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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
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Introduction

This International Standard has been developed by users/purchasers and suppliers/manufacturers of packers
and bridge plugs and is intended for use in the petroleum and natural gas industry worldwide. This
International Standard is intended to give requirements and information to both parties in the selection,
manufacture, testing and use of packers and bridge plugs. Further, this International Standard addresses

supp

ier/manufacturer requirements that set the minimum requirements with which it is ne

essary that

supp

This
contr
spec

The
prefe
Qual

gradg provided. Additional quality requirements can be specified by the user/purchaser as

requi

Seve
to mq
equig
seve

It is mecessary that users of this International Standard be aware that requirements above thos

this

inten
equig
deve
any Vv

iers/manufacturers comply to claim conformity with this International Standard.

nternational Standard has been structured to allow for grades of increased requirements b
bl and design validation. These variations allow the user/purchaser to select the grade r
fic application.

three quality grades provide the user/purchaser with a choice of requirements to me
rence or application. Quality grade Q3 is the minimum grade of quality_effered by this prod
ty grade Q2 provides additional inspection and verification steps, and quality grade Q1 i

fements.

h standard design-validation grades (VO to V6) provide the user/purchaser with a choice of
et a specific preference or application. Design validation‘grade V6 is the minimum grade ar
ment where the validation method has been definedthy the supplier/manufacturer. The co
ity of the validation testing increases as the grade number decreases.

nternational Standard can be needed for, individual applications. This International Sta
Hed to inhibit a supplier/manufacturer_from offering, or the user/purchaser from acceptin
ment or engineering solutions. ThiS,*can be particularly applicable where there is i
oping technology. Where an alternative is offered, it is necessary that the supplier/manufag
ariations from this Internationa] Standard.

oth in quality
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INTERNATIONAL STANDARD ISO 14310:2008(E)

Petroleum and natural gas industries — Downhole
equipment — Packers and bridge plugs

1 $cope

This [International Standard provides requirements and guidelines for packers and bridge plugs as defined
herein for use in the petroleum and natural gas industry. This International Standard provides requirements for
the flinctional specification and technical specification, including design, design verification anjd validation,
matefials, documentation and data control, repair, shipment, and storage. In addition; products cqvered by this
International Standard apply only to applications within a conduit. Installation and maintenapce of these
products are outside the scope of this International Standard.

2 ormative references
The following referenced documents are indispensable forthe application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the¢ referenced
docupent (including any amendments) applies.

ISO 2859-1, Sampling procedures for inspection by* attributes — Part 1: Sampling schemeq indexed by
acceptance quality limit (AQL) for lot-by-lot inspection

ISO 3601-1, Fluid power systems — O-rings — Part 1: Inside diameters, cross-sections, tolerances and
designation codes

ISO 3601-3, Fluid power systems —.0-rings — Part 3: Quality acceptance criteria
ISO 9000, Quality managemeiit systems — Fundamentals and vocabulary

ISO 9712, Non-destructive-testing — Qualification and certification of personnel
ISO 11960, Petroledm)and natural gas industries — Steel pipes for use as casing or tubing for wglls

ISO 15156, (allyparts), Petroleum and natural gas industries — Materials for use in H}S-containing
envirpnments-in oil and gas production

3 erms and definitions

For the purposes of this document, the terms and definitions given in ISO 9000 and the following apply.

3.1
assembly
product comprised of more than one component

3.2

bridge plug

mechanical device installed in, and used for blocking fluid (liquid or gas) communication in, the conduit and
not installed in a designed receptacle

© 1SO 2008 — All rights reserved 1
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3.3
casing

pipe extending from the surface and intended to line the walls of a drilled well

3.4
casing size

nominal casing outside diameter (OD) as specified in ISO 11960

3.5
component

individual part of an assembly

3.6
conduit
casing, tubin

3.7
design valid

h or liner, either metallic or non-metallic

ation

process of poving a design by testing to demonstrate conformity of the product to design requirements

NOTE Sq
[ISO/TS 290

3.8
design verif

ven standard design validation grades (V6 to VVO) are specified in 6.5.

1]

cation

process of ¢xamining the result of a given design or developmeént activity to determine conformity

specified req

NOTE Th
[ISO/TS 290
3.9

drift diameter

minimum ins
inspection, a

3.10

end connec
thread or oth

3.11

Lirements
ese activities are described in 6.4.

