fpr
hinimum-yield elevated-temperature curve. This stress will be referred to as the minimurp-
strength of the elevated-temperature curve.

slate the points beyond the proportional limit on the as-characterized<¢elevated-temperatufe
e along the slope of the elastic modulus so that the stress at the APl yield strain is equal to the
mum-yield strength of the elevated-temperature curve. The set*of’translated points will be
bsentative of the post-proportional-limit stress-strain responseof the minimum-yield strength
e at the specified elevated temperature.

boints preceding the proportional limit of the minimum<yield curve at the specified elevat¢d
erature shall constitute the elastic region of the ¢urve, and thus should follow the elastic
1lus of the as-characterized elevated-temperaturegurve as calculated in Step 1.

hate the thermal degradation function at the specified temperature and apply it to the maximujm
strength of the material at ambient temperatiire to obtain the stress at the API yield strain fpr
haximume-yield elevated-temperature curve. This stress will be referred to as the maximurp-
strength of the elevated-temperature‘curve.

slate the points beyond the proportional limit on the as-characterized elevated- temperatufe
e along the slope of the elastic medulus so that the stress at the API yield strain is equal to tﬂ:e
[imum-yield strength of the elevated temperature curve. The set of translated points will be
bsentative of the post-propoytional- limit stress-strain response of the maximum yield strength
e at the specified elevated temperature.

boints preceding the)proportional limit of the maximume-yield curve at the specified elevat¢d
erature shall cénstitute the elastic region of the curve, and thus should follow the elastjic
1lus of the as-characterized elevated temperature curve as calculated in Step 1.

blevated-temperature of 240°C.
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Engineering 200

stress 400 As—characterized -516 MPa
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3001 ! —— As-characterized
200 F :\ —— Minimum yield
I —— Maximum-yield
100 | yield strain |
| Temperature: 240°C
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Figure 10 — Example ASL-240 material‘properties

12.3 Specimen configuration analysis

12.3.1 Task description

Task 2.2 Specimen Configuration Analysis is aparametric finite-element sensitivity study (FEA), which
isjconducted to:

— select worst-case combinations. (of* geometric and material-property variables allpwed by
manufacturing tolerances of the.€ahdidate connection;

— select target torques from a specified range for make-up of the candidate connection specimens
designated for sealabilitytests;

— determine equivalent/low-stiffness and high-stiffness lengths for the candidate cdnnection
(formulas to determine the low-stiffness and high-stiffness lengths are provided in Annex B).

The worst-case ceribinations of manufacturing variables are assumed as follows:

— For galling'resistance, the combinations that result in the highest peak contact stress betveen the
connection pin and box components, either in the threads or in the seal.

— FBor(sealability, the combination that results in the lowest contact stress intensity betyveen the
cohnection pin and box components in the connection primary seal.

The peak contact stress in the threads is defined as the highest normal stress that acts on any contact
surface of the modelled pin or box threads (either complete or truncated threads). The peak contact
stressin the seal is defined as the highest normal stress that acts on the contact surface of the connection
primary seal.

The seal contact stress intensity is defined as the integral of the contact stress over the axial length
of the seal region. In an axisymmetric case, this corresponds to the total contact force per unit length
of the seal circumference (i.e. line load). This measure allows a comparison that is independent from
the contact band width and the seal diameter. Higher contact stress intensity is associated with better
sealing potential.
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Task 2.2 Specimen Configuration Analysis consists of six subtasks:

Executiop of Tasks 2.2.1, 2.2.2 and 2.2.5 is mandatory. In Task 2.2.4, evaluation of pin yield strengthlis
mandatofy, and evaluation of box yield strength is optional. Tasks 2.2.3 and 2.2®are optional.

In some ¢valuation programs, interim results might allow reduction of the analysis scope; for example,
when th¢ same geometry configuration corresponds to worst-case scenarios under multiple loading
conditions (12.3.4); or when multiple make-ups do not produce incremental plastic deformation (12.3.7).

Results ¢f the above analyses fall into two categories: input/for’ subsequent tasks and auxilialy
perform3nce data.

The follqwing clauses describe the required and recommended analysis scopes and procedures fpr
result inferpretation.

12.3.2 Modelling and reporting requirements

The analysis to be performed in Task 2.2 requires use of an axisymmetric finite-element model of tIe
candidatp connection. All analysis cases in Task 2.2 shall be performed in accordance with the modelli
guidelings provided in Annex A.

It is recdgnized that the complexity-of the FEA model development, combined with the diversity jof
availablel modelling tools and choeices, introduces a sensitivity of the FEA results with respect to t
modelling assumptions. In the ‘event that execution of an evaluation program requires additionj
modelling assumptions outside’/of the scope addressed in Annex A, those additional assumptions shall
be agreefl on by the assignéer;the supplier and the evaluator and documented in the evaluation report

Modelling results shallbé reported according to general reporting requirements stipulated in 15.2 a
A.2.8, anfl specificper-task requirements indicated in the following sub-clauses.

12.3.3 Nominal reference case

The nontin nce—analy 2 2 all - beconducted ablish 3 baselin
response of the candidate connection. Two primary objectives of this analysis are as follows:

44

Task 2.2.1 Nominal Reference - all-nominal case to obtain a baseline reference response of the
Candidate Connection (12.3.3);

Task 2.2.2 Specimen Geometry - identification of worst-case geometry configurations with respect
to galling resistance and sealability (12.3.4);

Task 2.2.3 Seal Tapers - optional analysis to examine impacts of seal tapers (12.3.5);

Task 2.2.4 Material Properties — guantification of impacts of material property variations. This
version of the TWCCEP provides guidance for evaluation of pin and box yield strengths (12.3.6J;

Task|2.2.5 Make-up Torques - selection of worst-case make-up torques for sealability tests((12.3.7);

Task|2.2.6 Test versus Production - optional analysis to assess potential variations~imsealabilify
between “best” test specimens and “worst” production specimens (12.3.8).

Determination of design-specific equivalent low-stiffness length and equivalent high-stiffness
length in a threaded pin-box interval of a made-up connection. These lengths shall be used as input
for the formulas determining strain compensations to be applied in the thermal cycle test (14.4.5
and derivations in B.1);

Calculation of seal contact stress intensity for the candidate connection’s nominal configuration, for
later study of its sensitivity to configuration variations.
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Connection geometry for the nominal reference case shall be per the supplier’s target dimensions for
manufacturing the candidate connection. In particular, nominal values for the following dimensions
shall be used:

— thread diameter;

— thread taper;

— seal diameter;

— seal taper
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bound temperature (this load path is described in Annex A).

dpcumented in the evaluation report are:

pe diameter and wall thickness of the mother pipes shall correspond to nominal values spe
0 11960.

he constitutive material model shall be configured to be representative of theas-char
aterial property set (per 12.2).

hly one analysis case is required in Task 2.2.1. The load path for that analysis case shall cons|
nnection make-up and one thermal cycle between the ASL's lower-bound temperature ar

esults of primary interest that shall be retained for comparison with sensitivity ana

equivalent low-stiffness and high-stiffness lengths in the:threaded pin-box interval (see fo
B.1.3);

thread contact stress distribution (including peak contact stress);
seal contact stress distribution (including péak contact stress);
seal contact stress intensity.

he equivalent low-stiffness and highsstiffness lengths shall be calculated at the end of the
rcle. Thread and seal peak contactstress shall be calculated and reported at full make-up. Sez
ress intensity shall be calculated.and reported at full make-up, at maximum temperature d
ermal cycle, and at the end of.the thermal cycle.

P.3.4 Worst-case geometry configurations

his clause describes-the analysis (Task 2.2.2) that shall be conducted to identify worst-case §
nfigurations of thie candidate connection with respect to galling resistance and sealability (3
12.3) for subsequent use in specifications for the full-scale test specimens. Table 10 summ3
orst-case tolerance combinations and corresponding codes used to specify the specimen §
nfigurations.

Table 10 — Worst-case geometry configurations and codes

cified by

hcterized

ist of one
d upper-

ysis and

‘mulas in

thermal
| contact
iring the

feometry
s defined
rizes the
Ffeometry

Combination of tolerances Code

Worst-case for galling in seal WGS

Worst-case for galling in threads WGT

Worst-case for sealability in tension at low temperature WST
Worst-case for sealability in compression at high temperature WSC

The worst-case geometry configurations are defined in terms of pin-box diametric interference in seal,
pin-box diametric interference in threads, and pin-and-box thread tapers (refer to 6.4.3 for interference
and taper definitions). Inclusion of seal tapers in the worst-case geometry configurations is optional
(12.3.5).
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Table 11 summarizes the interference and thread taper tolerance combinations and corresponding
codes used to specify the geometry configurations for the test specimens. Each specified pin-box
diametric interference is either minimum or maximum, and each thread taper is either slow or fast.
The minimum and maximum interference values refer, respectively, to the minimum and maximum
diametric interferences that result from candidate connection manufacturing tolerances for pin and
box diameters assuming nominal tapers. Slow/fast tapers refer to extreme taper combinations allowed
by candidate connection manufacturing tolerances for the pin and box components, where “slow”
corresponds to the minimum taper angle and fast corresponds to the maximum taper angle (also see

Figure 15).

Table 11 — Interference and taper tolerance combinations and codes

Pin-box diametric interference
Description Code
Minimum interference Min.
Maximum interference Max.
Thread tapers
Description Code
Slow pin/fast box PS/BF
Fast pin/slow box PF/BS

Table 12[illustrates the procedure to determine which interference and taper tolerance combinatiofs
fromthe petidentified in Table 11 will resultin the worst-case §¢eharios with respect to galling resistange
and sealdbility, as identified in Table 10.

In Step 1} eight analysis cases shall be run for different\combinations of seal and thread interferencgs
and thregd tapers. In those cases, the constitutive inédels for the pin and box materials shall be bas¢d
on materjial properties of the production sample tested as described in 12.2. Load path for analysis casgs
1 to 4 copsists of connection make-up to nominal torque and one thermal cycle corresponding to the
selected ASL (see load sequence specified in. Annex A). Load path for analysis cases 5 to 8 consists of onlly
one connection make up to nominal torque;

In Step 2| the results of the analysessconducted in Step 1 are used to examine contact stress conditions
in the copnection primary seal and_thread areas. Galling susceptibility in the threads and seal shall be
assessed[based on peak contactstressin, respectively, the threads and seal area; unless otherwise agre¢d
by the askigner, the supplierzand the evaluator. Assessment of sealability potential shall be based on the
seal contact stress intensity-tpon make-up, under maximum compression at the maximum operating
temperafure (upper-botind temperature), and under maximum tension at the end of the thermal cydle
(lower-bpund temperature).

In Step 3,|the contact stress conditions determined in Step 2 are compared to determine relative severify
rankings} andteridentify which analysis cases resulted in the highest and lowest severity with resperct
to galling susceptibility and sealability. For cases where the calculated contact stress measures (peak pr
intensityl vary lessthan 5 9% of the fnrgnfnd highncf orlowest measure (‘Mhir‘hnvnr npp]inc) for varions
interference and taper combinations, engineering judgement should be used to select the interference
and taper combinations for the test specimens, by agreement between the assigner, the supplier and the
evaluator.

In Step 4, the interference and taper combinations corresponding to the analysis cases selected in Step 3
are assigned to geometry configurations WGS, WGT, WST, and WSC, which are subsequently prescribed
for the test specimens (as listed in Table 10). The prescribed interference shall be either “minimum
interference” or “maximum interference”. The prescribed taper combination shall be either “PS/BF” or
“PF/BS”.

For some connection designs, the severity ranking of seal contact stress intensity might be consistent
throughout the thermal cycle, i.e. the tolerance combination that results in the lowest contact stress
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intensity at the upper-bound temperature might be the same as the tolerance combination that results
in the lowest contact stress intensity at the lower-bound temperature. If that is the case, then the above
single tolerance combination shall be selected for both WST and WSC configurations, and the analysis
prescribed in the following clauses shall be executed only for that single tolerance combination. If the
intensity ranking is different at the low and high temperatures, then the WST and WSC configurations
shall have different tolerance combinations.

Table 12 — Determination of worst case geometry configurations

L. Contact stress condition
Tolerance combinations -
Peak Intensity Pgak
C Interference Taper Load Seal Threads
ase path
Upper- Loewer-
Seal | Threads | Threads Make bound bound Mgke
up up
temp. temp.
Step 1 - Analysis Step 2 - Result summary (Note 1)
1 . PS/BF « N
= 3 > i Min. PF/BS l\illakf- ) o°
= E 3 . Max PS/BF 1 Cpcle {«
gsl 4 : PF/BS y oV
[L AN =" N
5w 5 Min. PS/BF h
S E 6 M PF/BS Make-
<g| 7 ax. PS/BF up
Max.
8 PF/BS
Step 4 - Geometry configuration ) . .
(Note 3) Step 3 - Severity ranking (Note 2)
WGS Highest
WGT Highest
WST Lowest
WSC Lowest
Note 1 Greentields to be filled based on contact stress conditions at respective locations
Note 2 Severity ranking based on results summarized in Step 2
Note 3 Seal and thread interferences (min. or max.) and thread tapers (slow or fast) selected as pdr severity
ranking obtained in Step 3.

12.3.5 Seal taper analysis

Execution of the seal taper analysis (Task 2.2.3) is optional at the assigner’s discretion. The decision to
conduct or not to conduct the seal taper analysis shall be documented in the evaluation report.

If the seal taper analysis is executed, its implications might or might not prompt additional specifications
for the test specimens. The assigner and the supplier shall consider the implications of the seal taper
analysis results, and agree on any supplementary specimen specifications. In either case, execution of
the seal taper analysis and its results shall be documented in the evaluation report.

The term “seal rocking” refers to the movement of the seal contact location due to local relative rotation
of the seal surfaces associated with through-wall bending of the pin and box components. In general,
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seal rocking occurs both during connection make-up and during thermal service operations. “Seal rock-
through” refers to seal rocking of sufficient magnitude to reduce the contact stress in the intended zone
of contact to zero or nearly zero, and move the zone of major contact stress to a different location, as
illustrated in Figure 11. Physical tests of premium connection seals have demonstrated that poor seal
performance can be expected if seal rock-through occurs, regardless of the seal contact intensity.

In general, variations of seal tapers influence contact stress distribution in the seal area, including the
potential for seal rock-through and changes in connection sealability. The magnitude of that impact is
design-specific and configuration-specific (e.g. different sensitivities can be expected for cone-on-cone,
cone-on-toroid, and other pin-box configurations).

beal contact stress: i at make-up :

at make-up

Contact zone under
: operational loading

Contact stress magnitude and zone:
moved:under operational loading '

Figure 11 — Illustration of'seal rock-through

The TW(CEP does not require biasing of seal tapérs because of challenges expected with machining sefal
tapers wjthin a reduced (biased) tolerance range and subsequent seal taper verification measuremenits

(gauging)).

The recommended seal taper analysis.should assess impacts of seal taper variations on contact strefs
conditions in the seal area. For example, for cone-on-cone configurations, two analysis cases should lpe
run to edamine impacts of extrefne seal taper variations: one case with a slow pin taper and a fast bpx
taper, anfl another case with afast pin taper and a slow box taper. This sensitivity should be based ¢n
the WST|geometry configuration, as determined in the analysis described in 12.3.4. Comparison with
nominal eometry can bé-used to estimate the severity of the changes caused by the taper variations

The modEglling appreach for the seal taper analysis should satisfy requirements outlined in Annex A.

12.3.6 Impactsof material property variations

12.3.6.1lTask scope

This clause describes an analysis (Task 2.2.4) to quantify potential impacts of material property
variations on the candidate connection sealability, and to select the range of material properties
allowable for the full-scale test specimens. In general, if the analysis results show that material property
variations might have a significant impact on seal contact stress, then the range of material properties
allowed for the test samples is biased to those properties that lead to worst-case combinations of the
material variables. If no significant impact of the material variables is identified, the samples can be
procured from any production-series pipe that has properties within the range allowed by production
specifications for the candidate connection.
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Task 2.2.4 contains two subtasks for determining impacts of the following material properties:

yield strength of the pin material - mandatory Task 2.2.4.1, see 12.3.6.2;

yield strength of the box material - optional Task 2.2.4.2, see 12.3.6.3.

Table 13 summarizes the yield strength variations and corresponding codes used to specify the material
properties in the constitutive models. The minimum and maximum yield strength values denote,
respectively, the minimum and maximum yield strength allowed by production specifications for the
candidate connection pin or box material.

Table 13 — Yield strength variations and codes

Yield strength
Description Code
Minimum strength Min.
Maximum strength Max.

12.3.6.2 Pinyield strength

Determination of impacts of pin yield strength variation (Task 2.2:4.1) is mandatory. Table 14 illustrates
tHe procedure to determine whether variation of the pin yield strength within the candidate conjnection’s
production range can be expected to have a significant impact on the seal contact stress.

In Step 1, four analysis cases shall be run for different conibinations of connection geometry conf
d pin yield strength; except if WST and WSC configurations are the same, then only two
cgses shall be run. The constitutive model for the:pin material shall be based on the case-spe
stirength and the post-yield characteristic assumed as per 12.2. The constitutive model fo}

guration
analysis
ific yield

the box

1

aterial shall be based on material properties of the production pipe sample tested as desgribed in
.2, unless otherwise agreed by the assignér and the supplier. The load path for analysis caseg consists

off one connection make-up to nominal torxque and one thermal cycle corresponding to the selefted ASL.

Step 2, the results of the analyses*conducted in Step 1 are used to assess contact stress cpnditions
the connection primary seal. Seal contact stress intensity shall be used to assess the cdnnection

sdalability potential upon make-up and at various stages of the thermal cycle. For each analysigcase, the

Step 3, average infehsity and intensity variance are calculated separately for each cdnnection

geometry configuration (i.e. separately for WST and WSC) at each temperature (according to the
farmulas indicated’in Table 14). The largest of the four variances calculated is taken as the aximum

Step 4,4he maximum intensity variance calculated in Step 3 is compared against a set df criteria
order~to determine the significance of the pin yield strength variation and to decide whe¢ther the
:

D al is not
restricted. The pin components can be made from any pipe that has yield strength within the
production specifications.

If the maximum intensity variance is between 15 % and 30 %, then selection of the pin material
shall be restricted to half of the range allowed for the yield strength by production specifications.
The two contact stress intensities that gave the maximum intensity variance in Step 3 shall be used
to specify the restricted production range. If the lower contact stress intensity corresponds to the
minimum yield strength assumed in the constitutive model, then the test sample material shall have
a yield strength within the lower half of the ambient-temperature production range. Conversely,
if the lower contact stress intensity corresponds to the maximum yield strength assumed in the
constitutive model, then the test sample material shall have a yield strength within the upper half
of the ambient-temperature production range.
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If the maximum intensity variance is larger than 30 %, then selection of the pin material shall be
restricted to one-third of the range allowed for the yield strength by production specifications. The
two contact stress intensities that gave the maximum intensity variance shall be used to specify
the restricted production range. If the lower contact stress intensity corresponded to the minimum
yield strength assumed in the constitutive model, then the test sample material shall have a yield
strength within the lowest one-third of the ambient-temperature production range. Conversely,
if the lower contact stress intensity corresponds to the maximum yield strength assumed in the
constitutive model, then the test sample material shall have a yield strength within the highest one-
third of the ambient-temperature production range.

[able 14 — Determination of allowable yield strength range for pin components
Tolerances Load Seal contact stress intensity
Cafke Pin yield oa ASL upper-bound ASL loweér-bound
Geometry path
strength temperature temperature
Step 1 - Analysis Step 2 - Result summary - Note 1
1 WST Min. 7
y. Max. Make-up rs\\\
i : + O
3 WSC Min. 1 cycle AQ‘
4 Max. 0\)
Step 3 -Severity ranking - Note 2
Average = (Highest + Lowest) /2 Average Average Average Average
Variance = . . . .
(Highest - Lowest) /Average (%) Variance Variance Variance Variance
Maximum intensity variance
Step 4 - Selection.of material property range
Maximum intensity . Allowab!e yield strength range
varianee (%) % of production Selection
range
less than 15 100 Unrestricted
between 15 and 30 50 Restricted to subrange
more than 30 33 with lowest intensity
Note 1 Green fields to be filled based on contact stress intensity at respective locations
Note 2 Severity ranking based on results summarized in Step 2

The following pin yield strength shall be assumed for subsequent analyses in Task 2.2.4.2 (12.3.6.3) and
Task 2.2.5 (12.3.7):

50

If selection of the pin material for the test samplesis unrestricted based on the results of the analysis
conducted in this Task 2.2.4.1, the constitutive model for the pin material shall be based on the as
characterized properties of the production pipe sample tested per 12.2;

If selection of the pin material for the test samples is restricted based on the results of the analysis
conducted in this Task 2.2.4.1, the constitutive model for the pin material shall be assumed as
follows:
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— the median yield strength of the restricted production range; and

— the post-yield characteristic assumed as per 12.2.