1]

ide diameter (ID) of a packer; expressed as the OD of the drift bar utilized during asse
5 outlined in 7.4.11

ion
er mechanism connecting the packer or bridge plug to the conduit

exposed component

flow-wetted
fluid below th

component (3.13), internally wetted component (3.18), and/or component contacted by
e-paeking element

3.12

extrusion gap
radial gap between the maximum rated casing ID and the minimum OD immediately adjacent to the packing

element

3.13
flow-wetted

component (3.5) that comes in direct contact with the dynamic movement of well fluids in the flow stream

3.14
gauge OD

component

maximum specified product OD

with

mbly

well
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grade
category or rank given to different requirements for quality or design validation

3.16

heat-traceable
traceable to a unique heat treatment (heat) of material

3.17

inflatable packing element
packer or bridge plug packing element energized to form a seal by applying fluid pressure directly to the

elem

At

3.18
inter

CTTC

hally wetted component

flowqwetted component (3.13) and any component out of the flow stream, but eontacted |
through a port or other passage to the flow-wetted area

3.19

job lot

batch of material or components that have undergone the same process 6r series of processes
3.20

job-lpt traceable

(parts) identifiable as originating from a job lot that designates the included heat(s)

3.21

liner

pipe that does not extend from the surface and is intended to line the walls of a drilled well

3.22

mandrel

component(s) of a packer that contain(s) the’end connections and provide(s) a conduit through th

3.23

manufacturing

proce
com
the s

NOTEH
comp

3.24
NAC
pack

ss and actions performed by’an equipment supplier/manufacturer that are necessary to prd
onent(s), assemblies and Telated documentation that fulfil the requests of the user/purchas
andards of the supplier/manufacturer

Manufactuting begins when the supplier/manufacturer receives the order and is completed at tH

bnent(s), assemblies and related documentation are surrendered to a transportation provider.

E service
prs Or bridge plugs whose type 1 components (3.41) are manufactured from materials tha

ISO 1

y well fluids

e packer

vide finished

ber and meet

e moment the

comply with

5156 (Q” pnrtc)

3.25

non-conformance
non-fulfilment of a specified requirement

3.26

packer
mechanical device with a packing element (3.27), not installed in a designed receptacle, used for blocking
fluid (liquid or gas) communication through the annular space between conduits by sealing off the space
between them

©I1SO
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3.27

packing element
seal on a packer (3.26) or bridge plug (3.2) that blocks fluid communication by sealing on the ID of the

conduit

3.28

performance envelope
graph that illustrates the combined effects of differential pressure and axial loads on a packer or bridge plug at
the rated temperature

3.29
permanent
permanent
bridge plug
necessitating

3.30
pressure rey
change in th
versa

3.31
qualified pe

individual with characteristics or abilities gained through training or expetience, or both, as measured ag

established
effectively

3.32

repositiona
repositiona
bridge plug
(3.33) and |
establishing

3.33
retrievable [
retrievable L
bridge plug
substantially

3.34
seal
device providg

r

ridge plug
(3.2) or packer (3.26) that has no design feature for intact removal from the-co
substantial destruction for its removal

yersal
e direction of the pressure differential across the packing element from™above to below o

f'son

equirements, such as standards or tests that enable the individual to perform a required fur

le packer

le bridge plug

(3.2) or packer (3.26) that meets the definition of retrievable packer (retrievable bridge
as a design feature facilitating its relocation inside the conduit (without removal) whi
ts intended function

acker
ridge plug
(3.2) or packer (3.26)that has a design feature facilitating its removal from the cqd

intact

ing a barrier'to the passage of liquid and/or gas

3.35
shear devic

component neignnr{ to disconnect under a predetermined load

nduit,

vice

ainst
ction

plug)
e re-

nduit

3.36

standard service
packer (3.26) or bridge plug (3.2) whose components might or might not be manufactured from materials
that comply with ISO 15156 (all parts)

3.37
substantive

design change

change to the design, identified by the supplier/manufacturer, that affects the performance of the product in

the intended

service condition

© 1SO 2008 — All rights re
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temp
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erature-cycle range

specified range of temperature fluctuation over which the product is designed to operate

NOTE The temperature-cycle range is applicable anywhere within the product’s temperature range.

3.39

temperature range
specified range of temperature over which the product is designed to operate

3.40
tubin

pipe
3.41
type
(weld
pack
3.42

type
(weld

AQL

cocC

MTR
NDE
oD

QC

5 1|

5.1

El
blaced within a well to serve as a production or injection conduit

1 component
) component that isolates pressure and/or may be loaded in tension as the result of axial
br or bridge plug during run-in, setting, in situ, or retrieval

2 component
) component that does not meet the criteria of a type 1 component+(3.41)

Symbols and abbreviated terms
Acceptance quality limit

Certificate of compliance

Inside diameter

Material test report

Non-destructive examination
Outside diameter

Quality control

Functional specification

General

loads on the

The USer/purchaser shall prepare a funciional specitication for ordering products that con

form to this

International Standard and specify the following requirements and operating conditions, as applicable, and/or
identify the supplier's/manufacturer's specific product. These requirements and operating conditions may be
conveyed by means of a dimensional drawing, data sheet or other suitable documentation.