12.3.6.3 Boxyield strength

Determination of potential impacts of box yield strength variation (Task 2.2.4.2) is optional at the
assigner’s discretion, and only needs to be considered for threaded-and-coupled connections where the
box (coupling) material is normally manufactured separately from the pin (pipe) material. The decision
to conduct or not to conduct the box yield strength analysis shall be documented in the evaluation report.

If
pI

T4
C3

Task 2.2.4.2 is not conducted, constitutive model for the box material shall be based.on
operties of the production sample tested as described in 12.2.

ible 15 illustrates the procedure to determine whether variation of the box yield Strength w
ndidate connection’s production range can be expected to have a significant impget on the sed
ress. The procedure parallels that outlined in 12.3.6.2 to evaluate the impact of pin yield sty
al contact stress.

cgses shall be run. The constitutive model for the box material shall'be based on the case-spe(
stirength and the post-yield characteristic assumed as per 12.2, uhless otherwise agreed by thd
amd the supplier. The constitutive model for the pin materialshall be assumed as per 12.3.6.2.

C(

Step 1, four analysis cases shall be run for different combinations of connection geometry conf
d box yield strength; except if WST and WSC configurations are_th€ same, then only two

ith for analysis cases consists of one connection make-<Gp*to nominal torque and one theri
rresponding to the selected ASL.

Step 2, the results of the analyses conducted in.Step 1 are used to assess contact stress c
the connection primary seal. Seal contact stress intensity shall be used to assess the cg
alability potential upon make-up and at varigus stages of the thermal cycle. For each analysis

Step 3, average intensity and intensity variance are calculated for each connection §
nfiguration at each temperature (according to the formulas indicated in Table 15). The larg
ur variances calculated is taken(as'the maximum intensity variance that can be expected d
eld strength variation.

order to determine the-significance of the box yield strength variation and to decide wh
lection of tubulars for-the box test specimens needs to be restricted.

If the maximUm intensity variance is less than 15 %, then selection of the box mater
restricted_I’he box specimens can be made from any coupling stock that has yield streng
the production specifications.

If the'maximum intensity variance is between 15 % and 30 %, then selection of the box]
shall be restricted to half of the range allowed for the yield strength by production speci

material

ithin the
1] contact
ength on

guration
analysis
ific yield
assigner
The load
mal cycle

bnditions
nnection
case, the

ress intensity shall be calculated at the upper-bound temperature and the lower-bound temperature.

reometry
bst of the
lle to box

Step 4, the maximum jntensity variance calculated in Step 3 is compared against a set df criteria

bther the

al is not
th within

material
fications.

The two contact stress intensities that gave the maximum intensity variance in Step 3 sha

1 be used

to specify the restricted production range. If the lower contact stress intensity corresponds to the
minimum yield strength assumed in the constitutive model, then the test sample box material shall
have ayield strength within the lower half of the ambient-temperature production range. Conversely,
if the lower contact stress intensity corresponds to the maximum yield strength assumed in the
constitutive model, then the test sample box material shall have a yield strength within the upper
half of the ambient-temperature production range.

If the maximum intensity variance is larger than 30 %, then selection of the box material shall be
restricted to one-third of the range allowed for the yield strength by production specifications. The
two contact stress intensities that gave the maximum intensity variance in Step 3 shall be used
to specify the restricted production range. If the lower contact stress intensity corresponds to
the minimum yield strength assumed in the constitutive model, then the test sample box material
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shall have a yield strength within the lowest one-third of the ambient-temperature production
range. Conversely, if the lower contact stress intensity corresponds to the maximum yield strength
assumed in the constitutive model, then the test sample box material shall have a yield strength
within the highest one-third of the ambient-temperature production range.

Table 15 — Determination of allowable yield strength range for box components

Tolerances Load Seal contact stress intensity
Case Box yield oa ASL upper-bound ASL lower-bound
Geometry path
strength temperature temperature
Step 1 - Analysis Step 2 - Result summary - Note 1
1 Min. AT
2 WsT Max, | Make-up el
B Mi + § v"’
= WSC . 1 cycle
4 Max. (\%
Step 3 - Severity ranking="Note 2
Average = (Highest + Lowest) /2 Average Averagé Average Average
Variance = . ¢ . .
(Highest - Lowest)/Average (%) Variance Variance Variance Variance
Maximum intensity variance
Step 4 - Selection of material property range
Maximum intensity . Allowab!e yield strength range
variance (%) % of production Selection
range
less than 15 100 Unrestricted
between 15 and30 50 Restricted to subrange
more than 30 33 with lowest intensity
Note 1 Green fields to be filled based on contact stress intensity at respective locations
Note 2 Severity ranking based on results summarized in Step 2
12.3.7 Make-up4orque for sealability tests

This Claysedescribes the analysis that shall be conducted to select target torques for final make-
of the capdidate connection specimens designated for sealability tests [Task 2.2.5). The objective pf
this analysisi5to sefec
lowest contact stress intensity in the seal area - so that the sealability tests are based on conservative
scenarios with respect to connection make-up. While in some cases the lowest torque might seem to
be a reasonable and conservative target, counterintuitive results were obtained in some connection
evaluation programs for thermal well applications - which prompted introduction of this analysis in the
TWCCEP scope.

Table 16 summarizes the make-up torque variations and corresponding codes used to specify the torque
selections. The minimum and maximum torque values denote, respectively, the minimum and maximum
torque allowed by the supplier’s make-up procedure for the candidate connection.
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Table 16 — Torque variations and codes

Make-up torque target

Description Code
Minimum torque Min.
Maximum torque Max.

Table 17 illustrates the procedure to determine the final make-up torque that shall be used for assembly

of specimens for sealability tests. The scope of the analysis assumes that specimens with all geometry

configurations listed in Table 10 might be subjected to sealability tests, even though sealabﬁ'iity tests
of some of those configurations are optional. The rationale for such choice is to gain understanding of
connection performance at a relatively low incremental cost of the associated analyses
I Step 1, several analysis cases shall be run for different combinations of e¢enhection geometry
canfigurations. The default number of cases is 12, but that number may be,reduced by agreement
b¢tween the assigner, the supplier and the evaluator, if it is demonstrated thatno'incremental plasticity
o¢curs in the connection seal upon break-out and/or second make-up to the;same torque, in which case
tHe reduction of the analysis scope might apply to cases 2, 4, 6, and 10. If geometry configuratjons WSC
and WST are the same, the number of cases shall be reduced correspondingly.
The constitutive model for the pin and box materials shall be based‘on the yield strength selectgd in Task
2]2.4.1 (12.3.6.2) and Task 2.2.4.2 (12.3.6.3). The load path fgr analysis cases 7, 8, 11 and 17 consists
off a single make-up to a case-specific torque and one thérmal cycle corresponding to the|selected
ABL. The load path for all other analysis cases consists.of{two consecutive make-ups to cas¢-specific
tdrques separated by a zero-load (zero-interference) stepsimulating a break-out, and one thermal cycle
corresponding to the selected ASL.
Table 17 — Determination of torque‘for make-up of sealability test specimens
Step 2 - Step 3 - S;‘:ﬁ; )
Step 1 - Analysis Result Severity toraie
summary ranking q
selection
Torque target Seal
Geometr contact Lowest Min. or
Case confi Y| Load path 1?: 21}(‘1 stress intensity in Ma.
& make- make- | jntensity each pair
up up (Note 1)
1 - Max. Min.
WGS 2 make-ups Lowest from TR(WGS)
2 + 1 cycle Max. Max. cases 1 and 2
3 - Max. Min.
WoT 2 make-ups Lowest from TF(WQT)
4 + 1 cycle Max. Max. cases 3 and 4
> 2 make-ups Max. Min. Lowest from TR(WST-M)
6 + 1 cycle Max. Max. cases 5 and 6
‘VAV,ST
7 1 make-up Min. Lowest from
38 + 1 cycle Max. cases 7 and 8 TF(WST-5)
9 2 make-ups Max. Min. Lowest from TR(WSC-M)
10 + 1 cycle Max. Max. cases 9 and 10
11 wst Mi
- 1n.
1 make-up Lowest from TFWSC-S)
12 + 1 cycle Max. cases 11 and 12
Note 1 Green fields to be filled based on contact stress intensity at cycle end
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In Step 2, the results of the analyses conducted in Step 1 are used to illustrate contact stress conditions
in the connection primary seal. Similarly as in 12.3.4 and 12.3.6, seal contact stress intensity at cycle
end shall be adopted as a representative indicator of connection sealability.

In Step 3, the contact stress intensities determined in Step 2 are compared to determine the case that
resulted in the lowest intensity within each pair of analysis cases conducted on the same geometry
configuration and make-up sequence.

In Step 4, the final make-up torques associated with the cases determined in Step 3 are selected as
targets TF(XXX) for the fmal make ups ofthe spec1mens for the sealablllty tests, where TF(XXX) targets
will be e T
For the V
which refpectively correspond to the target torques for either single-make-up specimens or multiple-
make-up[specimens.

12.3.8 Test versus production specimens

Executioh of the test-versus-production analysis (Task 2.2.6) is optional at the assignet’s discretion. The
decision fo conduct or not to conduct this analysis shall be documented in the eydluation report.

If the tegt-versus-production analysis is carried out, execution of that analysis and its results shall e
documerted in the evaluation report. The assigner shall agree with the supplier whether the results pof
this analysis should be used to derive additional specifications for the test specimens.

The testversus-production analysis examines variations thaf) can be expected in a candidafe
connectipn’s performance due to differences between the worst-case configurations possible withjn
its manufacturing tolerances (worst production connection) ‘and the best-case configurations possibfle
within tlhe machining specifications allowed for the biased test population (best test specimen). [n
this Claujse, the best and worst scenarios are interpreted in the context of the predicted connectign
sealability; i.e. the best and worst scenarios are those-with, respectively, the highest and the lowest sepl
contact sfress intensity.

The obje¢tive of this analysis is to provide anindication of the sensitivity of seal contact stress intensity
to possilble geometric, material, and make-up variations within the range allowable for TWCCHEP
specimens. If the seal contact stress intensity for the best biased test specimen is similar to that fpr
the worsf production connection, then all test specimens can reasonably be considered representatiye
of the worst-case production connpections. If the seal contact stress intensity for the best biased tefst
specimen is significantly higher(than for the worst production connection, then some test specimens
might nof be representative of the worst-case production connections. This analysis is viewed as highlly
beneficidl for the connection-user and manufacturer, because its results can provide valuable insight info
connectipn performance boundaries, and facilitate decisions relative to production quality assurange
and procirement quality/verification.

For exaniple, Figure 12 illustrates that a certain specimen parameter P (such as seal interference) might
vary within theseennection production specifications from Ppin to Pmax- The “worst-case” allowed by
the prodpction specifications might be at Ppin. In the test, that parameter can assume values in the
minimunp parameter range: between the lower-bound value and the upper-bound value (as shown [n
Figure 1ZJ.Tnthis example, the test-versus-production analysis should compare the connection response
at Pmin and at the upper-bound value of the minimum parameter range.
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quired analysis cases shall be reduced correspondingly.

ne seal interference, thread interference and thread taper in analysis(cases 1 and 3 should be
SC and WST configurations, respectively. The seal interference, thread interference, and thr
analysis cases 2 and 4 should be set to the opposite end of thé& corresponding allowable r

wer bound of the maximum thread interference range (minimum interference allowed) fo

e box thread taper would be set to the fastest¥alue allowed for the test specimens.

nfiguration within production tolerances that provides the minimum seal contact inten

al contact intensity could be obtained by either increasing or decreasing the seal taper);
pers in analysis cases 2 and 4 shall be set to the configuration within production tolera
ovides the maximum seal contact intensity after make-up. If the impacts of the seal tapers o
ntact stress intensity are/lunknown, they shall be set to nominal values.

follows:

analysisicdses 1 and 3 - select the combination giving the minimum seal contact intensity

aQ

©

ne-above choices should be governed by the pin and box strength values at the tempera
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Figure 12 — Illustration of allowable parameter ranges for specimen components

analysis cases 2 and 4 - select the combination giving the maximum seal contact intensity.

ible 18 illustrates the procedure for determining the impacts of the test-specifrien tolerances for two
ased configurations for sealing (WSC and WST). If those configurations are the same, the number of

ket to the
bad taper
hnges for

st specimens (13.4.6) of the respective configurations. For example, let the WSC configuratign consist
minimum seal interference, maximum thread interfererice, and PF/BS thread taper. In cgse 2, the
al interference would be set to the upper bound of the Minimum seal interference range (mhaximum
interference allowed) for the test specimens. Similarly,sthe thread interference would be det to the

" the test

ecimens. The pin thread taper would be set to.the slowest value allowed for the test specimens and

impacts of seal tapers on the seal contactstress intensity are known based on prior evaluation data
results obtained in the optional Task2.2.3, then seal tapers in cases 1 and 3 should be det to the

ity after

ake-up (note, depending on how the'seal geometry is specified in the machine drawings, the jninimum

and seal
nces that
1 the seal

hsed on results acquired in Task 2.2.4 (12.3.6), the pin and box material yield strengths should be set

fure that
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Table 18 — Determination of impact of test specimen tolerances

Step 1 - Analysis Step 2 - Result summary
Interference | Taper Seal contact stress intensity
Case Pin yield Load path & Make- Upper- | Lower-
Seal Threads Seal strength | make-up torque u bound bound
P temp. temp.
1 WSC Worst Worst Worst
. Worst OJ
2 WSC +/- specimen Best Best +/- make-up Q'\
tolerances
torque tolerance 2
3J
WST (may be the Q;b
3 same as WSC) Worst Worst Worst '\(1/
V.l
. Worst ~
4 WST +/- specimen Best Best +/- make-up \<Q?~
tolerances
torque tolerance ,.O
Note 1 Green fields to be filled based on contact stress intensity at reSpective load path locations
Note 2 Evaluation report should contain seal contact stress distributions along seal length at each load step
The load[path (one make-up and one thermal cycle, or two-make-ups and one thermal cycle) and make-
up torque(s) in analysis cases 1 and 3 shall be set to proyide minimum seal contact intensity at high and
low templeratures, respectively, as determined in 12.3:% The load paths in analysis cases 2 and 4 shall }e
the samejas cases 1 and 3, respectively; however, the'make-up torque(s) shall be set to the opposite efpd
of the allpwable ranges for test specimens (see m@ke-up torque specifications in 14.3.6).
In Step 1,/two to four different analysis casesshall be run be run for different combinations of connectign
geometry configurations.

connectipn primary seal. As in 12:3.6) seal contact stress intensity shall be used to assess the connecti
sealabilify potential upon make-up and at various stages of the thermal cycle. For each analysis case, t
stress intensity shall be calculated at the ASL upper-bound temperature and lower-bound temperatuie.

In Step 2|the results of the analyses conducted in Step 1 are used to assess contact stress conditionsin t}:e
n
e

13 Spefimen procurement

13.1 Tapk description

This Clapse, describes the third program evaluation block, which deals with procurement and
preparat&n—#mmmmrmmjﬁﬁuﬂmmm—m%

block cover procurement of specimen component pipes and verification of their material properties,
specifications for specimen machining, specimen quality control and geometry verification (gauging),
procurement of connection interfacial component(s), specimen handling and storage, and treatment of
damaged specimens.

Six connection specimens shall be machined for full-scale testing. These specimens are numbered
Specimen 1to Specimen 6.Specimen numbering conventionisassociated with the specimen configuration
and tolerances, which are explained in Table 19 and 13.4.4.

For threaded and coupled connections, one additional pin end with seal removed shall be provided to
support open ends of couplings during make-up and break-out. This pin is referred to as the make-up
support pin (3.29).
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It is strongly recommended that one or more replacement specimens (spares) be machined for each test
specimen configuration at the time when the test specimens are manufactured, and in accordance with
the same procurement and machining guidelines as for the primary test specimens. It is acknowledged
that the process of substituting spares for damaged or unusable specimens might become complex
when a part being replaced, such as a coupling, affects more than one connection; or when a part being
replaced, such as a pin-by-pin intermediate pup, affects more than one specimen (13.8.2).

Specifications for the test specimens, replacement spares, and make-up support pin are provided in the
following Clauses.

1B.2 Specimen pipe procurement

Pin components for the test specimens shall be machined from pipes with yield strengthisthatf conform
td the requirements included in 12.3.6.2 and Table 14.

For threaded-and-coupled connections, if the optional Task 2.2.4.2 Box Yield Strength has been ¢xecuted,
be components for the test specimens shall be machined from coupling stock with yield strenjgths that
cgnform to the requirements included in 12.3.6.3 and Table 15. When the optiohal Task 2.2.4.2 Box Yield
Stirength has not been executed, box components shall be machined from(pipes with propertigs within
tHe range allowed by the candidate connection production specifications, and the coupling stogk should
b¢ selected to have properties as close as practical to average production values.

Applicable mill certificates per ISO 11960 shall be provided for all'pipe and coupling stock profured for
candidate connection specimens. Copies of those certificates shall be included in the evaluatiop report.

1B.3 Material property verification

13.3.1 Objective

Stiress-strain properties of pipes and couplings procured for candidate connection specimgens shall
b¢ checked prior to specimen machining;)in order to confirm that the actual properties conform to
specifications for the biased test population as established in 12.3.6.

Verification testing shall also be{conducted to determine average coefficient of thermal ekpansion
(dTE,) for the heat of pipe used to make pin components, which is needed in the thermal ¢ycle test
far calculation of mechanicalstrain compensations (14.4.5) and might also be used for califjration of
tHe elongation-strain measuring system (14.4.6). If the thermal expansion coefficients for th¢ pin and
bx materials tested in-Task 2.1 (12.2.2.2) were substantially different, then the average coefficient of
tHermal expansion ofthe tube used for the box components should also be verified.

18.3.2 Specimens for tensile verification tests

The material-property verification tests shall be performed on axially-oriented material strip specimens
(4.31) cutfrom material coupons (3.30) (i.e. from full-circumference short lengths of pipe) ¢xtracted
friomAnother pipe and coupling stock used for manufacturing the candidate connection specinqxens. The

sp€eimen manufacture could be undertaken prior to conducting the material property verificatfion tests,
but the use of connection test specimens with material mechanical properties shown not to conform to
the TWCCEP requirements (as specified in 12.3.6) is not permitted.

One material coupon (full-circumference tubular sample) shall be obtained from each length of mother
tubes used to manufacture the full-scale test specimen pups and couplings. The coupon may be extracted
from any axial location within the mother joint, but if substantial axial variability in mechanical
properties is anticipated, extraction of more coupons is recommended. The axial position of the coupon
relative to the connection test specimens shall be recorded. Coupon length should be adequate to enable
machining of strip specimens and samples for any other material evaluations that might be warranted.
If ERW pipe is used, the weld location should be identified and clearly marked, and the circumferential
location of any strip specimens identified with respect to the weld centreline. Retention of the remaining
material from the coupon is recommended, in the event that any further characterization of mechanical
properties, microstructure, or chemistry of the test material is later required.
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At least three longitudinal material strip specimens shall be manufactured from each coupon taken
from a mother pipe used in the manufacture of any primary or spare pup or coupling, for use in the tests
described in 12.3.3. Machining of additional strip specimens is recommended for backup purposes.

The material strip specimens should utilize a full-thickness rectangular cross-section or equivalent
cylindrical or semi-cylindrical cross-section. All strip specimens should be of a similar geometry.

The material strip specimens should be extracted from withinasingle quadrantofthe pipe circumference,
and preferably from immediately adjacent circumferential positions. Material specimens manufactured
from ERW plpe should be extracted at least 90° from the Weld centrehne For small dlameter plpes for

Relative gircumferential locations of the extracted material strip specimens shall be recorded as the
specimens are removed from the pipe coupon.

13.3.3 Scope of tensile verification tests

The following tensile verification tests shall be conducted on the material strip specimens (3.31) cht
from each material coupon:

— A minimum of three tensile tests for each coupon from each motherpipe used to manufactufe
specjmens for full-scale tests at elevated temperatures:

— o¢ne test at ambient conditions;
— ¢ne testat 180°C;
— one test at the upper-bound temperature of the selected ASL.

— A mipimum of one tensile test at ambient conditiens for each coupon from each mother pipe used fo
manfifacture specimens for full-scale tests at ambient temperatures.

The aboye tests shall be conducted using testing procedures that meet applicable ASTM specifications
listed in[Clause 2. Utilization of the same procedure as previously used to complete Task 2.1 Initial
Material |Property Characterization is suggeésted to facilitate comparison of results.

The yield strength at the API yield strain (per ISO 11960) and the stress-strain curves shall be record¢d
in the eviluation report for eachtensile verification test performed.

The yield strength measured\in each ambient-temperature verification test shall be compared to the
allowabl¢ range determined-in Task 2.2 Specimen Configuration Analysis. The material yield strength
shall be yithin the range,determined in Task 2.2 in order for a connection made from that material fo
be used ip the full-scaletest.

The yield strengths measured in the elevated-temperature verification tests shall be compared to the
elevated{temperature test results acquired in Task 2.1, and that comparison shall be recorded in the
evaluatignreport. It is recommended that the normalized yield strength be calculated for each material
sample a a . .
between the observed thermal degradatlon functlons and those prev10usly used for the spec1men
configuration analysis (Task 2.2) be recorded.

Inclusion of the obtained stress-strain data in the evaluation report is mandatory in order to:

— preserve a detailed record of the relevant mechanical properties together with the connection
sealability and structural integrity testing results;

— enable subsequent users of the evaluation results to gain or maintain confidence in the applicability
of the test results;

— facilitate future product line evaluation activities.
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13.3.4 Coefficient of thermal expansion verification test

Verification of coefficient of thermal expansion (CTE) of the pin material is mandatory. Verification of
CTE of the box material is recommended when CTEs for pin and box samples tested in Task 2.1 (12.2.2.2)
were substantially different (i.e. differed by more than 15 % of their average value).

For each material (i.e. pin and/or box), samples for the verification CTE testing shall be extracted from
one of the mother pipes used to make the Candidate Connection Specimens.

In each verification test, CTE data shall be obtained over the range of test temperatures according to the
atrd-the-average-thermatexpansionrcoefficter Tshattbe-determined—Fhe-method for

d¢termination of the CTE, ay be either as recommended below or as otherwise agreed by,.the assigner
and the supplier.

The TWCCEP recommends that CTE testing should be conducted according to thé-requirgments of
ABTM EB31-06, and should quantify the expansion response in the axial direction-of the pipe. I general,
tHe CTE can be expected to increase as a function of temperature. CTE tests should provide cdntinuous
experimental data indicating the measured change in sample geometry (and the associated thermal
stirain, A&therm) as a function of temperature through two complete thepmal cycles (one cycld includes
rgmp-up and ramp-down). That data should be used to calculate the\average coefficient of thermal
expansion CTE, between the lower-bound temperature and upper-bourid temperature for the selected
ABL:

A
CTE, = =term 2)

The expansion coefficient should be expressed in units.ef °C-1.

Continuous thermal expansion testing results*(elongation/strain versus temperature) should be
rgtained, because they might aid confirmation-gf the accuracy of the strain measurement system used
for the thermal cycle test, as discussed in 144

1B.4 Test specimen machining

13.4.1 General requirements

Connection specimens for(full-scale physical testing are manufactured according to specifications
d¢termined for the biased test population (12.3).

FrTr threaded-and-cgupled connections, all couplings shall be machined at both ends, including those
intended for the galling resistance test.

Only mechanical cutting is allowed. Torch cutting or abrasive cutting shall not be used.

13.4.2 . Specimen naming convention

Thé~six candidate connection specimens that are required for TWCCEP full-scale testing| shall be
numbered as Specimen 1, 2, 3,4, 5 and 6 (refer to Table 19 in 13.4.4 for correlations between specimen
numbers and the required geometrical configurations).

The replacement specimens for any of the above specimens shall be numbered by the original specimen
number followed by a period and the replacement number - for example, Specimen 1.1 denotes the first
replacement specimen for Specimen 1, and Specimen 1.2 denotes the second replacement specimen for
Specimen 1, etc.

The pin and box components of each specimen shall be identified by the corresponding specimen
number (either original or replacement); and for threaded-and-coupled connections, each pin and box
component shall also be identified by a letter uniquely corresponding to each connection within a given
specimen, according to the following convention.
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For integral connections:

each

each

box component shall be identified by its specimen number;

end of each pin component shall be identified by its specimen number.

For threaded-and-coupled (TC) connections:

For both

Naming ¢

Naming ¢

13.4.3 Specimen length and length:reference requirements

The TW(
the comb

The pup

each box component shall be identified by its specimen number and a letter A or B, with each letter
corresponding to one side of the coupling;

each
each

pin/
then

unthjreaded ends shall be identified as blank.

Pin 4

Pin 3
Spec

Pin 4

Pin 3
side

Box

to en
of th

string assembly);

to pr
the f

letter corresponding to the matching box component.

integral and TC connections:

w_»,

umber-letter combinations for each end, separated by “-

xamples for integral connections:
-blank - designates pin component for Specimen 2.

-Box 4 - designates pin-box component for a string assembly, with the pin end belonging
imen 3 and the box end belonging to Specimen 4.

xamples for TC connections:
A-blank - designates pin component for Specimen 2 side A.

B-4A - designates pin component for a string’assembly, with one end belonging to Specimen
B, and the other end belonging to Specimen 4 side A.

bA — designates side A of Specimen 5:

CEP specifies a minimum.length for each specimen pin component (casing pup) to be used
ined-load full-scale tests;for two reasons:

sure that each pup.¢entains an interval free of end effects introduced by supports at both en
at pup (end effects might be generated either by an end fixture or an adjacent connection in

ovide forthe length-dependent strain localization effects that can be expected to take place
eld during thermo-mechanical cycling to be reasonably simulated in the test configuration.

end of each pin component shall be identified by its specimen number and a letter A or B, wif

box components shared by multiple specimens (e.g. for string assemblies) shallbé-identified lpy

™

(o]

i1

1

h.

length requirements are specified in terms of the minimum unsupported pup lengt

The unsupported pup length L, is defined as the pup length that remains outside of the end fixture
and/or coupling(s) after the pup is made up at both ends. The definition of the unsupported pup length
is illustrated in Figure 13. The same concept applies to both TC connections and integral connections.
(See 4.3 for definitions of connection specimens for those two connection types).
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End TC connection
fixture ¢ specimen
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: Integrél connection :
44—  specimen —
| - : R vy (
..... \/
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Figure 13 — Definition of unsupported pup length

The following requirements shall apply to each casing pupthat belongs to each connection spgcimen:
— unsupported pup length L, shall not be less than theymaximum of the following:
— 2 X[D+6\/E] (twice as long as the minimiim length per ISO 13679)

— 600 mm (24 in)

— additional length for gripping and/or‘end fixtures shall be provided.

The following requirement shall apply-to the make-up support pin:

— unsupported length should be no less than 300 mm (12 in).

18.4.4 Geometrical configurations

T4ble 19 describes cofrelations between the connection specimen numbers and the required ge¢metrical
configurations for(six candidate connection specimens that are subjected to full-scale testing. feometry
canfiguration codes WGS, WGT, WST, and WSC denote worst-case combinations of design fariables
sglected for the biased test population, as described in 12.3.4 and 12.3.6. If configuration WST is the
sgme as configuration WSC then specifications for Specimen 3 and Specimen 4 are the sarme as for
Specimen 5 and Specimen 6.

The&make-up support pin shall have fast thread taper.

Machining tolerances for interferences and tapers corresponding to various geometry configurations
are provided in 13.4.6.
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Table 19 — Geometrical configurations for test specimens and replacement specimens

Test specimen Replacement specimens Geometry code Worst-case condition
target

1 1.1, 1.2... WGS Galling in seal
2 2.1,2.2... WGT Galling in threads
3 3.1,3.2... WST Sealability in tension at
4 4.1,4.2.. WST low temperature
> 5.1,5.2.. WsC Sealability in compress=
6 6.1,6.2... WSC sion at high temperature

13.4.5 Mother pipe for specimens
The folloving principles shall be observed for specimen source pipe:

— All pjpe segments for Specimen 3, Specimen 4, Specimen 5, and Specimen 6/shall be from the same
heatfand lot of steel, as shall all spares for these segments;

— Whepever possible, pipe segments for Specimens 3, 4, 5, and 6 should.be'made from a single mothpr
joint

— If Specimens 3, 4, 5 and 6 are indeed manufactured from a_single mother joint as recommend¢d
above, then the material properties of that mother joint.shall conform to specifications for the
bias¢d test population as determined in 12.3.6;

— If Specimens 3, 4, 5 and 6 are not all manufactured:frem a single mother joint, then the material
propierties of every mother joint used for those specimens shall conform to specifications for the
biasg¢d test population as determined in 12.3.6,‘and the mother joints should be selected to haye
their) material properties as similar as possible;

— Replpcement pipe segments for Specimens:3, 4, 5 and 6 should be made from another single mothpr
jointf and that mother joint should be-selected to have material properties as similar as possible fo
the jpint(s) from which the original.spécimens were made.

Uniformity of applied stresses is deSirable for all pipe segments subjected to thermal cycle testing. Whé¢n
the segnients are connected in §eries, their products of yield strengths and average wall thicknessgs
should be¢ equal, to the extent practical. Pipe wall thicknesses of Specimens 3, 4, 5 and 6, and of spate
pipe segihents that might replace those originally intended for thermal cycle testing, shall be measur¢d
and tracdably recorded, Thickness measurements shall be made at 90° circumferential intervals, at axifal
locationd adjacent to.each relevant pin thread and, for integral connections, adjacent to the externfal
upset. Adcuracy of the measurement method shall be £0.025 mm (x0.001 in) or better. The produdts
of yield $trength®and average thickness shall be considered, in addition to connection dimensions,
whenevef pipe-segments assembled for a thermal cycle test are not manufactured from a single mothpr
joint.

13.4.6 Specimen machining tolerances

Candidate connection specimens (3.8) shall be manufactured to achieve interference-taper combinations
as defined in 6.4.3, specified in 12.3.4, and referenced in Table 19. Upon completion of Task 2.2 Specimen
Configuration Analysis, the targets for the diametric interferences in the seal and thread areas are
specified as either minimum or maximum, and the targets for the pin and box thread tapers are specified
as either slow or fast. This Clause provides machining specifications and tolerance ranges for the actual
interferences and tapers of the test specimens, within which the test specimens shall be considered
conformant with the above requirements for the minimum/maximum interference and fast/slow taper.

Dimensions not specified by TWCCEP requirements shall be within tolerances on manufacturing
drawings.
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Candidate connection specimens shall be machined so that all the following conditions are satisfied for
each pin-box assembly:

a)

b)

for each interference location (thread or seal), at least one of the diameters of individual members
(pin or box) shall be within the sub-range of its design tolerances as specified by Table 20. The other
diameter may be outside of its design tolerance as long as the interference at that location conforms

to the condition 2) below;

for each interference location (thread or seal), the interference based on the as-machined d
in the assembled condition consistent with nominal make-up position, shall be within t

‘)
d]

A
of

nowhere have internal diameters smaller than the specified tip-bore diamégers.

Specified I Tabie 21;
each thread taper shall be within the range specified in Table 22;

each seal taper shall be within its production tolerance range.

all pin tips that might be used in a thermal cycle test shall be extended sg-the casing segn]

Table 20 — Allowable diameter range within design tolerance

iameters
he range

Hditionally, if bored pin tips will have diameters smaller than the pipe’s internal-diameter, the boring

ents will

Target interference Allowable component diameter range
Pin (*) Box (*)
Maximum Upper half of pin tolerance band | Lower half of box tolerance band
Minimum Upper half of pin telerance band | Lower half of box tolerajce band

N
i1

- the same principle applies to seal and thread interferénces

pte (*) - at least one component, i.e. either pin or box, shall be within the allowable diameter range for e
terference case

hch target

T4
St

C(
T
In
Iy

Iy

B

ImaX mll‘lus Imln

y agreement between the assigner and the supplier, other tolerances may be considered when

ible 21 defines and Figure 14 illustrates the interference ranges allowed for candidate cdnnection

ecimens in terms of minimum interference and maximum interference that result from the dandidate

nnection production specifications for component diameters (nominal dimensions and tolerances).

he following symbols are used in Table 21 and in Figure 14:

ax maximum desigy interference in reference thread location or reference seal locatioh, result-
ing from pin and)box diameter specifications;

in minimum‘design interference in reference thread location or reference seal location, result-
ing frotrpin and box diameter specifications;

nge range of design interference in reference thread location or reference seal location, equal to

defining

to

lerance and Interierence ranges (Ior example, tolerances on thread neignt or torque snould

Any such additional considerations shall be documented in the evaluation report.
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Table 21 — Interference ranges for test specimens

Target interference Allowable specimen interference range
From To
Maximum [0.04mm(0.0016in), 0.01mm(0.0004in), |
Imax-max 20%x1 Imax+max 5%xI
L range range
Minimum [0.01mm(0.0004in ),] 0.04mm(0.0016in), |
L L "
lmin TTIUA 5%XI J lminTllluAL ZO%XI
L range range
NOTE The same principle applies to seal and thread interferences

Table 22 dlefinesthe thread taperrangesallowed for cafididate connection specimensinterms of minimu

and maxjmum thread tapers that result from the.candidate connection production specifications.

Fi

Minimum interference range

|

Maximum interference range

—

Table 22 — Thread'taper ranges for test specimens

>
- (,) 20 80 1(?0 & Interference
! ! range (%)
| |
| | >
D [ min Design interference values | max Interference
(mm) or (in)

pure 14 — Illustration of allowable interference’ranges for specimen components

m

Taper{designation

Allowable thread taper ranges for components

minus
0.025 mm/25.4 mm
(0.001 in/1 in)

From To
Slow No lower limit Slow taper limit during production|
plus
0.025 mm/25.4 mm
(0.001 in/1 in)
Fast Fast taper limit during production

No upper limit

NOTE

Tlaper tolerances shall apply to every incremental measurement of taper along a thread.

Figure 15 illustrates the adopted taper naming convention and the allowable taper ranges described in
Table 22.
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Fast taper

Nominal taper

Campbanaint
<OMPorent

centreline
a) Taper naming convention
Allowable slow taper range for test component Allowable fast taper range for testcomponeit
- | I =

1/1000 1/1000

Allowable taper range during production
b) Allowable taper ranges

Figure 15 — Illustration of allowable thread taper ranges for specimen componerjts

8.5 Markings

arkings shall identify each pin and bok-component of each pipe and coupling according to the $§pecimen

1
All couplings, pipe segments and material samples shall be clearly marked with metal stamps.
M
naming convention described in 13:4:2"

Couplings shall be marked at.each end. Redundant markings are encouraged. Preferred $tamping
locations are the unthreaded-faces of the pipe segments, the faces of the couplings and th¢ faces of
mjaterial samples.

1B.6 Specimen geometry verification

13.6.1 Gauging-inspection scope

Geometry of all test specimens shall be verified by gauging. Gauging shall be completed by thg supplier
agcording to the supplier’s procedure. Gauging results shall be confirmed by the inspector. Al] gauging
sheetstand setting standards used to control the specimens’ dimensions and measurementg shall be

trm—mqkln taotha dravringe nftha candidatrn comnnction hatng agalinatnd
€eapretotHe- WIS ettt tahataate-conheeaoh e g evarbatear

The scope of the inspector’s specimen geometry verification shall be agreed by the assigner and the
supplier.

As provided by Clauses in 7.2, the TWCCEP does not require that any confidential connection design
information (e.g. connection drawings) be revealed by the supplierin the course of the gauginginspection.

Theinspector should obtain currentcalibrationrecords forany gauging equipment (e.g. setting standards
or bias zero settings) used by the supplier, and include those calibration records in the inspection report.
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13.6.2 Inspection extent - example cases

In general, connection gauging and quality inspection procedures vary depending on the connection
manufacturer, connection design, availability of gauges, and quality-management program in place. The
following paragraphs in this Clause illustrate example cases of possible inspection scope, depending
on the extent to which the inspector has access to the supplier’s design information. The extent of that
access shall be agreed between the assigner and the supplier.

a) Casel-no design information on the candidate connection is provided to the inspector.

The inspee s borerr-rom o Tee-f-speet e L .g

b) Case|2 - design information on the candidate connection is provided to the inspector.

gaugling sheets and production procedures, to confirm that the specimen gauging sheets satisfy

The assigner shall specify the extent of the inspector’s verification of specimen dimensions (e.g. the
assigner might limit verification gauging to specimen dimensions restricted by 13.3.4).

Some additional specimen geometry-verification guidelines;include:

— Gauging equipment should have a resolution of atleast 10 % of the tolerance bands of specimg¢n
diameters and tapers, or better.

— If popsible, gauging frames that hold dial indicators should be stiffer than the frames used at the
production line.

— Ifsetting standards are not available, and gauge blocks are used to zero dial indicators, compensating
corr¢ctions that depend on surface tapers and diameters of the contact tips must be calculated.

— Temperatures of gauging frames, dial indicators, setting standards and specimens being gauged
shoulld be consistent both-at the time of dial indicator zeroing and at the time of specimen gaugirlg.
Only|1°C difference in temperature between a gauging frame and a carbon steel specimen will caufe
0.0025 mm (0.0001 in)ymeasurement error in 230 mm (9 in) diameter, an error equal to 10 % of a
representative tolérance band for a specimen’s diameter. This might require allowing time forfa
specjmen’s tempefature to stabilize following machining.

A dimengional inspection report must allow a reader to understand how accurately TWCCEP-specifi¢d
dimensid
dimensid

production values. Conformance of pin or box dlameters to Table 20 can be reported 51mply as yes or
no. Diametric interferences can be reported as percentage values, with reference to production ranges
as 0 % to 100 %, if the supplier chose that alternative for determining specimen interferences from
production interferences. Otherwise diametric interferences can be reported as the amount that they
differ from minimum or maximum production values, similarly to the reporting of thread tapers.

Dimensional interferences cannot be directly measured. They must be calculated from specimens’
diameter measurements. Recordingthose diameter measurements (inaparallel mannerto interferences)
will enhance traceability of the calculated interferences and facilitate the choosing of a spare specimen
to substitute for an inadvertently damaged specimen. Nevertheless, a matrix showing diametric
interferences of all possible pin and box combinations could be prepared, allowing a supplier to request
that individual diameters not be included in either interim or permanent inspection records.
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13.7 Procurement and quality control of connection interfacial components

The TWCCEP treats connection interfacial components as inherent elements of a connection’s design,
and specific elements of the candidate connection specimens submitted for an evaluation program. This
is because interfacial components affect not only the connection assembly and galling resistance but
also sealability. The impact of the interfacial components on sealability can be particularly significant
during and after exposure to high temperatures.

In general, interfacial components can be divided into two classes:

Clrss = trrterfaciat COIMPOTIEITtS thatare dpplicd totire casing pipes ardt Luupliuga (piu and box
components) as part of the pin and box manufacturing process e.g. phosphate coptings;

Class 2: interfacial components that are applied upon connection assembly e.g. thread com-
pounds.

Allinterfacial components utilized in the candidate connection specimens shalhconform to the §upplier’s
désign specifications.

The supplier shall perform quality control of the Class 1 interfacial component(s), which have been applied
td the pin and box components of the candidate connection specimens during their manufacturing, and
provide a corresponding written confirmation to the assigner and the evaluator. That quality-control
confirmation shall be included in the evaluation report.

The assigner and the supplier shall agree on the procurement of the Class 2 interfacial componejnt(s) that
wiill be applied during the candidate connection specimens. By default, those interfacial corhponents
wiill be provided by the Supplier or by a party designated by the supplier. The supplier shall enfsure that
tHe procured interfacial components are supplied.with relevant product certificates that w]ll enable
unique identification of the supplied product. These certificates shall be supplied to the assigndr and the
eyaluator, and shall be included in the evaluation report.