5.2

Type description

The user/purchaser shall specify, as applicable, the following type:

— packer or bridge plug;

— permanent, retrievable or repositionable.

©I1SO
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5.3 Well parameters

The user/purchaser shall specify, as applicable, the following well parameters:

— dimensions, material, grade of the casing and tubing;

— end con

nections above/below the packer or bridge plug;

— well angle from the vertical at the setting position of the packer or bridge plug;

— deviations and restrictions through which the packer or bridge plug is required to pass;

— configur
pass thr

— relationg

drawing

— expecte

bugh or by-pass the packer;

if applicable;

temperatures, changes in temperatures and flow rates;

— any othgr relevant well parameter(s).

5.4 Opergtional parameters

The user/purchaser shall specify, as applicable, any of the following-operational parameters:

— installati

bn method, including conveyance method and_setting method;

— setting depth;

— retrievin

— anticipafed loading conditions, including. combined loading (pressure, tension/compression) and to

applied {o the packer or bridge plug(phior to and during setting, during use and during retrieving;

— expecte

j or repositioning method and numberof repositionings, if applicable;

| setting temperature and ‘anticipated temperature cycle during well operations;

— size, type and configuration/of devices that will be run through the packer, if applicable;

— any othgr relevant operational parameters.

5.5 Envirpnmental compatibility

5.5.1 General

hip of packer or bridge plug with other well devices/tubing/casing by means of,a*well sche

btion of tubing (single or multiple strings) and other lines (electrical/hydraulic) that are requilled to

matic

I minimum and maximum values of production/injection pressures,—pressure differentials,

rque,

If the user/purchaser has access to the corrosion property data of the operating environment based on
historical data and/or research, he shall state to the supplier/manufacturer which material(s) has/have the
ability to perform as required within the corrosion environment per the requirements of 5.5.3, as applicable.
Otherwise, material compatibility shall be specified according to 5.5.2.

5.5.2 Well

environment

The user/purchaser shall identify the density, chemical/physical composition, and the condition of the fluid
and/or its components, including solid (sand production, scale, etc.), liquid and/or gaseous, to which the
packer or bridge plug is exposed during its expected life cycle.

© 1SO 2008 — All rights reserved
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5.5.3 Material designation

5.5.3.1

5.5.3.2

5.6

The
requ
that

following:

5.7

The

seven standard design validation grades (V6 to VO0), as defined in 6.5.

5.8

The
grad

6

6.1

standard service (3.36);

NACE service (3.24).

flow-wetted components (3.13);

If the user/purchaser chooses to specify materials, the following designations may be used:

Material selection may be made for a group of components using the following designations:

internally wetted components (3.18);
g¢xposed components (3.11);

¢ther components.

Compatibility with related well equipment

irements, free-passage requirements, and external/internal dimensional limitations necess4
the product will conform to its expected application. The usér/pdrchaser shall identify, as a

top and bottom tubular connection(s) and the matérial and dimensions of the connec
¢onduit(s);

internal receptacle profile(s), bore dimensions(s), outside diameter, inside diameter and tH
Ipcations;

gize, type and configuration of other products and conduits used in connection with this prody

Design validation

ser/purchaser shall specify the required design validation grade. This International Stang

Quality contro}

ser/purchaser shall specify the required quality grade. This International Standard provides
s (Q3,.Q2vand Q1) of quality control, as defined in 7.4.

user/purchaser, where applicable, shall specify the interface~’connection designs and material

ry to ensure
bplicable, the

tions to the

e respective

ct.

ard provides

three quality

- . g -
Fechnical-specification

General

The supplier/manufacturer shall prepare a technical specification that conforms to the requirements defined in
the functional specification. If the technical specification does not fully meet the functional requirements, the
supplier/manufacturer shall identify the differences to the user/purchaser. The supplier/manufacturer shall also

prov

ide the user/purchaser with the product data sheet, as detailed in 7.2.3.

© 1SO 2008 — All rights reserved
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6.2 Technical characteristics

The following criteria shall be met.

intervention defines otherwise. Exceptions to this are the effects of casing failure.

specification.

Where applicable, the packer/bridge plug shall not compromise well intervention operations.

The packer/bridge plug shall locate and seal at the specified location and remain so until intentional

While located and in service, the packer/bridge plug shall perform in accordance with the functional

6.3 Desigh requirements

6.3.1

Products cor
are substant

Gengdral

forming to this International Standard shall be manufactured to drawings and. specification
ally the same as those of the same size, type and model product that was validated.