The assigner, the supplier and the evaluater shall agree on the extent of the quality control thaft shall be
pérformed on the supplied interfacial-components.

1B.8 Specimen handling and storage

18.8.1 Handling recommendations

All specimens shallb¢“handled with due care and attention to avoid any accidental damage to or
uhdesirable effecten the specimens. If they are needed, the supplier should provide instrugdtions for
special handling.or storage of specimens.

Care of testspecimens must begin at the machine shop, even before machining begins. Specimens must
not be drepped, whether or not they have been machined, or residual stresses might cause unprgdictable
be¢haviatr. The cost of rejections after specimens and spares leave the machine shop is potentfally very
lalrge, So precautions should be commensurate.

Prudent practice will involve selection of pipe segments for thermal cycle testing according to products
of yield strengths and average wall thicknesses, as discussed in 13.4.5.

Impact damage to machined surfaces is to be avoided. Usually impact damage to threads can be repaired,
if it is noticed before it causes galling during testing activities, but most suppliers prohibit seal surface
repairs. The potential for handling damage in the machine shop can only be minimized with good work
practices. The potential for handling damage after specimens leave the machine shop can be reduced by
packaging on pallets or in bundles, with special attention to protection of pipe segment ends.

More subtle sources of damage should be avoided, too. Care must be exercised to avoid contact of grinder
wheels with seal surfaces when manually removing sharp edges of vanishing threads nearest those
seals. Grit should be removed from machined surfaces and from thread protectors before those thread
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protectors are installed. Corrosion protection products (e.g. Kendex or equivalent) should be applied to
machined surfaces quite soon after machining is finished, especially in hot and humid climates.

Experience in specimen handling and storage is valuable. Any doubt about the adequacy of precautions
should be resolved conservatively.

13.8.2 Treatment of damaged specimens

The procedure to be followed if a test specimen is inadvertently damaged, after leaving the machine
shop, will depend on timing and circumstances. If damage is detected before testing of a pin or box
compongnt begins, selection of a replacement from the spares should be relatively straight-forwaid,
based onfsatisfaction of diametric interferences per 13.4.6 and on matching of pipe segment strengths
per 13.4.p, if applicable. The correct response is less clear if inadvertent damage occurs after béginning
a historyj-dependent sequence, such as sequential make-ups and break-outs of Specimens‘t; 2, 3 and
5. The replacement strategy might become additionally complicated when a damaged-part affedts
multiple [specimens; for example, when the damage occurs to a pin-by-pin pup intended.to become 4n
intermediate pup in a specimen string for the thermal cycle test. If the number of spares does not all
restartinlg the history-dependent sequence with a fresh pin and a fresh box, a deciSien about acceptable
resolutign must be reached.

When te§t specimens get damaged, the assigner and the supplier shall jointly/choose from the availahlle
action alternatives and decide on procedure to continue testing.

Combinef scope of testing performed on the original and/or replacedtest specimens before the damage
and after{the damage shall notbeless than required by TWCCEP specifications for undamaged specimers.

All occufrences of specimen damage and corresponding actions taken shall be documented in t
evaluatidn report.

14 Full-scale physical tests and supplementary analyses

14.1 Overall task description

This Clayise describes the fourth block of’the TWCCEP evaluation procedure, which consists of full-
scale tests and supplementary analyses (see Figure 6). The tasks in this block are conducted to assefs
performgnce of the candidate confiection (3.7) under loading conditions consistent with the select¢d
ASL, witl respect to galling resistance, structural strength, and sealability.

This blogk contains five tasks: Task 4.1 Galling Resistance Test, Task 4.2 Thermal Cycle Te:s
Task 4.3 Bending Evaluation, Task 4.4 Limit-Strain Test, and Task 4.5 As-tested Configuration Analys
Task 4.3 [contains twe,subtasks: Task 4.3.1 Bending Analysis and Task 4.3.2 Bend Test. Task 4.4 also
consists pf two subtasks: Task 4.4.1 Localized Strain Seepage and Task 4.4.2 Tension Limit.

[ e
AN

The full-4cale testing tasks in this block are: Task 4.1 Galling Resistance Test, Task 4.2 Thermal Cycle Te;
Task 4.3.p Bend Test, and Task 4.4 Limit-Strain Test. The supplementary analyses tasks are: Task 4.3.1
Bending Analysis and Task 4.5 As-Tested Configuration Analysis.

(md
-

Mandatory tasks in this block are: Task 4.1 Galling Resistance Test, Task 4.2 Thermal Cycle Test, and
Task 4.4.2 Tension Limit.

Optional tasks in this block are: Task 4.3 Bending Evaluation, Task 4.4.1 Localized Strain Seepage, and
Task 4.5 As-Tested Configuration Analysis.

Six full-scale connection specimens are required for the full-scale test program. The specimens shall be
manufactured as per the requirements described in Clause 13.

Results of the mandatory full-scale tests are the only results of the evaluation program that require
comparison with threshold performance requirements, and that count towards meeting the TWCCEP
pass-fail criteria.
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Results of the supplementary analyses are not compared to the threshold performance requirements,
but may be considered in the assessment of the candidate connection performance under application-
specific conditions that are not simulated in the mandatory tests. These results may also be used to
guide decisions relative to additional testing that might be desired for some applications.

Test data and results from other connection assessment programs may be utilized in lieu of some or all
subtasks of Task 4.1, 4.2, 4.3, 4.4 and 4.5, if applicability of that prior evaluation data to the candidate
connection and its conformance to TWCCEP requirements is demonstrated according to the provisions
in 8.5.

1.2 Full-scale tests - General requirements

1.2.1 Ambient temperature at test site

1

TWCCEP full-scale tests might be conducted in various laboratories around/the world in whiclp average
axqbient temperatures might be different. Local temperatures might alsg vary with seasons of the year
and even on a daily basis.

he TWCCEP provides means to correct for impacts of different ambient conditions on some test
Tocedures, e.g. the ranges of cyclic temperature variationsin the thermal cycle test (see 14.4.4 and
}.4.5). In addition to those procedural adjustments, the FWCCEP restricts the range allowdd for the
inbient temperature variations in order to limit their.impacts on various aspects of the cqnnection
eyaluation - for example, temperature-dependence.of instrumentation, assembly procedures, or
cannection interfacial component properties.

D =T =

Ambient temperature Tymp in the facility wherela TWCCEP full-scale test is executed shall be|between
59C and 40°C during the execution of that testt

SOC < Tamb < 400(:

14.2.2 Calibration of instrumentation

Calibration of all gauges andinstrumentation shall be current. The accuracy and calibration frequency
of instrumentation to be used during testing shall satisfy the requirements of ISO 13679.

The test laboratory, 6tandards for calibration and all the calibrations shall be documented. Copies of
cqlibration reports-for the devices measuring forces, pressures, torques, and displacementd shall be
included in the-evaluation report.

Relative calibration of measuring devices, i.e. with a candidate measuring device being cplibrated
against aeference measuring device is permitted only when the reference device has been cplibrated
tq traceable standards. Any such relative calibration shall be documented.

C HICCOPY SO AL EPSY SVTER CEU-E ¥ S0 S-P-C UE PO T SN SEEZY 5 ARSI C 2L f S D202 [l FCTI2 P2 EP S P-CTN BN ) SETP Y S D Wy S T2 P Th t t f
TTOT Ao OT ISt arnerrcacttotiiray otTourt ot v et oy attrcrotar Canoracotatorv oS 1t extent o

such activities shall be determined by agreement between the assigner, the evaluator and the inspector.

14.2.3 Disabling of secondary seals

Connection sealability assessments shall be based only on primary sealing surfaces. Any other
potential sealing surfaces that might impede gas flow to seepage detection ports shall have sealability
demonstrably disabled.

In connections whose primary seals are flank seals and have torque shoulders in the flow path from
the connections’ interiors to seepage detection ports, disabling of torque shoulder sealability shall be
ensured.
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Disabling of secondary seals can be achieved by machining two grooves across the sealing face(s) of
a connection component (as provided by ISO 13679) or by any other method that will ensure that the
pressure of the test medium acting on the primary connection seal is the same as the specimen internal
pressure.

Disabling of secondary seals shall be performed prior to the final assembly of the affected specimens. In
specimens subjected to multiple make-breaks before a sealability test, disabling of the axial seals may
be performed either before or after the make-ups associated with the galling resistance test.

14.2.4 Seepage measurement and rate definitions

14.2.4.1|Seepage collection - configuration

In any sdalability test, seepage past a primary connection seal shall be routed to a monitoring devige
via portg drilled radially through the coupling wall at the low pressure side of the seal. Representatiye
locationd for such ports are illustrated in Figure 16. Two ports shall be circumferentially located 18°
apart at each axial location. Ports should be approximately 2.4 mm (3/32 in) in diameter and could lpe
enlarged|at their outer ends for attachment of seepage monitoring tubing if requiked, but enlargemept
should bg minimized. The ports shall be drilled after final make-up of each connection whose seepage will
be monitpred, or closed during all make-ups to prevent loss of thread compound from the connectionk.

el

Figure 16 — Seepage detection ports

After the ports have been drilled, communication between each connection’s two drilled ports should
be cleardd by injection of air or inert gas into one of those ports. Pressure of injected air or gas should
not exce¢d the lowest value of 1,000 kPag (140.p5ig) and 25 % of the connection’s rating for internfal
pressure

Seepage [from both ports at each axial location shall be jointly routed to a monitoring device thpt
measuref seepage volume or seepagé.rdate. Tubing shall be small to minimize internal volume; metal
tubing with 3.2 mm (1/8 in) outsidediameter and working pressure greater than 25 % of the connection’s
pressure{rating is recommended. The monitoring device shall be capable of measuring gas volumes as
small as|1 mL or seepage rates)as small as 0.06 mL/min. If the seepage rate exceeds the monitoring
device cdpacity, seepage rat€xshall be recorded as the arithmetic average of manual samplings. Thoge
samplings shall be taken.no more than one hour apart, and no less frequently than at the beginning and
end of anly time intervalin which testing conditions are held constant while internal pressure is appli¢d
to the copnection specimen being tested.

A simplel example of an acceptable method of seepage measurement is displacement of water infa
graduateld eylinder during a measured time interval. That example configuration is illustrated n
Figure 17. 9 main principle of operation is that an inverted graduated cylinder is inserted in a reservdir
with water. Near-vacuum is drawn inside the cylinder, which draws a certain water column inside the
cylinder. In a test, gas seeped from a connection is conducted via a detection tube. The detection tube
end is inserted into the immersed portion of the graduated cylinder. As more and more of the seeped gas
bubbles through into the near-vacuum space, gas pressure builds up in that space and pushes the water
level down. The amount of water displacement is calibrated to the volume of the seeped gas.

If that method is used, then all volume measurements shall be with respect to ambient laboratory
temperature and atmospheric pressure. It is assumed that at the beginning of each detection period
the detection tube is entirely filled with gas, so that a bubble is “just-forming” at its end inserted in the
graduated cylinder. In that state, the back pressure in the tube depends on the depth of the tube’s open
end beneath the water’s free surface in the reservoir. To minimize back-pressure in the gas collection
system, differences in elevation between the detection tube end and the water level in the reservoir
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at the time of volume measurement shall not exceed 250 mm, which corresponds to +2.4 % maximum
measurement error relative to typical atmospheric pressure.

. -_ Graduated
Detection e /cylinder
A}Jbe .
— E N
Reservoir. o
> F% ]
fo |
Fo 1 250 mm
Free water—" FL maxim{iry
surface H }j 1
s %

Figure 17 — Basic seepage volume measurement

It|is assumed that the gas trapped in the inverted cylinder #vill’have its temperature, and hence its
v@lume, influenced by the temperature of the water bath. To minimize temperature-related gffects on
tHe gas in the collection system, the water temperature shall not differ from the ambient lgboratory
tgmperature by more than 5°C, which corresponds to.x1.7 % maximum measurement error rglative to
an ambient temperature of 293°K (assuming ideal gas behaviour).

Other methods of measuring seepage volumes or rates shall have errors no larger than *4 %.

14.2.4.2 Seepage monitoring lines - maintenance

S¢epage monitoring tubing (lines), shall be checked for blockage before and after each [seepage-
mponitoring interval, unless:

— seepage is evident, or

— two or more consecutiyé monitoring intervals occur at the same target temperature anfl are not
separated in time byymore than 8 h, in which case the lines shall be checked before the firstand after
the last of those intervals.

Checking shall be done by monitoring transmission of air or gas from the outlet end of one tube to the
ouitlet end of theother tube for each connection. Pressure of the injected air or gas shall not gxceed 20
kPag (3 psig)'during these checks. All checking events shall be documented. Any blocked tubing shall be
cleared arreplaced and the time of blockage detection recorded.

14.2.4.3 Gas seepage rates during holds and average per-connection rates

Gas seepage volume during any hold interval shall be the volume of gas, at standard temperature and
pressure, released during the duration of the hold interval.

Per-hold seepage rate for a given hold interval shall be equal to the ratio of the gas seepage volume (as
defined above) in that hold interval divided by the duration of that hold interval.

Per-connection average seepage rate for a given loading condition is defined as the sum of that
connection’s per-hold seepage rates in all hold intervals divided by the number of hold intervals at that
loading condition.

EXAMPLE Average rate under tension in the thermal cycle test:
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Per-connection average seepage rate at high cycle temperature is defined as the sum of that connection’s per-
hold seepage rates in all intervals at high cycle temperature (i.e. in all cycles) divided by the number of cycles
performed in the thermal cycle test.

14.2.5 Excluded connections

The TWCCEP allows for exclusion of performance of some connections that have been tested in any
TWCCEP full-scale test from comparison with the threshold performance requirements (3.45). Any such
connections are referred to as excluded connections (3.19). Observed and/or measured performance
of excluded connections shall be reported in the evaluation report, but such performance shall not be
considergd in determining whether or not the threshold performance requirements have been met:

Any party assigned toa programrole inan evaluation program (assigner, supplier, evaluator or inspectqr)
can presé¢nt rationale for granting the excluded connection status to one or more connections-that haye
been tesfed in any full-scale TWCCEP test.

A conneqtion shall be granted the status of an excluded connection if, and only if, all’the followipg
conditions are satisfied:

a) Acirfumstance occurs during test execution that substantially affects thatconnection performange
in a yvay that is inconsistent with TWCCEP test specifications;

b) The pvaluator or the inspector provides a written description of the above circumstance and §ll
pertaining evidence (e.g. photos) to the assigner, and the assigner provides that material to the
suppllier;

c) The |assigner and the supplier review the provided evidence and agree on granting exclud¢d
connection status to the affected connection;

d) At ldast two independent parties performing the protocol roles are involved in reaching tte
agrepment on excluded connection status referréd to in c) above. For example, if the assigner is the
samg party as the supplier, the evaluator or the‘inspector needs to review the evidence and concpir
with|the assigner; and if a single party combines the roles of assigner, supplier and evaluator, the
inspector needs to act as the second independent party;

e) The pvidence relative to the circumstance described in a) and b), and the agreement reached in|c)
and ¢) are included in the evaluation report.

Examples of conditions that might justify connection exclusion include, but are not limited to:

— localtzed loading incousistent with the intended test procedure. For example, local buckling
occufred during thenmal cycling due to inadequate lateral support of the specimen or string in thpt
area

— inadg¢quate execgution of the test procedure. For example, seepage detection lines were found fo
have|been plugged or disconnected for a portion of the test;

— conrfeetion post-mortem examination indicated damage that occurred during specimen assemb|ly

and /or festing thatis considered to not have resulted from the intended test loads

If the number of excluded connections in any full-scale test (galling resistance test or thermal cycle test
or bend test or limit-strain test) does not exceed one connection (single leak path), then no repeat testing
isrequired; otherwise, replacement specimens for the specimens that contain excluded connections shall
be re-tested, and the number and testing sequence of those replacement specimens shall be consistent
with the number and testing sequence of the excluded Connections to the degree that is possible, and
any differences in history and/or testing sequence between the replacement specimens and excluded
connection specimens shall be documented.
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14.3 Galling resistance test

14.3.1 Task description

The galling resistance test is a full-scale test conducted on four specimens of the candidate connection
(3.7). This test constitutes Task 4.1 of the TWCCEP evaluation procedure (see Figure 6). This task does
not contain any subtasks.

Execution of Task 4.1 is mandatory.

Results of this test are key performance measures that are compared with TWCCEP, fhreshold
pérformance requirements (3.45).

The following Clauses describe the rationale, scope, set-up, data, and performance reguirémenits for the
galling resistance test:

— 14.3.2 Rationale and objectives

— 14.3.3 Make-break specimens

— 14.3.4 Scope of galling resistance test
— 14.3.5 Set-up and instrumentation

— 14.3.6 Test procedure

— 14.3.7 Performance assessment

— 14.3.8 Reporting.

14.3.2 Rationale and objectives

The TWCCEP recognizes two categoriescof galling damage to connection seal and thread [surfaces:
rgpairable galling (3.34) or severe galling (3.35), which refer to damage that, respectivelly, can or
cgnnot be repaired according to the supplier’s field-repair procedure for the candidate connegtion (see
deéfinitions in Clause 3).

Bgcause casing connections-mnight experience multiple make-ups and break-outs during casihg string
agsembly in field service, the-ebjective of the galling resistance testis to verify the candidate corjnection’s
ability to withstand multiple make-ups and break-outs without severe galling.

Optionally, monitering of connection deformation during make-ups and break-outs can| provide
adlditional insightinto the connection’s response to multiple make-ups.

14.3.3 Make-break specimens

Four «connection specimens (3.12) shall be submitted for the galling resistance test: Spgcimen 1,
Specimen 2, Specimen 3 and Specimen 5. Collectively, these specimens are referred to as maike-break

- L£2 200
specmrens(o-zojJ-

The galling resistance test may be conducted prior to or together with the assembly of specimens for
subsequent full-scale tests. If the specimen assembly for further testing is conducted at the same time
as the galling resistance test, then Specimen 4 and Specimen 6 shall also be provided together with the
make-break specimens.

Thread compound (dope) shall be obtained in accordance with the supplier’s specifications for the
candidate connection. A Material Safety Data Sheet (MSDS) shall be provided.
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14.3.4 Scope of galling resistance test

The scope of Task 4.1 Galling Resistance Test includes multiple make-up and break-out cycles performed
on make-break specimens and final assembly of connection specimens required for subsequent full-
scale testing. Table 23 illustrates the scope of the make-break activities and target torques for the make-
ups in the galling test and final specimen assembly.

Table 23 — Make-break sequence and final specimen make-up

Make-break activity Assembly for subsequent testing
Geomg¢tr . i
conflg. y Specimen Snl:slc(lelfllfn Target make-| Break- |Full-scale test after| String assembly
p up torque out final make-up recommended
number
1
2 Maximum Yes
WG 1 No
3
4 = final TF (WGS) No Limit strain test
1
2 Maximum Yes
WG[I 2 No
3
4 = final TF (WGT) No Bend test
1
Maximum Yes No
3 2
WS
3 =final | TF (WST-M) No Thermal cycle test Yes
4 1=final | TF (WST-S) No Thermal cycle test Yes
1
Maximum Yes No
5 2
WSL :
3 =final ,|FF (WSC-M) No Thermal cycle test Yes
6 1 = fimal* | TF (WSC-S) No Thermal cycle test Yes
The codeg for the final make-up.torques TF(XXX) in Table 23 are consistent with specifications provid¢d
in Table 16 and Table 17 in 12:3:% Upon completion of the analysis described in 12.3.7, the targets TF(XXX)
for the fihal make-up torques become either minimum torque or maximum torque, in accordance with
specifica'[ions and tolerances for the minimum and maximum target torques provided in 14.3.6.3.
Specimen 1 shall undérgo three make-ups to the maximum torque, followed by a final make-up to a finjal
torque TF(WGS),-which will be either the minimum or the maximum torque.
Specimen 2-shall undergo three make-ups to the maximum torque, followed by a final make-up to a finjal
torque TE(WGT), which will be either the minimum or the maximum torque

Specimen 3 shall undergo two make-ups to the maximum torque, followed by a final make-up to a final
torque TF(WST-M), which will be either the minimum torque or the maximum torque.

Specimen 4 shall be made up once to a final torque TF(WST-S), which will be either the minimum or the
maximum torque.

Specimen 5 shall undergo two make-ups to the maximum torque, followed by a final make-up to a final
torque TF(WSC-M), which will be either the minimum torque or the maximum torque.

Specimen 6 shall be made up once to a final torque TF(WSC-S), which will be either the minimum or the
maximum torque.
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Seal and thread surfaces of each specimen shall be examined upon each break-out. Any evidence of
repairable galling and/or severe galling shall be recorded.

14.3.5 Set-up and instrumentation

14.3.5.1 Make-up process

Experimental set-up for the galling resistance test shallbe adequate to carry outthe make-breakactivities
in accordance with the supplier’s make-up and break-out procedure for the candidate connection (3.7).

Make-up and break-out conditions should be representative of the field conditions to (the degree
possible in the laboratory facilities where the testing is performed. Vertical make-upcerieftation is
preferred to alleviate potential for pin-box misalignment, but horizontal make-up can be used provided
tHat the assigner, the supplier and the evaluator agree on such orientation and additional tesf-specific
rgquirements, if any are required (e.g. regarding the string make-up for the thermal cycle telst). Note,
tHis TWCCEP version does not address challenges relative to slant make-up.

For coupled connections, floating of the coupling shall not be performed, (iz€. each side shall[be made
up separately). Floating is not permitted to ensure that controlled makeg-up torque is appliefl to each
cennection separately and incremental make-ups of any test connections are avoided.

For each make-up and break-out of a coupling that contains an open end, the make-up supporft pin or a
specimen pin shall be used to support that open end.

When gripping couplings (or boxes), clamping forces should be controlled to prevent adverse distortion
of the internally threaded member.

14.3.5.2 Torque-turns measurement

Applied torque and specimen turns shall be simultaneously monitored and recorded during eajch make-
up and break-out on torque-versus-turn plots.

Resolution of the turn data recording system shall be at least 1/1000th of a turn.
TIrns may be measured with awheel in contact with the rotating specimen, such as a turn potenftiometer.
T

rque may be measured with:aload cell on a line attached to the moment arm of the tong. Adjfistments
mfight be required if the line-s not perpendicular to the moment arm.

14.3.5.3 Use of strdin gauges

It|is recommended that deformation of each make-break specimen be monitored during each{make-up
aId break-out.

Specimen-nstrumentation layout and strain measurement procedure should be according to IS0 13679.

NOTE ISO 13679:2002 did not address the use of strain gauges for the galling resistance test, bl1t the next
r

zision is nvpnr‘f‘nd toaddress that cnhjnr‘f

14.3.6 Test procedure

14.3.6.1 General requirements

Unless otherwise required by this standard, make-ups and break-outs of specimens shall be conducted
according to the procedure provided by the supplier. The procedure provided by the supplier for the
evaluation program shall be consistent with the procedure used for field assembly of the candidate
connection.

The galling resistance test shall be performed at ambient temperature.
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14.3.6.2 Thread compound (dope) application

When required, thread compound shall be applied according to specifications provided by the supplier
plus additional requirements outlined below. In the event that the dope application requirements listed
in this clause contradict the supplier’s specifications, the supplier’s specifications shall override the
requirements listed below and any such occurrence shall be documented.

Connection seals and threads shall be clean and dry prior to dope application.

The same thread compound type shall be used for all test specimens.

All dope application shall be performed with a fine-bristled brush or a paint brush. The brushes shall be
new or ir} a condition that does not show any damage or extensive use.

If the supplier’s specifications indicate that dope amounts in the field application are to be controlled by
weight, then:

— amoyint of dope to be applied for each make-up in the test shall be controlled by weight;

— for make-ups performed to maximum target torque, the dope amount shall be no more than the
minimum amount plus 10 % of the amount range specified by the supplief;

— for make-ups performed to minimum target torque, the dope amount shall be no less than the
maximum amount minus 10 % of the amount range specified by the'supplier;

If the supplier’s specifications indicate that dope amounts in the field-application are to be controlled by
visual st@ndards only, then:

— amopint of dope to be applied for each make-up in the test shall be controlled by visual standards

— for mpake-ups performed to maximum target torquejsthe dope amount shall be as close as practically
possjble to the minimum amount allowed by the Supplier;

— for make-ups performed to minimum targettorque, the dope amount shall be as close as practically
possjble to the maximum amount allowedby the supplier.

14.3.6.3 |Make-up torque specifications

The torgyie achieved at the first make-up of each make-break specimen, which is performed to maximujm
target tofque, shall not be less thah the maximum torque allowed by the supplier minus the greater jof
the folloying:

— 10 % of the maximuin‘forque allowed by the supplier;
— 20 9% of the differénce between the maximum torque and minimum torque allowed by the supplig¢r.

The torqpie achieved at each make-up performed to maximum target torque, other than the first mak-
up of eadh make-break specimen, shall not be less than the maximum torque allowed by the supplipr
minus the @reater of the following:

— 5% of the maximum torque allowed by the supplier;
— 10 % of the difference between the maximum torque and minimum torque allowed by the supplier.

The torque achieved at each make-up performed to minimum target torque shall not be greater than the
minimum torque allowed by the supplier plus the greater of the following:

— 5% of the maximum torque allowed by the supplier;
— 10 % of the difference between the maximum torque and minimum torque allowed by the supplier.

If the above torque specifications are not achieved in a make-up of a connection in a make-break
specimen, then the connection shall be broken out and made up again.

76 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=a143459ac674dc8a0ea5104ccedacf7a

ISO/PAS 12835:2013(E)

If the above torque specifications are not achieved in a make-up of a connection in Specimen 4 or
Specimen 6, then either that connection shall be broken outand made up again or areplacement specimen
shall be used, and the choice between those two options shall be made so that the total number of make-
ups experienced by the pin and box components of the affected Specimen 4 or the affected Specimen 6
or their replacement specimens is minimized.

14.3.6.4 Repairs

Observed repairable galling shall be repaired. The repairs shall be performed according to the field

repair pracedure and recommendations provided by the supplier.

1

T
re

A
ot

in
a)
b)
‘)
d]

1.3.7 Performance assessment

ne following threshold performance requirements for the galling resistance test’dre pro
ference purposes in accordance with adopted principles for TWCCEP assessment criteria a
interpretation specified in 6.3.6 and 6.3.10.

Each connection has achieved the required number of make-break cycles;
Make-up torques have been within limits specified for this'test;

No severe galling on seal or threads has been observed;

yided for
Ind result

candidate connection shall be considered to have met threshold perfofimance requiremerjts in the
1lling resistance test if all of the following conditions have been satisfied for all connections
the make-break specimens except any excluded connections:

included

Any observed repairable galling on seal or thréads has been repaired according to the gupplier’s

repair procedure.

1.3.8 Reporting

5 a minimum, reporting of Task 4.1 Galling Resistance Test shall contain the following items:

Identification of connection specimens submitted for this test;

Description of any excluded connections, as required in 14.2.5;

Material safety data shéet for applied thread compound;

Photographs of\make-up equipment and at least one connection being made up;
Photographs of at least one connection before and after doping (but before make-up);
Consecutive number, date and time for each make-up and break-out;

Takgeted and achieved torques in each make-up;

Break-out torques for each break-out;

Torque-turn curves for all make-ups and break-outs;
Observations of connection seal and thread surfaces upon each break-out;

Photographs of at least one undamaged connection cleaned after break-out;

Photographs of the connections that were representative of the worst post-break-out conditions

(with or without galling) of pin and box seal and thread surfaces;

Description and photographs of all occurrences of galling and performed repairs.
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14.4 Thermal cycle test

14.4.1 Task description

The thermal cycle test is a full-scale test conducted on four specimens of the candidate connection (3.7).
This test constitutes Task 4.2 of the TWCCEP evaluation procedure (see Figure 6). This task does not
contain any subtasks.

Execution of Task 4.2 is mandatory.

Results pf this test are key performance measures that are compared with TWCCEP threshold
performgnce requirements (3.45).

The folloving Clauses describe the rationale, scope, set-up, data, and performance requirementsfor the
thermal ¢ycle test:

— 14.42 Rational and objectives

— 14.43 Thermal cycle specimens

— 14.44 Scope of thermal cycle test

— 14.4)5 Mechanical strain compensations

— 14.4)6 Set-up and instrumentation

— 14.4) Test procedure

— 14.4)8 Performance assessment

— 14.4P Selection of cycled specimens for bend test and limit-strain test

— 14.4.]10 Reporting

14.4.2 Rationale and objectives

The thermal cycle test is considered to bethe most severe test in the TWCCEP test matrix. This test[is
conductdd to evaluate a candidate connection’s structural integrity and sealability under cyclic thermp-
mechani¢al loading representinga'thermal-well application, as described in 9.1. Conceptually, the test]is
configured to simulate a section'ef casing that is constrained at the ends and subjected to temperatufe
excursions with associated internal pressure loading. The end supports control and limit the casing’s
axial explansion and contraction during the test.

Inside tHe supported section, constrained heating induces axial compression due to conversion jof
thermal-pxpansion Strain into compressive mechanical strain. Constrained cooling induces tension dyie
to convefsion of\the thermal-contraction strain into tensile mechanical strain. The axial force acting
along the
section.
section. 3
monitoring length that spans all included specimens.

A straight casing configuration is used for this test. This selection is based on results from studies
conducted during TWCCEP development, which indicate that the impacts of the thermally-induced axial
loads on seal contact stress are in general substantially larger than the impacts of the non-axisymmetric
loads considered within typical thermal-well operational scenarios that do not include significant geo-
mechanical loads.
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14.4.3 Thermal cycle specimens

Four connection specimens (3.12) shall be subjected to the thermal cycle test:
— Specimen 3, which is a make-break specimen made up three times;

— Specimen 4, made up only once;

— Specimen 5, which is a make-break specimen made up three times;

— Specimen 6, made up only once.

Collectively, these specimens are referred to as thermal cycle specimens (3.43).

Thermal cycle specimens may be tested individually or in string assemblies containing twp or four
specimens, as described in 14.4.6. The specimens assembled for a thermal cycle test are collectively
rgferred to as a specimen string (3.37). Unless noted otherwise, provisions for aspécimen string apply
td all specimen configurations allowed for this test (i.e. an individual specimen, a two-specim¢n string,
off a four-specimen string).

A]l thermal cycle specimens shall have their secondary seals disabled\per 14.2.3 and their seepage
dé¢tection ports drilled as per 14.2.4. Any spares substituted forcthiose specimens shall hpve their
sgcondary seals similarly disabled and seepage detection ports similarly drilled.

14.4.4 Scope of thermal cycle test

Each specimen string shall be subjected to 10 thermal-gycles in which global strain is contrplled and
mpaintained at close-to-zero values over a portion of\the specimen string including all conections
i that string, and in which the string temperatut®€ is controlled and varied between a ldw target
tgmperature prescribed as low cycle temperature*(3.27) and a high target temperature presgribed as
gh cycle temperature (3.21). In each cycle, the specimen string is held in compression at the ligh cycle
tgmperature for a prolonged time (high-temperature hold) and subsequently in tension at the Jow cycle

The evaluator shall select a single temperature between 5°C and 40°C for the low cycle temperature,
ich shall remain fixed for the entire thermal cycle test. In order to facilitate test control, thq selected
cycle temperature should be as close as reasonably possible to the average ambient tempdrature in

und temperature 6fthe ASL selected for the evaluation program.

Ahy pre-test exposure of the test specimens to elevated temperatures should be carefully copsidered,
td minimize_chiances for any significant changes of the specimen material properties that would be
inconsistent,with the operational loading scenario.

The loading sequence for the thermal cycle test is illustrated in Figure 18 and later specified irf Table 24

in 14.4.7.2. The top chart in Figure 18 shows the relationship between the average string strain (3.4)

al d+hao avaraaa cfring fnmparqfnra Thobhaottom chartin Bignuro 19 chawe thao ral qfinnchip hatl veen the
o trrTTov T C-OCr 111 TCTIT T T T T OO TtUTIT T T T T T T Ui o L O OTTO VY O~ LT T ST tTOTTIOTT TeTVY

thermally-induced mechanical strain and the average string temperature. The temperature axes of the
top chart and the bottom chart are aligned.

The basic path corresponding to a thermal cycle between the low cycle temperature T} and the high
cycle temperature The at a constant zero strain is path QRQ.

In order to compensate for approximations that result from laboratory simulations of the intended field
loading, two mechanical strain compensations are applied in addition to the above basicload path: lower-
bound temperature strain increment (LTTS) and temperature range strain increment (SRI). Inclusion
of those two mechanical-strain compensations modifies the cyclic load sequence to path PQRSWQP
(Figure 18). Point S represents a high-temperature hold. Point P represents a low-temperature hold. Path
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QWX represents unloading to zero load upon completion of the last cycle. The LTTS ad SRI compensations
are derived in 14.4.5.

Average string strain

Before After
initial initial
offset offset
A A
0'}----- LTTS |------- 9P
A TTS feen 0 T — R >
Q l Tempetature
(°€)
-SRI }------= S
w «—
X
0 T=Ib T/cP Toe=Tup >
LTTS Q Temperature
(°C)
Wl
X
Compressive
mechanical
strain
(Tup'le)*CTEa R
(Tup'TIb)*CTEa S
+-SRI v

Figure 1o — Thermal cycle test sequence

14.4.5 Mechanical strain compensations

14.4.5.1 General formulas

The following mechanical strains are applied to account for differences between the casing string
configuration in a well and the specimen string in a thermal cycle test:

— Difference between the low cycle temperature Tj. used in the test and the lower-bound temperature
Tjp assumed for the field conditions and defined by the selected ASL is compensated by applying an
additional mechanical strain referred to as lower-bound temperature strain increment LTTS;
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— Potential non-uniformities in the heat distribution along the specimen string, strain localization
effects, and inaccuracies of temperature compensation of the elongation-measuring devices, are
collectively addressed by applying an additional mechanical strain referred to as temperature-
range strain increment SRI;

— Constrained thermal expansion within a given temperature excursion causes a bigger mechanical
strain in the test string than in the well string, due to the difference in length between casing
joints (well) and pups (specimen string). Unless pipe body strain is directly controlled in the test,
this effect is compensated by reducing the SRI increment by a strain offset referred to as strain-
length compensating factor SLCF. The LTTS compensation is not affected by the strain-length effect,
because the specimen string is not subjected to constrained thermal expansion betweenT|p and Tj.

Based on the above, the following general formulas are used for LTTS and SRI:

LTTS = LTTSy (3)
SRI = SRIy - SLCFs 4)

where LTTSp and SRIp are strain increments based on the applicable/temperature range, SL{Fs is the
carresponding strain-length compensating factor, and LTTS and.SRI are the strain compé¢nsations
applicable in the thermal cycle test procedure (see Table 24). Forthulas for SLCF, LTTS and SRI pre given
14.4.5.2, 14.4.5.3 and 14.4.5.4. Derivation of SLCF and examples of calculations for LTTS and SRI are
provided in Annex B. All strain compensation factors apply to'pipe body strains.

The evaluator shall report the input parameters and the resultant calculations for the LTT§ and SRI
stfrain compensations in the evaluation report.

In all strain compensation formulas, the average value of the thermal expansion coefficient (CTE,) shall
b¢ assumed as the relevant mean of the local CTEWalues at the two temperatures bounding the applicable

ich might be caused by/holding the length of the controlled elongation interval (see 14.4.6.2)|constant
until time to apply an adjustment strain; and to avoid unloading of the specimen string while afriving at
tHe prescribed targetstrain. If an alteration of the test sequence is required, any such alteratiop shall be

Efther positive~or negative LTTS and/or SRI compensations of absolute magnitude less|than 50
icrostrajnscan be ignored, subject to agreement among the assigner, the supplier and the evfaluator.

v ga alr o- 1o a a C O a S{ome. g2 PIpTE O uniform
strength, and so did the field’s wells, the strain during testing could be matched to the field strain just by
holding length of the controlled elongation interval constant during all heating and cooling load steps in
the test. The same approach would be equally valid if the proportions of stiff intervals (central regions
of connections) to casing pipe lengths were the same in a test as in the field. That simplicity is lost
when the proportions of stiff intervals to casing pipe lengths are not the same in both instances, and
corrections must be made to preserve strain similarity in the differing lengths of pipe.

v =
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The corrections to achieve strain similarity are achieved by introducing a strain-length compensating
factor SLCF:

test 1 field
SLCF =AT #CTE,, Ztherm _ “therm (5)
Jtest Lﬁeld
mech mech
where
AT is the applicable temperature range;
ClE, is the average value of the thermal expansion coefficient in the temperature range

AT,

and whefe the following length parameters depend on the specimen string configuration select¢d
for the thermal cycle test (see 14.4.6) and the field configuration simulated by that,specimen stripg
configuration:

— Lte}z{t is the length of the controlled elongation interval;
therm
— Lire;»tch is the length assumed to be deforming appreciably under mechanical forces in the tejst
configuration, which is somewhat shorter than L%
— L{;: ld is the thermal-expansion length in the field configuration that is simulated in the tedt
Prm

configuration (i.e. having the same number éf.connections), based on an assumed pipe
joint length of 12.5 m (41 ft);

— [ fiqld is the length assumed to be deforming:appreciably under mechanical forces in the

mech . . . L1 field
field configuration, which is somewhat shorter than Lo

The evalyator shall determine, or be responsible for determining, an effective stifflength of the candidafe

connectipn. L4 shall be adopted as L5, minus a number of effective stiff lengths equal to the
field

mech
therm

pipe joink length of 12.5 m (41 ft)~times the number of connection specimens within the controll¢d
d

elongatign interval (one or two or four). Lﬁeelch shall be adopted as Lg;eelfm minus the same number of the

effective|stiff lengths as contained within the controlled elongation interval.

number ¢f connections within the centrolled elongation interval. L shall be adopted as the typidal

Annex B|provides a list\of assumptions and resultant derivations of the formulas for calculating the
length pgrameters listed above and the SLCF. If any of the assumptions adopted for those calculations afe
considergd invalid in a particular evaluation program, then the assigner, the supplier and the evaluatpr
shall agree onymeasures needed to account for those discrepancies in the evaluation procedure.

14.4.5.3 lL.ower-bound temperature strain compensation
The lower-bound temperature strain increment (LTTS) accounts for the difference between the test low
cycle temperature Tjc and the lower-bound temperature T}, defined by the ASL.

It is considered impractical to specify the ASL lower-bound temperature (5°C) to be a uniquely
prescribed low cycle temperature, because most laboratories would have to employ powerful cooling
systems to bring the string temperature down to that temperature in every cycle. Instead, the TWCCEP
allows for selecting a higher low cycle temperature, and prescribes applying an additional mechanical
strain to account for the difference between the selected low cycle temperature and the ASL lower-
bound temperature. This additional strain is first applied in compression at the low cycle temperature
to simulate compression that the specimen string would have undergone had the test begun at the ASL
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lower-bound temperature. Upon return to the low cycle temperature at the end of each thermal cycle,
the same amount of strain is applied in tension.

The additional strain LTTSp resultant from constrained thermal expansion between Tjc and Ty in a field
configuration is equal to:

field
— therm
LTTSy=(T}. =Ty )*CTE ; * ~feld (6)
mech
The r‘nrrncpnnding strainin atest rnnfigllrnfinn is pqn:ﬂ tothe same strain asin the field configuration,
be¢cause the test string does not experience any constrained thermal expansion in the téniperature
rgnge from Ty to Tjc. Based on the above, the following LTTS strain compensation shall be-appljed in the
tgst procedure:
field
— therm
LTTS—(T,C—T,b)*CTEa* LﬁT (7)
mech
After the strain compensation LTTS is first applied as a compressive strdin at the beginning of the test,
tHe strain-measuring system is offset to indicate zero strain with the ITTS applied. This offset fequence
rgsults in a vertical shift of the average-strain axis in Figure 18: from’origin 0’ (before the initjal offset)
td origin O (after the initial offset).
14.4.5.4 Temperature range strain compensation
The temperature range strainincrement SR/ isintroducedto account for potential non-uniformitiesin the
h¢at distribution along the specimen string, strain logalization effects, and inaccuracies of tenjperature
compensation of the elongation-measuring devices{All those potential impacts are considered tio depend
om the applied temperature range. The TWCCEP:specifies a collective strain compensation thatlamounts
td 10 % of the mechanical strain associated with the thermal strain corresponding to the temperature
rgnge between the lower-bound temperature and the upper-bound temperature for the select¢d ASL:
Jrétd
— therm
SRIg=10%* (T, —Ty, ) *CTE . ¥ peld (8)
mech
The corresponding strain-length compensating factor is equal to:
t%st Lf}YIEId
_ _ * x| “therm _ “'therm
SLCFg =(Typ ~ Ty} CTE,, Jest  feld (9)
mech mech
Based on the abeve, the following SRI strain compensation shall be applied in the test procedufe:
field Ltest field
- _ * * + _therm _ | Ztherm _ “therm
SRE={T,, — Ty, )*CTE, *| 0.1 e o el (10)
L L L
mech mech mech
See applicable provisions in 14.4.5.1 if the above expression yields a negative value.
14.4.6 Set-up and instrumentation
14.4.6.1 Test configuration
Allowable test configurations are:
— one single string of four specimens,
— two strings of two specimens,
— four individual specimens.
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When thermal cycle specimens are tested in two strings of two specimens, one string shall contain
Specimen 3 and Specimen 4 and the other string shall contain Specimen 5 and Specimen 6 (this
configuration requirement for two strings is to ensure specimen selection procedures in 14.4.9 work in
all cases).

As defined in 3.37 and described in 14.4.3, the term specimen string refers to either an individual
specimen or multiple specimens assembled in series.

The allowable test configurations are illustrated in Figure 19. For each configuration, Figure 19 shows a
corresponding length of the controlled elongation interval (as defined in 3.13 and described in 14.4.6.2).

The length requirements for the controlled elongation interval are shown only for one end of t‘le
4-specin]en string assembly. The same requirements apply to both ends of any specimen string and fo
all test cgnfigurations.

- - ® 1-specimen string
LCEI
- O O ®  2-specimen string
I—CEI
LP |
o 3 - O m; ®. 4-specimen string
|4 : : ;l
I LCEI
50-66% of L, 50-66%of L,

Figure 19 — Allowable configurations for thermal cycle test

14.4.6.2 | Controlled elongation-interval

In order fo control global (and.average) strain of a specimen string, axial deformation of the specim¢n
string (i.¢. its elongation or'shortening) shall be measured and controlled over an interval thatis referr¢d
to as the [controlled elonpgation interval (3.13). The controlled elongation interval shall:

—

— include all connéetions assembled in the specimen string (can be one, two, or four couplings); and 3ll

interimediate pups between adjacent connection specimens assembled in-series; and

— atlegsthalf but no more than two-thirds of each casing pup between an end fixture and the nearest
connjection specimen;

— be wholly included in the insulated portion of the specimen string (and thus be at “uniform”
temperature during the various stages of the test).

Instrumentation used to control axial deformation in the controlled elongation interval shall be
configured so that no significant loss of accuracy results from temperature effects due to cyclic heating
and cooling of the specimen string. Variations less than +3 % of the controlled elongation interval’s free
thermal expansion determined from the measured average thermal expansion coefficient CTE, shall
be considered acceptable (note that global strain is primarily controlled to be zero in the thermal cycle
test).

Control of a specimen string’s elongation within the controlled elongation interval should be based
on measurements acquired by linear potentiometers sufficiently far from the insulated surface of the
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specimen string to minimize heat effects on the instruments. Two potentiometers on circumferentially
opposing sides of the specimen string should be used to provide an indication of any string curvature
developing in the plane of the instruments, and to provide elongation measurements insensitive to any
curvature effects by averaging the two potentiometers’ outputs.

When possible and practical, strains in individual casing pups should be acquired, so that strain
distribution along the specimen string could be assessed, and local strains could be compared with the
Average string strain within the controlled elongation interval. Additionally, connection loads imposed
during the thermal cycle test will be much less susceptible to any error in determination of the difference
between and, if testing control emphasizes strains in individual casing segments over strain in the
cantrolled elongation interval, when differences might arise.

14.4.6.3 Effective string length

For the purpose of controlling strain in a specimen string, an effective string length (3.14] shall be
adlopted equal to length that is assumed to be deforming appreciably under mechanical fordes in the
tHermal cycle test, which is introduced in 14.4.5 and calculated according toformulas in Annek B:

Effective string length = L%/ (11

mech

The above formulation of the effective string length is considered suitable for applicatign of the
nrchanical strain compensations in a thermal cycle test. Use of’the effective string length for other
phirposes shall be agreed between the assigner, the suppliercand the evaluator.

The TWCCEP requires that for each specimen string, the relationship between the elongatipn in the
cantrolled elongation interval and the strain imposed by mechanical tension and compression bg verified
prior to test commencement. This might be done by.@pplying modest axial loads to the specimlen string
(within 30 % to 50 % of pipe body yield) and comparing the load-elongation-strain measurgments to
rgsults obtained from closed-form load-deforination and stress-strain formulas; or by an alfernative
mlethod as agreed by the assigner, the supplier, and the evaluator.

Strain gauges and/or local-strain measuring devices should also be placed on individual casing pups to
rglate global elongation measurements to local strains.

The assumed effective string length and the verification measurements shall be reviewed by the
eyaluator and the inspector.to-verify accuracy of the strain control system.

The evaluator shall repert the determined effective string length and the acquired verification
measurements in the-evaluation report.

14.4.6.4 Average)string strain
Ayerage string strain (3.4) shall be used to control loading of a specimen string in the thermal dycle test.

Ayerage,string strain shall be calculated by either of the following alternatives:

— “If elongation of the controlled elongation interval is measured but strains in individual caging pups
are not measured, calculate the average string strain by dividing the elongation of a specimen string
within the controlled elongation interval by the effective string length.

— If elongation of the controlled elongation interval is measured and pipe strains in individual
casing pups are directly measured without including stiff lengths in the strain measurements,
determine the average axial strain based on the combination of the acquired elongation and strain
measurements as agreed by the assigner, the supplier, and the evaluator.

As mentioned in 14.4.5.1, expressions provided for LTTS and SRI apply to pipe body strains. If the
latter method of obtaining average string strain (from the two methods listed above) is employed, the
expressions for LTTS and SRI might have to be adjusted depending on the method of controlling the
average string strain, as agreed by the assigner, the supplier, and the evaluator.
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14.4.6.5 Axial force

Axial force acting on each specimen string shall be measured and recorded throughout each thermal
cycle test.

When a single specimen string is tested in a hydraulically-driven testing system, axial force can be
measured using differential pressure acting on the hydraulic actuator, provided no appreciable axial
force is reacted by the end fixtures installed between the actuator and the specimen string. a redundant
force measurement by a load cell installed in-series with the specimen string is strongly recommended,
since the actuator might not be free of frictional drag if the piston becomes misaligned in its cylinder.

For multik)le stringstestedinparallel, axial forcein each specimen stringshallbe measured independently.

Load cells used for axial force measurement shall be configured so that no appreciable loss of’accura¢y
results fijom temperature effects due to cyclic heating and cooling of the specimen strings. Tethperaturg-
compenspted instrumentation should be used, or the load cells should be cooledt6 minimire
temperafure-related loss of accuracy, or both of these techniques might be utilized. Load cell errors lefs
than £3 46 of the true force shall be considered acceptable. Differences larger than £3)%, between axilal
force megisured by a load cell and axial force measured by actuator pressure, should be investigated afd
resolved

14.4.6.6 | String insulation

Each spdcimen string shall be covered with thermal insulation¢sto*minimize heat loss at elevat¢d
temperafure and to distribute the heat as uniformly as possible along the string.

The insulation shall cover the entire controlled elongation intérval, plus an additional length of at lealst
one pup fliameter beyond each end of the controlled elongation interval.

14.4.6.7 |Heating

Heating ¢f the specimen string may be accomplished by any means capable of producing sufficiently
high temperatures throughout the length of the.specimen string, such as heat pads or induction heatirlg.
The heat{ng apparatus shall not induce substantial temperature differences between components of the
specimen string, in particular between adjacent specimens or between adjacent pins and boxes.

Rate of emperature change at any.thermocouple location along the specimen string during heating
shall notlexceed 5°C (9°F) per minute.

14.4.6.8|Cooling

Cooling df the specimeirstring from the high cycle temperature to the low cycle temperature by ambiept
air migh{ take a long.time, which is likely to be undesirable in most evaluation programs. The TWCCEP
permits the followihg cooling options:

— natufal,cogling by ambient air;

I acce CratCu \,Uul;lls b_y f\.u TC

— accelerated cooling by circulating water or other cooling fluid inside or outside the string, as long as
it does not interfere with the leakage detection system.

The cooling fluid should be restricted from contacting hot connection surfaces. For example, this can
be accomplished by circulating the fluid inside a mandrel that is inserted inside the specimen string
(also see comments about the internal mandrel). The cooling apparatus shall not induce substantial
temperature differences between components of the specimen string, in particular between connected
pins and boxes.

The assigner, supplier and evaluator shall agree on either natural or accelerated cooling at the onset of
the evaluation program.
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Rate of temperature change at any thermocouple location along the specimen string during cooling
should not exceed 5°C (9°F) per minute.

14.4.6.9 Temperature measurements

Temperature of the specimen string shall be measured by thermocouples. Multiple thermocouples
shall be used to permit assessment of temperature distribution along the specimen string and facilitate
controlled input of heat during temperature excursions.

As a minimum, thermocouples shall be placed in the following axial locations of the specimen string
inside the controlled elongation interval:

— on casing pup bodies within 10 cm (4 in) from each connection, with the distanceaneasured from
each box face or, for integral connections, from the external upset;

— for threaded-and-coupled connections, at the axial centre of each coupling; fonintegral connections,
near the axial centre of the increased-diameter interval of the box component;

—t in the centre of each pup belonging to two specimens within the spegimeén string;
— on casing pup bodies at ends of the controlled elongation interval,

Adlditional thermocouples may be placed outside the controlled elengation interval, or anywhefe else, to
provide enhanced data on temperature distribution along a specimen string.

At least one thermocouple shall be placed in each axial“ocation. Redundant thermocouplef may be
placed around any circumference to ensure continuing measurements in case of thermocoupl¢ failure.

Circumferential location of a thermocouple may-.bé&“arbitrary when a specimen string is tested in a
vgrtical orientation. For horizontal testing orientation, thermocouples should be located aq close as
practical to the horizontal symmetry plane ofithe specimen string.

All thermocouples except those that havedailed shall be considered active thermocouples.

Failed thermocouples within the contfolled elongation interval shall be replaced as soon as itis[practical
td do so. Failed thermocouples outside the controlled elongation interval should also be replacgd. Use of
pre-installed, redundant thermocouples is equivalent to thermocouple replacement.

14.4.6.10 Internal mandrel
Alpressure-tight internal mandrel or filler bar may be inserted inside each specimen string (3137).
Rationale for th€ uise of the mandrel or filler bar is to:

— reducethevolume of gas used to pressurize the string, and consequently reduce the energy stored
in thé.compressed gas;

— provide additional bending stiffness to reduce potential for local buckling of the specimrn string
under compression;

— optionally, when a hollow mandrel is used, provide a conduit for circulating cooling fluid. The
circulation of fluid through the mandrel allows accelerated cooling of the specimen string in each
thermal cycle.

The internal mandrel should be dimensioned to reduce the internal specimen string volume significantly
but shall not result in any mechanical interference with the connection specimens. The internal mandrel
should provide sufficient lateral support to resist the specimen string’s column buckling tendencies and
keep the specimen string as straight as practical.

To maximize specimen string straightness, the mandrel should be sleeved or shimmed at each tested
connection, if necessary, to leave its effective outside diameter no larger than the specimen string’s drift
diameter and no smaller than the drift diameter minus 2 mm (0.080 in). The mandrel should be sleeved

© IS0 2013 - All rights reserved 87


https://standardsiso.com/api/?name=a143459ac674dc8a0ea5104ccedacf7a

ISO/PAS 12835:2013(E)

or shimmed at both ends, if necessary, such that diametric clearance is between 2 mm and 4 mm at those
locations. If used, sleeves or shims shall be firmly attached to the mandrel and long enough to account
for relative movement.

Some additional mandrel design guidelines are:

14.4.6.11 Internal pressure

Internal gas pressure shall be applied with/a dry, inert gas such as nitrogen. As an option, a 5 % heliujm
tracer gajs may be added.

Internal pressure in each specimen-string shall be measured continuously during the test and record¢d
by the dqta acquisition system:-

14.4.6.12 Data acquisition
A computerized datadcquisition system shall be used.

As a minjmum, thefollowing data shall be acquired and recorded continuously during each test, except
for test

88

The mandrel shall be resistant to collapse at pressures and temperatures corresponding to the high
cycle temperature.

The mandrel should be as long as possible while allowing for end clearance and accounting for
therys i ereree eep-the-speein te-and-the-man

Design conservatism of the mandrel should be generous as mandrel failure would be detvimental fo

1%

assuming the specimen string is moment-free at end fixtures, intermediate,supports and othpr
¢ontacts points between the specimen string and the mandrel;

¢stimating the specimen string’s maximum axial load conservatively-and assuming maximujm
possible lateral displacement of the specimen string;

ncluding the mandrel’s calculated bending stress in collapse caléulations and using large design
factors.

Manglrel lateral deflection should be minimized, with calculated lateral deflection no largpr
than{[1/200th of the span between lateral restraints béeing a realistic design goal if the mandiel
is considered a simple beam between each pair of latéral restraints. One or more laterally st]ff
external supports should be considered if this deflection design goal cannot be achieved withoput
such|external supports. External supports should-not contact the specimen string within one pipe
dianjeter of any connection specimen.

=4

aintenance periods:
Tem I6RS;

Elongation of the specimen string within the controlled elongation interval (this should be equal to
zero or LTTS for most load steps);

Average string strain (calculated from the elongation measurement above);
Axial stroke of the test frame actuator;

Axial force imposed on the specimen string;

Internal pressure;

Seepage from each connection;
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— Date and time.

14.4.6.13 Test frame and instrumentation checks

Integrity of the test assembly and accuracy of instrumentation measurements shall be checked, and
where possible also verified, prior to test commencement.

As a minimum, the scope of the assembly checks shall include:

— Specimen string elongation measurements and/or other measurements to be used for strain control;

— Specimenstring pressure integrity (e.g. by applying axial compression-tension and integnalfpressure
up to 10 % of equivalent yield stress);

— Pressure integrity of the internal mandrel;
— Connectivity and clearance of seepage measurement lines;

— Functioning of data acquisition system.
14.4.7 Test procedure

14.4.7.1 Specimen configuration

The thermal cycle specimens shall be tested either individually or in a string assembly. In any
cgnfiguration, all thermal cycle specimens shall be subjected to the same load steps, as describgd below.

14.4.7.2 Load steps

T4ble 24 contains the load steps for the thermal cycle test. Path indicators (points P, Q, R, S, {V, and X)
indicated in Table 24 are consistent with Figure 18. Symbols used in Table 24 are explained in|4.2.

Ayerage pipe strain upon testinitiation inltoad step 0.1 isindicated as 0”, because the zero-strain position
is|reset (“re-zeroed”) twice in later:léad steps. The first such reset takes place in load step 05, after a
sgries of elastic loading and unlodding. That re-zeroed strain is denoted as 0’. The second strjain reset
tdkes place in load step 0.8, after the LTTS strain compensation is applied. The zero-strain posifion after
tHat load step is denoted as/0.The 0’-strain and 0-strain positions are illustrated in Figure 18.

In] load step 0.3 and load step 0.4, axial forces are applied by mechanical compression and tgnsion to
tdrget force magnitudes’-F33 ¢4 and +F33 95, which respectively denote the compressive and tensile axial
farce that together.with the capped-end pressure loading produces equivalent stress equal t¢ 33 % of
tHe pipe-body néminal yield strength at room temperature.

In all otherdodd steps of the thermal cycle test that involve non-zero axial loads, the magnitude§ of those
axial loads:shall result from the controlled temperature excursions, strain compensations, and internal
pressute:

Internal pressure shall be applied as indicated in Table 24. For the majority of the load steps, the target
pressures correspond to the saturated-steam pressure-temperature relationship (see 9.2 and 9.3),
although in some load steps an arbitrary pressure value has been selected for practical reasons. In the
load steps that involve changes of both pressure and temperature, those changes should be applied
so that the saturated-steam pressure-temperature relationship is followed as closely as practical. It is
acknowledged that the sequence of the pressure and temperature application in the thermal cycle test is
somewhat different from the corresponding sequence used in Task 2.2 Specimen Configuration Analysis
(12.3.1), for reasons explained in 6.5.7.

Average string strain (3.4) in Table 24 refers to the average axial strain of the specimen string, as defined
in 14.4.6.4. In order to achieve pipe body strain in the specimen string that is equivalent to the pipe body
strain in the simulated field configuration, the target strains in the test procedure are compensated for
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strain-length effects and other influencing factors by applying LTTS and SRI compensation factors, as
determined in 14.4.5.

In load step 1.3, the default hold time is 120 hours. This hold constitutes the specimen bake-out, which is
prescribed to allow temperature- and time-dependent property changes to occur in the test specimens
(e.g. changes in dope consistency and steel relaxation), so that their condition is representative of
connections subjected to long-term field loading (see 6.5.6). Given that those property changes in
general depend on external loading, it is strongly recommended to conduct the first specimen bake-out
under compression.

If condudting the default hold Under compressior MOT pOSSIDIE 10T pra al Or OLNer reasons, then |
agreemeht between the assigner, the supplier, and the evaluator, a pre-test bake-out may be conducted
on each specimen in an unconstrained condition prior to the thermal cycle test. In that case, the dupatign
of the hold in load step 1.3 shall be the longer of 4 hours and the difference between 120 houts‘and the
pre-test pake-out. If the thermal cycle test is conducted on individual specimens, this provision shgll
apply to ach specimen separately. If the test is conducted on a multi-specimen string, then the hold jn
load step|1.3 shall correspond to the longest duration required for the specimens included in that string.

In load step F.1, average string strain measured after completion of the last theéymal cycle and during
unloading of the specimen string from zero average string strain (point Q imFigure 18) to zero logd
(point X In Figure 18) is assumed as a residual post-cycle strain. The absoltite magnitude of that strajn
is denote(d as ETTE. Typically, the residual post-cycle strain can be expected to be compressive, in whi¢th
case “ETTE” will be a negative value.

If the thqrmal cycle test is conducted on a single 4-specimen strinigy then the ETTE value obtained fpr
that string shall be adopted as the average post-cycle strain ETTE,, for use in the limit-strain test. If tte
thermal ¢ycle test is conducted on multiple strings, then ETTEg-Shall be calculated as the average of the
ETTE values obtained for all specimen strings. For exampléyif upon unloading from point Q to point|X,
average §tring strain changes from 0 to -500 microstrains, then the value referenced as -ETTE in Table
24 will bg =500 microstrains. If this strain magnitude;is also assumed for the average post-cycle strain,
then the ETTE, value used in the limit-strain test (sé¢ Table 26 and Table 27) will be +500 microstrairs.

14.4.7.3|Criteria for achieving target temperatures

Prior to Heginning any hold interval;temperatures measured by all thermocouples inside each controll¢d

elongatign interval shall be within,the following limits:
— atpipe body locations: within #10°C from the specified target temperature;

— at cdupling locatioris,and within increased-diameter sections of integral-connection boxes: from
-20°L to +10°C from'the specified target temperature.

Best effoft shall be.exercised to keep all temperatures inside each controlled elongation interval withjn
the abov¢ limits-throughout the duration of each hold.

14 4 7 4 D £ dof, 43 £ 'S 3
D S A I'TIHIAIITIIT UTIUT IIIatiUil UI tCot PJIpco

While the TWCCEP prescribes consistent specifications for geometrical and material properties of all
thermal cycle specimens, some variations of those properties might still occur, and lead to strength
contrasts between individual specimen components. During thermal cycles, loading of the specimen
string is controlled on global strain, and strength contrasts between individual pups might lead to
strain localization and non-uniform distribution of plastic strain.

The TWCCEP recommends that the permanent deformation (plastic strain) remaining after the thermal
cycle test should be assessed for each casing pup of each thermal cycle specimen. This assessment is
recommended to indicate if any significant strain localization occurred in the specimen components
(possibly due to circumstances outside of TWCCEP specifications). Such information might be useful as
auxiliary performance data and/or in excluded connection considerations.
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Recommended procedure for assessment of permanent specimen deformation:

— upon assembly of specimens for the thermal cycle test, measure distances between the two box

components attached to each casing pup (coupling face or end cap face might be chosen as
convenient reference), to obtain initial undeformed lengths;

— measure the same distances after the thermal cycle test, to obtain post-test deformed lengths;

a

— for each pup, divide the difference between its initial undeformed length and its post-test deformed
length by itsinitial undeformed length. This ratio can be considered representative of the permanent

PPCEE Y
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Each measured permanent pup deformation shall be reported in the evaluation report.

14.4.8 Performance assessment

The follgwing threshold performance requirements for the thermal cycle test dre”provided fi
referenc¢ purposes in accordance with adopted principles for TWCCEP assessment-criteria and resu
interprefation specified in 6.3.6 and 6.3.10 and in accordance with assumptionsfor Seepage threshol
describedl in 6.5.3.

A candidte connection shall be considered to have met threshold perforuorance requirements in tte

thermal ¢ycle test if all of the following conditions have been satisfied forall connections included in t
thermal ¢ycle specimens, except any excluded connections:

a) No structural failure has occurred;

b) Per-¢onnection average seepage rate for holds at high cycle temperature does not exceg
1 mlf/minute;

c) Per-¢onnection average seepage rate for holds*at low cycle temperature does not exce¢
10 mL/minute.

Per-conngection average seepage rate for each(cohnection in each loading condition shall be calculatg
according to definitions provided in 14.2.4.3,

All the apove seepage rate thresholds ‘apply to each individual connection - i.e. not to a connectiJn
|

specimen unless it is an integral connection specimen (3.12), and not to test strings with multi

in the evdluation report. Thisthreshold rate is consistent with ISO 13679; the TWCCEP does not consid
it to be a|pass-fail criteriomn; but specifies it as a reportable threshold.

Average per-specimen seepage rates (i.e. for two connections in a threaded-and-coupled connecti:[n
d

specimen) at the'high cycle temperature and the low cycle temperature should be calculated a
documerfted forinformation purposes.

DI
It
s

e

1l

e

e d

e
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14.4.9

Following completion of the thermal cycle test, the thermal cycle specimens shall be ranked according
to their structural behaviour and sealability performance in the thermal cycle test, to enable selection

of thermally-cycled specimens for the bending evaluation and the limit-strain test.
The following selection procedure shall be applied:

a) remove all specimens that contain excluded connections from further selection;

b) from the remaining set of thermal cycle specimens, select the specimen with the connection that
seeped at the highest average rate at room temperature in all cycles, and designate that specimen

as Specimen RX for use in Task 4.4 Limit-Strain Test;
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c) from the specimens that remain available after the selection of Specimen RX, select the specimen
with the connection that seeped at the highest average rate at room temperature in all cycles, and

designate that specimen as Specimen RY for use in Task 4.3.2 Bend Test.

14.4.10 Reporting

As a minimum, reporting of Task 4.2 Thermal Cycle Test shall contain the following items:

Identification of connection specimens submitted for this test;

C(

If
th

1#.5 Bending evaluation (optional.task)

14.5.1 Task description

The bending evaluation constitutes Task 4.3 of the TWCCEP evaluation procedure (see Figur
tgsk includes two subtasks: Task 4.3.1 Bending Analysis and Task 4.3.2 Bend Test. Task 4.3.1
Ahalysis is an analytical task conducted on a computer model of the candidate connection. Tas
a full-scale test conducted on two specimens of the candidate connection.

Execution of eithe?PTask 4.3.1 and/or Task 4.3.2 is optional at the assigner’s discretion. The d¢
nduct or notto.conduct those tasks shall be documented in the evaluation report.

either Task 4.3.1 or Task 4.3.2 is carried out, then all TWCCEP mandatory provisions app
e perfarnied tasks shall be satisfied. The scope of each of those tasks may be enhanced by a
betwéen the assigner, the supplier and the evaluator.

Description or any excluded connections, as required 1n 14.2.5;

Calculated values for strain compensations SLCF, LTTS and SRI;

Overall description of the test set-up, including a schematic showing the test configuration, c
strain interval, temperature control points, heating/cooling elements, and segpage detectic

Photographs of the test set-up and specimen string(s) installed in the testframe;
Locations of installed thermocouples;

Determined effective string length;

Performed test frame and instrumentation checks;

For each load step executed per Table 24, at the beginning, midpoint, and end of that |
date and time, cycle and load step number, measured.témperatures, measured deformati
controlled elongation interval, average string strdin; axial force, and applied internal pres

For each load step with a hold at stable conditions: hold duration, and average seepage rate
of 0.06 mL/min from each connection.

bntrolled
n points;

bad step:
n within
Sure;

in excess

e 6). This
Bending
k 4.3.2 is

cision to

icable to
reement

R 1= £ 1l 1= pa - 1 43 £o11 o o a1l + £ - H £ Jdaot AL
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of those

results are compared to threshold performance requirements. Regardless of the executed scope, all
acquired results shall be documented in the evaluation report.

The following Clauses describe the rationale, scope, set-up, data, and performance requirements for
Task 4.3 Bending Evaluation:

— 14.5.2 Rationale and objectives

— 14.5.3 Bending analysis

— 14.5.4 Specimens for bend test

— 14.5.5 Scope of bend test

© IS0 2013 - All rights reserved
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— 14.5.6 Set-up and instrumentation
— 14.5.7 Test procedure
— 14.5.8 Performance assessment

— 14.5.9 Reporting

14.5.2 Rationale and objectives

"i"‘-'v'i """ ar-we "'6"' i""“'i'; tsyrrretrte OT€es Ta eSSt B,
curvaturg loading. Magnitudes and impacts of those loads depend on wellbore configuration, cemept
support, fand axisymmetric loading components. For example, if a deviated section of the casingstring
is supported continuously by the cement sheath, then lateral forces are uniformly distributed alopg
the string, and connections in that section experience curvature loading with little or no’shear. If the
cement spipport is not continuous in an interval, then a coupling within that interval mightbe in contalct
with the wellbore while the pipe adjacent to that coupling might be laterally unsupported. The coupling
is then s@ibject to a shear force corresponding to the lateral force acting along the tsupported casing
length. Another potential source of non-axisymmetric bending can be associated with geo-mechanidal
deformations; for example, shear displacements imposed on casing and connections by lateral formatign
movements. Non-axisymmetric downhole forces on casing strings might %e further compounded by
axial conppression and tension during thermal cycling.

While the severity of bending effects is path-dependent (it depends.otithe sequence of application of 3ll
the load gomponents resulting from curvature, shear, eccentric axial forces, temperature, and pressur¢),
it can be postulated that bending impacts in competently-suppotted casing are mostly mitigated by the
constraimed heating of the casing in the first operational cycle-’During that first heating the pipe bodly
will yield and accommodate the curvature with little residual/bending moment acting on the connection.
In that c3se, the connection will experience close-to-axisyimmetric axial loading in subsequent cycling.
Nonetheless, severity of the bending loads acting on casing connections downhole might vary depending
onspecifjc operational conditions, such as hole profile, hole condition (e.g., washouts), heating and cooling
extremeg, and casing-formation interactions. Fotbmany connection designs, those loads might lead fo
variatior]s of seal contact stress around the cohnection circumference. Impacts of such circumferential
variations in the stress distribution, intensity, and gradients cannot in general be fully assessed lpy
approxinpate or interpolated axisymmetrie’analysis and/or testing.

The assigner should carefully consider'intended applications of the candidate connection, and select tIe
bending e¢valuation options accordingly. The TWCCEP recommends that at least one bending evaluatign
task shoyld be performed whenever one or more of the following circumstances occur:

— Sevefre curvature lgading is expected during casing string installation and/or subsequeht
production. While<impacts of a specific curvature loading on a connection performance will jn

— The candidate connection (3.7) is being qualified for an application in which a significant increase
of curvature loading is anticipated, when compared with historic use of that connection.

The objectives and scope of the bending evaluation may vary depending on the applicable rationale for
conducting that task, the anticipated severity of bending loads, the possibility of experiencing shear
loading in the intended application, and the practicality of simulating those loads using either analytical
modelling or laboratory testing.

The TWCCEP recommends the following basic set of objectives for the bending evaluation:

— verify the candidate connection’s structural integrity and sealability under curvature loading
commonly encountered in thermal well service;
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— assess the candidate connection’s structural limits and sealability limits under increasingly severe
curvature loading.

The above set of basic objectives does not address impacts of formation shear, because formation shear
was not identified as a widespread operational concern during development of this TWCCEP edition.

If either Task 4.3.1 or Task 4.3.2 or both tasks are selected for execution, it is recommended they be
conducted in the following manner:

— Ifselected, perform Task 4.3.1 Bending Analysis to simulate the response of the candidate connection

o boandiaas o d oot oo din g e da tbha i oo d 01 aditiane Coseyy oot o o ram trl
AR} Ubllullls difuu tur vdatltur o lUuulllB UIrfvucTI CIIe ulllelt}uLbu TIITCIU CUIITUILIVUITO. \J(«lll‘y uul d lJ a e C

analysis to determine critical combinations of the design and loading variables;

— If Task 4.3.1 Bending Analysis has been performed, use the results from that task to guideselection
of specimens and loading for Task 4.3.2 Bend Test;

— If Task 4.3.1 has not been performed, execute Task 4.3.2 Bend Test according to the default test
procedure per 14.5.4, 14.5.5, and 14.5.7.

14.5.3 Bending analysis

NOTE This Clause is intended for development and inclusion in future.FWCCEP revisions.

14.5.4 Specimens for bend test

If|Task 4.3.1 Bending Analysis has been performed, then specimen choice for the bend test might be
influenced by the bending analysis results. Otherwisefas'a default, two connection specimens $hould be
sybjected to the bend test:

— Specimen 2, a make-break specimen that has not been thermally cycled;
— Specimen RY, a thermally cycled specinien (see 14.4.9 for selection procedure for Specimen RY).

Collectively, the above two specimens-are referred to as bend test specimens (3.5).

st. Specimen RY shall be subjected to the bend test following its thermal cycle test. In pursuit pf testing
ficiency, both bend test specimens should be subjected to the bend test sequentially rathgr than at
sgparate times (e.g. both §pecimens can be subjected to the bend test after the thermal cycle tgst).

S%ecimen 2 shall be subjected to thebend test without any intervening loading after its galling rgsistance

If[Task 4.3.2 Bend Testis’executed, then all bend test specimens shall have their secondary sealq disabled
ag per 14.2.3 and their seepage ports drilled as per 14.2.4. Any spares substituted for those specimens
shall have theirsecondary seals similarly disabled and seepage detection ports similarly drilled.

14.5.5 Scepe of bend test

14.5.5:1 Overall scope

If Task 4.3.1 Bending Analysis has been performed, then the scope of the bend test might be influenced
by the bending analysis results. Otherwise, as a default, the bend test should consist of two parts:

a) Part1: sensitivity to increasing curvature;
b) Part 2: structural limit with water sealability.

In both parts of the bend test, a gradually increasing curvature shall be applied to each bend test
specimen at ambient temperature. The loading sequence for the bend test is specified in Table 25 in
14.5.7.2.
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14.5.5.2 Part 1 Sensitivity to increasing curvature

In Part 1 of the bend test, each bend test specimen shall be subjected to increasingly severe curvature
loading starting from a straight configuration and ending at the maximum test curvature (defined in
14.5.5.4). All bending shall be conducted in a single plane with curvature applied one way and then
the other, so that each connection side experiences tensile and compressive bending stresses. Bending
in both directions shall be conducted twice on each specimen. No external axial load shall be applied,
either actively or passively (through end reactions).

Internal pressure shall be applied with gas.

Sealability shall be checked at each curvature increment, unless it becomes impractical due to high-ral:e
leakage.

14.5.5.3 | Part 2 - Structural limit with water sealability

In Part 2|of the bend test, each bend test specimen shall be subjected to increasingly severe curvatufe
loading yntil structural failure occurs. The curvature shall be applied in discrete curvature increments,
starting from the highest curvature to which the specimen was tested in the first part of the bend tegt,
and endipg when structural failure occurs. No external axial load shall be applied, either actively pr
passivelyf (through end reactions).

Internal pressure shall be applied with water.

Sealability shall be checked at each curvature increment, unless ithecomes impractical due to high-rage
leakage.

14.5.5.4|Maximum test curvature
In Part 1|of the bend test, the maximum test curvatureppax shall be no less than the lowest of:
a) 20°/BOm

b) the durvature at which the resulting bending stress in the extreme fibre of the pipe body amounits
to 68 % of the nominal yield strengtli of the pipe body.

Condition b) above bounds the target\curvature for larger pipes, for which the curvature loading pt
20°/30m|might cause bending strésses to approach or exceed the pipe body yield strength. Such high
bending $tresses are typically avaided in current thermal well designs.

14.5.5.5 | Curvature increments

The curvpture loadingshall be applied in five curvature increments, equally spaced between the straight
configuration and-th€ maximum test curvature. Each curvature increment Ap shall be targeted to be;

Ap = bmax s
(1p)

If any applied curvature increment differs from the target curvature increment, then the next curvature
increment shall be adjusted to compensate for the difference.

14.5.6 Set-up and instrumentation

14.5.6.1 Curvature application

Curvature shall be applied by 4-point bending, or by rotating end fixtures, or by eccentric axial load
acting on moment arms. Any external axial loads transferred to the test specimen shall be compensated
or reacted externally to the specimen, so that there are no resultant external axial loads on the bend test
specimens. Capped-end internal pressure tension does not need to be compensated.
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For each bend test specimen, uniform curvature is assumed along the pipe body excluding the connection
area. The curvature shall be applied so that it is uniform over at least half of the length of each casing
pup belonging to that specimen and adjacent to the specimen connection(s).

14.5.6.2 Curvature measurement and control
Measurement of the specimen curvature can be achieved by:

a) Bending strain measurement with strain gauges;

b Lateral deflection measurement.

At least one of the above methods shall be used. It is strongly recommended that Both |types of
mleasurements (i.e. bending strains and lateral deflections) be acquired for calibration-aid redundancy
rgasons. Whereas strain gauges might fail at large pipe curvatures, curvature calculations based only
onm lateral deflection measurements might be degraded by stiffness contrasts at the‘connections.

14.5.6.3 and 14.5.6.4 describe the above two methods and provide guideline$for their applicafion.

14.5.6.3 Bending strains

NDTE TWCCEP’s guidelines for use of strain gauges to measure beriding strains are similar but nof identical
to those of ISO 13679.

When measuring curvature of a bend test specimen by means of strain gauges, four uniaxjal strain
gquge rosettes shall be placed on each casing pup belonging to that specimen at a single cross-sectional
plane of that pup and at a distance of atleast 3v/D*t from any connection or end cap or grippirlg feature
be¢longing to that specimen. The strain gauges shalldbe equally spaced around the circumfer¢nce. The
position/orientation of each gauge shall be documented.

The monitored pipe body strains shall be used'to calculate the resultant specimen curvature and dogleg
sg¢verity in the connection locality.

Unless necessary due to technical reasons, the strain gauges’ calibration and zero position shall not be
adljusted during any tests that measure the applied curvature. That is, re-zeroing is not allowed and any
r¢sidual bending is part of the total applied curvature.

Size of the strain gauges might depend on connection geometry and should not be larger than|6.35 mm
(4.250 in).

14.5.6.4 Lateral deflection measurements

When measuringcurvature of a bend test specimen by means of lateral deflections, at least thrge LVDTs
off linear petentiometers shall be used to measure the lateral deflection at known axial positiops of that
specimenxThe axial positions of these instruments shall be as indicated in Figure 20:

— ~one LVDT or linear potentiometer in the specimen centre;

— two LVDTs or linear potentiometers on the casing pups at approximately equal distances from the
coupling faces or from the axial centre of an integral connection, those distances being equal to
approximately half of the pup length.

The monitored lateral deflections shall be used to calculate the specimen curvature and dogleg severity
in the connection area. Correlation with strain gauge measurements is recommended to enhance
accuracy.

Unless necessary due to technical reasons, the calibration and zero position of the LVDTs or linear
potentiometers shall not be adjusted during any tests that measure the bending moment. That is, re-
zeroing is not allowed and any residual bending is part of the total applied curvature.

© IS0 2013 - All rights reserved 99


https://standardsiso.com/api/?name=a143459ac674dc8a0ea5104ccedacf7a

ISO/PAS 12835:2013(E)

14.5.6.5
A compu

As a min

Figure 20 — LVDT placement for lateral deflection measurements

Data acquisition
ferized data acquisition system shall be used.

mum, the following data shall be acquired and recorded continuously during the test, exce

for test npaintenance periods:

— mea;
— calcy
— axial
— inter
— seep

— date

14.5.6.6

Integrity
where pg

ured bending strains and/or specimen‘deflections;
lated curvature and dogleg severity;

force;

nal pressure and fluid type;

hge from each connéction;

and time.

Test frame and instrumentation checks

ssible also verified, prior to test commencement.

of thetest assembly and accuracy of instrumentation measurements shall be checked, and

As a minimum, the scope of the assembly checks shall include:

— instrumentation and measurements to be used for bending and curvature control;

— specimen pressure integrity;

— connectivity and clearance of seepage measurement lines;

— functioning of data acquisition system.
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14.5.7 Test procedure

14.5.7.1 Specimen configuration

Each bend test specimen shall be tested individually in all parts of this test (Part 1 and Part 2). Each
bend test specimen shall be tested according to the same load step sequence described below.

Each bend test shall be conducted at room temperature.

Internal gas pressure shall be applied with nitrogen. Internal liquid pressure shall be applied with water.

14.5.7.2 Load steps
T4ble 25 contains the load steps for the bend test. Symbols used in Table 25 are explained in 4{2.

Part 1 of the bend test verifies connection sensitivity to increasing curvature logding. Each bend test
specimen is gradually bent to the maximum curvature in one direction, unloaded, and gradyally bent
td the maximum curvature in the opposite direction. This bi-directional segilence of loading i§ referred
td as a bending cycle. Two bending cycles are performed. Gas seepage.is’ measured during those two
be¢nding cycles.

Part 2 of the bend test determines the connection structural limit under curvature loading. Bach bend
tdst specimen is gradually bent in one direction until structural fdilure occurs. Water loss is measured
in Part 2.

14.5.8 Performance assessment

The following threshold performance requirementsfor the bend test are provided for reference purposes
in accordance with adopted principles for TWCCEP assessment criteria and result interpretation
specified in 6.3.6 and 6.3.10 and in accordance with assumptions for seepage thresholds desfcribed in
645.3.

Instructing the evaluator to comparethe bend test results with any connection assessment driteria is
optional at the assigner’s discretion:Fhis decision shall be documented in the evaluation repgrt. If the
rgsults of the bend test are to be-eompared with selected assessment criteria, interpretati¢n of any
sych comparison shall be agreéd between the assigner and the supplier prior to the evaluation|program
cgmmencement.

For the bend test Part A;the TWCCEP recommends that the candidate connection should be cqnsidered
have met threshold-performance requirements in the bend test if all of the following conditjons have
bg¢en satisfied for allyconnections included in the bend test specimens, except any excluded Conphections:

No structural failure has occurred;

Per-cohnection average gas seepage rate calculated for all holds at the maximum test durvature
do€s-not exceed 10 mL/minute.

oe _seepage i iti rding to

definitions provided in 14.2.4.3.

The above seepage rate threshold applies to each individual connection - i.e.notto a connection specimen
unless it is an integral connection specimen (3.12).

Any seepage that exceeds 0.06 mL/minute over any 15 min interval (1 mL in 15 min) shall be identified
in the evaluation report (this threshold rate is consistent with ISO 13679; the TWCCEP does not consider
it to be a pass-fail criterion, but specifies it as a reportable threshold).

Average per-specimen seepage rates (i.e. for two connections in a threaded-and-coupled connection
specimen) should be calculated and documented for information purposes.

No assessment criteria are specified for Part 2 of the bend test.
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14.5.9 Reporting

As a minimum, reporting of Task 4.3.2 Bend Test shall contain the following items:

— Identification of connection specimens submitted for this test;

— Desc

ription of any excluded connections, as required in 14.2.5;

— Calculated values for the maximum test curvature and curvature increments;

— Overall description of the test set-up, including a schematic showing the test configuration, curvature

appl
— Phot

cation and control elements, and seepage detection points;

pgraphs of the test set-up and at least one bend test specimen installed in the test frame;

— Perf¢rmed test frame and instrumentation checks;

— Amb

— Ford
orla

— For-d

ient temperature during testing of each specimen;

ach load step executed per Table 25: date and time, load step number, measured bending strai
feral deflections, resultant curvature and dogleg severity, and applied.internal pressure;

ach load step with a hold at stable conditions: hold duration, and average seepage rate in exce

of 0.06 mL/min from each connection.

14.6 Limit-strain test

14.6.1

sk description

The limif-strain test is a full-scale test conducted on two'specimens of the candidate connection. Th
test condtitutes Task 4.4 of the TWCCEP evaluationcprocedure (see Figure 6). Task 4.4 contains ty
subtasks} Task 4.4.1 Localized Strain Seepage and\Task 4.4.2 Tension Limit. Those two subtasks a

structure¢d so that both of them can be performled in a single test on a single specimen, involving the

same exgerimental set-up and a continuous tést execution procedure. The subtask numbering sequen

correspo

Executio
to compl
carried 9
The scop

Executio

ds to the order in which the two'tasks would be executed in a physical test.

is
/0
e

Ce

h of Task 4.4.1 Localized Strain-Seepage is optional at the assigner’s discretion. The decisi

ut, then all TWCCEP manddtory provisions applicable to the performed task shall be satisfi

h of Task 4.4.2<Tension Limit is mandatory.

Results allcquired in\Task 4.4. Limit-Strain Test will include key performance measures obtained in Ta

4.4.2, an
scope, al

mightinclude auxiliary performance data obtained in Task 4.4.1. Regardless of the execute
acquired results shall be documented in the evaluation report.

The foll

n

bte or not to complete Tagk\4:4.1 shall be documented in the Evaluation Report. If this task|is

e of this task may be, enhanced by agreement between the assigner, the supplier and the
evaluator.

bk
b d

‘Aring clauses describe the rationale scope, set-up, data_and pprfnrm:mr‘p rnr}nirpmpnfc fi

Task 4.4.

Limit-Strain Test:

— 14.6.2 Rationale and objectives

— 14.6.3 Limit-strain specimens

— 14.6.4 Scope of limit-strain test

— 14.6.5 Set-up and instrumentation

— 14.6.6 Test procedure

— 14.6.7 Performance assessment
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— 14.6.8 Reporting.

14.6.2 Rationale and objectives

Loading of casing strings in thermal wells is dominated by constrained thermal expansion, which
typically leads to casing yielding and appreciable post-yield deformation of the entire casing string.
Furthermore, mechanical strain induced by the constrained thermal expansion might be non-uniform
alongthe casinglength, and some (weaker) sections of the string might experience localized strain thatis
greater than the average strain. TWCCEP requires assessment of the candidate connection performance
under increasing straining, in order to acquire information regarding how much plastic strajn can be
tdlerated.

In| field applications, strain localization might occur due to axial variations in string geometty (cross-
sgctional area) and material properties (yield strength, post-yield stiffness). The magnitude|of strain
localization is also influenced by cement support. For example:

— If the entire string is perfectly constrained from any axial movement, then no strain lodalization
will occur.

— Ifevery coupling is constrained from axial movement but the pipe/dody is free to move axially, then
strain localization can occur within a single joint.

— If some couplings are constrained from axial movement but‘other couplings and the pipe|body are
free to move axially, then strain localization can occur aleng multiple joints.

Frictional interaction is generally expected to exist between the pipe body and cement so the feffective
friee length” for strain localization might be a non-intéger multiple of the joint length. Due to vhriability
i manufactured casing geometry and material préperties and uncertainty in downhole cdnditions,
stirain localization can be expected to take placé.in field operations but the magnitude of the strain
localization is uncertain.

The TWCCEP considers knowledge of the-structural limit of the candidate connection to be ¢f critical
importance in the process of the connectien evaluation, and therefore specifies Task 4.4.2 Tendion Limit
ag§ mandatory (this approach is analogous to ISO 13679).

In addition, the assigner should:carefully consider intended applications of the candidate cqnnection
when deciding whether to_eommission the optional portion of the limit-strain test, i.e. Task 4.4.1
Ltcalized Strain. The TWCCEP recommends performing that task whenever one or more of the following
cumstances occur:

— Substantial straifdocalization is expected during thermal cycles in field service;

Significantstrength contrasts are possible in the well-completion casing string;
— Likelilood of discontinuous cement support cannot be excluded;

— The’candidate connection (3.7) is being qualified for a variety of applications.

TheTWCCEP cpnr‘iﬁ'nc the Fn]]nuring nh}'nr‘fivpc for the two tasks of the limit-strain test:

— Task 4.4.1 Localized Strain Seepage: assess the candidate connection’s sealability in conditions of
strainlocalization, under strains greater than the average mechanical strain induced by constrained
thermal expansion.

— Task 4.4.2 Tension Limit: assess the candidate connection’s structural integrity and tension limit
under increasing axial-tensile strain.
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14.6.3 L

imit-strain specimens

Two connection specimens shall be subjected to the mandatory Task 4.4.2 Tension Limit:

— Specimen 1, a make-break specimen that has not been thermally cycled;

— Specimen RX, a thermally cycled specimen (see 14.4.9 for selection procedure for Specimen RX).

Collectively, the above two specimens are referred to as limit-strain specimens (3.25).

Both limit-strain specimens should be subjected to the optional Task 4.4.1 Localized Strain Seepage if

that task

If Task 4
14.2.3 an
their sec

14.6.4 Sicope of limit-strain test

14.6.4.1

Fundamsd
increasin
on each
applicati
442isp

gas sealgbility checks, and only small internal pressure withiwater is applied to help detect failure.

both Tas
of the teg
part of th

Regardle
single se

The loadling sequence for the limit-strain test is specified in Table 26 and Table 27 in 14.6.6.2. The

loading ¢
various (
strain inf

a) Strain Interval 1 - tensile strain increases from zero to the average strain applied in the therm

cyclg
the g
4.4.2
seled
refer

is executed.

d their seepage ports drilled per 14.2.4. Any spares substituted for those specimens.shall ha
bndary seals similarly disabled and seepage detection ports similarly drilled.

Overall scope

4.1 is performed, then all limit-strain specimens shall have their secondary seals disabled ppr

ye

ntally, the limit-strain test consists of pulling a connection specinien to failure by graduallly
g the axial tensile strain at ambient temperature. The pull-to:failure loading is performed

[imit-strain specimen, regardless of the optional task selection. Unlike the tensile loading,

erformed, then each specimen is simply pulled to failute with no internal gas pressure and

k 4.4.1 and Task 4.4.2 are performed, then internal{gas pressure is applied in the initial stag
t when gas seepage is measured; and the pressure medium is switched to water for the latt
e test.

ss of the optional task selection, the limit-strain test can be completed on each specimen in
-up and with a continuous loading sequence.

onsists of progressively increasing tensile strains. In order to facilitate the test execution f

ervals:

test. Within that'sfrain range, the response of each limit-strain specimen can be compared
erformance ofthe specimens subjected to the thermal cycle test. If only the mandatory Ta

red to.ds “Comparative assessment range”.

b) Strai
this

If only the mandatory Task 4.4.2 is performed, then only structu

ptional task selections, the:total test-strain range from zero to failure is divided into thre

is performed,-then only structural integrity can be compared. If the optional Task 4.4.1 is al$
ted, then-sealability can be compared as well. In Table 26 and Table 27 this strain intervalli

bn of internal pressure depends on the choice of the taskoptions. If only the mandatory Tagk

0
If
S
P

N

n Interval 2 - tensile strain continues to increase to a localized strain value (defined later
ause), which is higher than the average therma ain experienced in the therma e te

ral integrity is assessed. If the

optional Task 4.4.1 is also performed, then gas sealability is measured as well. In Table 26 and Table
27 the strain interval corresponding to this part of the test is referred to as “sealability at strains
higher than average thermal strain”.

c) Strain Interval 3 - tensile strain continues to increase until structural failure occurs or a decrease
of axial force with increasing strain is observed. Regardless of the optional task choice, no gas
pressure is applied but small water pressure is. In Table 26 and Table 27 this strain interval is
referred to as “structural limit range”.
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Based on the above strain-interval definitions, the scope of the limit-strain test can be summarized as
follows:

— If only the mandatory Task 4.4.2 Tension Limit is performed, then each limit-strain specimen shall
be pulled from zero strain to failure, with no gas pressure but with small water pressure in Strain
Interval 1 and Strain Interval 2 and with or without water pressure in Strain Interval 3;

— If the optional Task 4.4.1 Localized Strain Seepage is performed in addition to the mandatory Task
4.4.2, then each limit-strain specimen shall be pulled from zero strain to failure, with application of
gas pressure and sealability checks in Strain Interval 1 and Strain Interval 2, and with or without
SMall water pressure in the strain intervat 3.

Constant-strain holds in each strain interval shall be performed as defined in 14.6.6.2((Table 26 and
Table 27).

14.6.4.2 Localized strain value

L¢calized strain value is selected to approximately correspond to the magnitude of pipe strain that might
b¢ experienced downhole by the casing pipe-connection assembly whenstrain localization ocgurs.

For the purpose of TWCCEP testing, the localized strain value shall be the greater of:

— three times the free axial expansion strain that would beinduced by temperature excursions
between the lower-bound temperature (5°C) and the uppér-bound temperature of the selefted ASL;

— 1.5 % pipe strain.

14.6.4.3 Tensile strain threshold

Alconnection subjected to increasing tensile strain might fail by material fracture or by threjad jump-
ouit. Whatever the mode of failure, the connectien’s design should maintain its structural integrfity under
stirains that are somewhat higher than the strains expected in field service, to allow for a rdasonable
sdfety factor. The TWCCEP adopts a tensile strain threshold (3.40) as the minimum tensile pipe strain
b¢low which the connection needs to@maintain structural integrity.

The tensile strain threshold shall be the greater of:

— five times the free axiallexpansion strain that would be induced by temperature excursions|between
the lower-bound temperature (5°C) and the upper-bound temperature of the selected ASL{

— 3 % pipe strain.

14.6.4.4 Strain.increments

Specimendoading in the limit-strain test is controlled by application of discrete strain increents, as
specifiediin Table 26 and Table 27 in 14.6.6.2.

In| Sthain Interval 1, each target strain can be achieved in a single strain increment consistentf with the
required loading.

In Strain Interval 2 and Strain Interval 3, each target strain shall be achieved by applying strain
increments Ae;, that shall be targeted to be equal to or less than 0.1 %.

If any applied strain increment differs from the target strain increment, then the next strain increment
shall be adjusted to compensate for the difference.
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14.6.5 Set-up and instrumentation

14.6.5.1 Test configuration

The limit-strain test can be performed in any test configuration that gradually applies tensile axial
strain to the test specimen.

If Task 4.4.1 is performed, the test configuration shall apply internal pressure with gas and seepage
monitoring (14.2.4). The volume of gas used to apply the internal pressure should be minimized, to
reduce the energy stored in the compressed gas. This might be achieved by use of an internal mandrel.

If an int¢rnal mandrel is used to minimize the gas volume, the mandrel shall not impede diametific
contraction of the test specimen, and shall not interfere with the axial load applied to the test specimen.

Figure 21 schematically illustrates a potential test set-up which accommodates the needs.6fboth Tasks
4.4.1 and[4.4.2. Only the test specimen and its internal and end fixtures are shown. An intérnal mandifel
with a pair of elastomeric seals is used to create a small annular space spanning the axial location jpf
the coupling. This annular space is filled with the gas test medium and connected®o an external gps
pressure|source through a length of small tubing. The remaining volume withifthe specimen is fill¢d
with liqujid (water). The gas and liquid pressures should be applied simultaneously to balance the loagls
acting o1} the elastomeric seals. The end fixtures include appropriate bleéd)ports to ensure all gasfis
vented frjom the remaining volume when it is filled with liquid.

End Small annular space Tubing for gas End

fixture filled with gas\'—‘ supply fixture
\ |_|\

EEE 1
\_/L\/ o
N <«—Liquid
s = —
Elastomeric Internal
seals mandrel

Figure 21==1llustrative set-up for limit-strain test

The end fixtures should be designed so that they are stronger than the test specimen, in order to allgw
straining of the test specimen beyond its ultimate strength without a risk of failure in the end fixtureg.

14.6.5.2 |Internal pressure

Gas pressure incthe’annular space inside the coupling (or integral connection) shall be applied with an
inert gas| sueh\as nitrogen. Internal liquid pressure in the remaining interior volume shall be appli¢d
with water,

For the test configuration illustrated in Figure 21, external test fixtures should be configured to ensure
that equal gas and liquid pressure will be applied simultaneously to the specimen interior so that there
is no net differential pressure across the elastomeric seals.

14.6.5.3 Average pipe strain

In Task 4.4, the average pipe strain in a limit-strain specimen is defined as the mean of the pipe-body
axial tensile strains in each casing pup belonging to that specimen.

The test set-up shall be configured so that the average pipe strain can be determined at each load step
required by the task execution procedure.
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The TWCCEP recommends that redundant strain measurements be adopted for determination of the
average pipe strain. Possible methods to provide redundant measurements are:

specimen connection(s) and converting this measurement to a “global” average strain, in
way as the average string strain (3.4) is determined in a thermal cycle test (see 14.4.6);

— use of strain gauges on each casing pup;

— calibration of stroke of the test frame’s actuator to average strain in the casing pups.

al

1
A
A

A

amd recorded/before and after each limit-strain test.

1

ayerage strain be treated as the measured strain.

for test maintenance periods:

is recommended that TWCCEP users consider the following cautions:
specimen fracture shock can be destructive to displacement-measuring instruments;

strain gauges typically have a strain measurement range up to 3 %-4 %, and additior
measurement techniques need to be employed for strains beyond that rangg.

redundant measurements of the average pipe strain obtained with variousanethods descrih
e inconsistent and their reconciliation is impossible or impractical, it isrfecommended that th

1.6.5.4 Data acquisition system
computerized data acquisition system shall be used.

5 @ minimum, the following data shall be acquired and\recorded continuously during the te

specimen elongation, if used to determine ayérage pipe strain;

average pipe strain, as derived from theabove elongation measurement, and/or directly 1
by strain gauges, or other method;

axial stroke of the test frame’s actuator;

axial force;

internal pressure, whemapplied;

seepage from eachreonnection, when measured;
date and time

ditionally, pipe’diameters midway between each connection and the end fixtures shall be 1

1.6,5.5Test frame and instrumentation checks

use of LVDTs or linear potentiometers measuring elongation over a defined interval including the

a similar

al strain

ed above
e “global”

bt, except

heasured

heasured

[

ftagrity of thao thact anccnpmalbhyg and Scnivanyg AF T ot bl e Hramaent
LY A

A\

pava¥el
CCSTICYy UT I tCo T aoSTITIOTy ot aCtuTaTy UT ISt OIicrcacrot oS o

here possible also verified, prior to test commencement.

As a minimum, the scope of the assembly checks shall include:

— instrumentation and measurements to be used for strain control;

— functioning of data acquisition system.

If the optional Task 4.4.1 Localized Strain Seepage is performed, the scope of checks shall also include:

— specimen pressure integrity;

— connectivity and clearance of seepage measurement lines.

©
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14.6.6 Test procedure

14.6.6.1

Specimen configuration and general requirements

Each limit-strain specimen shall be tested individually.

Specimen 1 and Specimen RX shall be tested in specific load step sequences, as described in Table 26
and Table 27 in 14.6.6.2. The differences in the load sequences for those two specimens result from the

fact that Specimen RX has been cycled and permanently deformed in the thermal cycle test (3.44), and is
submitted for the limit-strain test with some residual axial strain. Specimen 1 has only been subjected

to the ga

Each lim

Applied gtrain rate shall not exceed 0.1 %/minute.

If only the mandatory Task 4.4.2 Tension Limit is performed, the optional internal pressure shall 1
applied With water. If the optional Task 4.4.1 Localized Strain Seepage is performediin addition to t

mandato
pressure,
strain va|

14.6.6.2

Table 26
the loadi

Specimen RX in the thermal cycle test, so that structural and/orsealability responses of Specimen 1 and
Specimen RX can be compared at equivalent loading conditiens.

Table 27 [contains the load steps for the limit-strain test of Specimen RX. Some initial load steps in the
loading dequence of this specimen are consistent.with the final load steps previously applied to th|
specimen in the thermal cycle test, so that strucfural and/or sealability responses of that specimen
the two tlests can be compared at equivalent loading conditions, and also compared to the responses
Specimen 1.

Path indi
Symbols

Average

In load s
compres

equivalent stress equal-to 33 % of the pipe-body nominal yield strength at room temperature.

Zero-strain positiens 0”, 0’and 0 indicated in Table 26 are consistent with zero-strain positions describ¢
in 14.4.7.p.

All load dteps in Strain Interval 3 can be executed with or without internal water pressure.

ling resistance test, with no appreciable axial plastic strain imposed.

t-strain test shall be conducted at ambient temperature.

ry Task 4.4.2, the internal gas pressure shall be applied with nitrogensand the internal liqu
shall be applied with water while average pipe strain is less than,-or,equal to, the localizg
flue (See 14.6.4.2).

Load steps

contains the load steps for the limit-strain test of Specimen 1. Some initial load steps
g sequence of this specimen are consistent with thefinal load steps previously applied

ators (points P, Q, W, and X).indicated in Table 26 and Table 27 are consistent with Figure 1|
used in Table 26 and Table-27 are explained in 4.2.

bost-cycle strain ETTE shall be adopted according to 14.4.7.2.

bive and tensile,axial force that together with the capped-end pressure loading produc

fep 0.3 and load.step 0.4 in Table 26, axial forces -F33 ¢4 and +F33 ¢4, denote, respectively, the

e
e
d
pd

In
Lo

At
in
of

S

e d

The test may be terminated when the measured axial force decreases with strain for two consecutive
strain increments (i.e. a maximum of axial load is observed), although those two consecutive axial force
decreases might not be observed before a test specimen parts.
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14.6.7 Performance assessment

The following threshold performance requirements (3.45) are provided for reference purposes in
accordance with adopted principles for TWCCEP assessment criteria and result interpretation specified
in 6.3.6 and 6.3.10.

For Task 4.4.1 Localized Strain Seepage, instructing the evaluator to compare the test results with any

in

C(

a)
b)

in
it
p¢
in

a)

F
rxTet threshold performance requirements if all of the following conditions have been satisfi
nnections included in the limit-strain specimens, except any excluded connections:

the evaluation report.

r Task 4.4.1, the TWCCEP recommends that the candidate connection should be cornsidere

No structural failure occurs before average pipe strain equals the localized strain value;

Per-connection average seepage rate is measured and reported for all holds at constant s
than or equal to the localized strain value.

hy seepage that exceeds 0.06 mL/minute over any 15 min interval (I mL in 15 min) shall be i
the evaluation report (this threshold rate is consistent with ISO-13679; the TWCCEP does not
to be a pass-fail criterion, but specifies it as a reportable thréshold).

For Task 4.4.2 Tension Limit, the candidate connection. shall be considered to have met {
erformance requirements if all of the following conditions have been satisfied for all cor
cluded in the limit-strain specimens, except any excluded connections:

No structural failure occurs before the average pipe strain in each limit-strain specimer

the tensile strain threshold;

No decrease in axial force with incréase in average pipe strain (indicating a maximum in
force) is observed for two consecutive strain increments before the average pipe strain ex
tensile strain threshold.

1.6.8 Reporting

5 a minimum, reporting of Task 4.4 Limit-Strain Test shall contain the following items:

Identification of.cennection specimens submitted for this test;
Description of any excluded Connections, as required in 14.2.5;
Calculated localized strain value and tensile strain threshold;

Average post-cycle strain ETTE, used in testing;

£ configiiea

caonnection assessmentcriteriais nph'nn:l] atthe :\ccignpr'c discretion Thisdecision shallbe documented

1 to have

bd for all

[rain less

dentified
consider

hreshold
nections

exceeds

the axial
reeds the

seepage detection points (if applicable);

ac
TotTComTTguTda

ion, and

Photographs of the test set-up and at least one limit-strain specimen installed in the test frame;

Performed test frame and instrumentation checks;

Ambient temperature during testing of each specimen;

For each load step executed per Table 26 and Table 27: date and time, load step number, average

specimen strain, axial force, and internal pressure (if applied);

For each load step with a hold at stable conditions: hold duration, and average seepage rate
of 0.06 mL/min from each connection;
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