6.3.2 Desi

Design of p
This docum
comparison
drawings anq

6.3.3 Mate

6.3.3.1

Materials (b
supplier/man
functional sp
all materials

The user/pu
specification
state that thi
production/in

]

General

n documentation

ducts manufactured to this International Standard shall include‘documentation of those des
bntation shall include, as applicable, design requirements,\assumptions, analysis met
with previous designs or operating history of similar . products, calculations, manufac

5 that

igns.
hods,
uring

specifications, design reviews and/or physical testing results (such as design validation tes{ing).

rials

bth metallic and non-metallic) and/or._the service being provided shall be stated b
ufacturer and shall be suitable for<the class of service and the environment specified i
ecification. The supplier/manufacturer shall have documented specifications for all materials
Lised shall comply with the supplier's/manufacturer's documented specifications.

chaser may specify materials for the specific use and corrosion environment in the func
If the supplier/manufacturer proposes to use another material, the supplier/manufacturer
5 material has perfafmance characteristics suitable for all parameters specified in the we
ection parameters.

the
n the
, and

tional
shall
| and

6.3.3.2 Metals
6.3.3.2.1  $pecifications
The suppliers/manufacturer's specifications shall define the following:
a) chemical composition limits;
b) heat treatment conditions;
¢) mechanical property limits:
— tensile strength;
— vyield strength;
— elongation;
— hardness.
8 © IS0 2008 - Al rights re

served
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6.3.3.2.2 Mechanical property verification

When required by the quality grade, the mechanical properties for type 1 metal components shall be verified
by tests conducted on a material sample produced from the same heat of material. The material sample shall
experience the same heat treatment process as the component it qualifies. Material subsequently heat-treated
from the same heat of material shall be hardness-tested after processing to confirm compliance with the
hardness requirements of the supplier's/manufacturer's specifications. The hardness results shall verify
through documented correlation that the mechanical properties of the material tested meet the properties
specified. The heat treatment process parameters shall be defined in a heat treatment procedure. Hardness
testing is the only mechanical property test required after stress relieving. Material test reports provided by the
material supplier/manufacturer are acceptable documentation when validated.

6.3.3]3 Non-metals
The $upplier's/manufacturer's documented specifications for non-metallic compounds shall’ inclyde handling,
storape and labelling requirements, including the cure date, batch number, compound-identificatjon and shelf
life, appropriate to each compound, and shall define those characteristics criticalnto’the perfornance of the
matefial, such as

a) ¢ompound type;

b) 1nechanical properties, as a minimum:

+ tensile strength (at break);

— elongation (at break);
+ tensile modulus (at 50 % or 100 %, as applicable);
c) ¢ompression set;

d) durometer hardness.

6.3.4| Performance rating

The s$upplier/manufacturer shall ‘state the pressure, temperature and axial performance ratings, @s applicable
for the products. For packers and bridge plugs validated to grade V4 through grade VO, a rated |performance
envelope is required.

An example envelopéiis’illustrated in Figure 1. The area within the boundaries defines the rated|performance
envelope. The lines<forming the boundary of the envelope are defined as the maximum operatignal limits for
the ppcker or bridge plug. Metal mechanical properties over the temperature range shall be congidered when
determining performance ratings.

Ratedl performance envelopes shall meet the following criteria.

— The rated performance envelope shall represent the supplier's/manufacturer's maximum ratings.

— “Above” and “below” on the pressure axis are defined as above and below the product and not internal to
the product. If the envelope includes ratings based on pressure internal to the product, this shall be
specified with the envelope or handled as an additional graph.

— Products with IDs shall be represented with the ID not plugged unless specified with the envelope.

— Shear devices shall be represented at 100 % of their minimum shear value.

— The ratings of the end connections shall not be included.

© 1SO 2008 — All rights reserved 9
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be applicable over this entire specified ID range.

Axis and sign convention shall be oriented as shown in Figure 1.

The product(s) covered by the envelope shall be specified with the envelope.

The minimum and maximum casing or tubing IDs shall be specified with the envelope. The envelope shall

More than one graph may be displayed with the envelope if a legend is included for explanation. For
example, various shear device options can be displayed, as shown in Figure 2.

Y1 1 .’ b ? Y2
X2 -14504 -10878 -7275 -3626 0 3 626 7 275 10878 14504 X2
Bt U V{0 o e s e e 5 S22
L A ]
dT B ’\\ N Td
30 00q |- T~ 7 67446
= \\ ]
20 000 44 964
10 00q - 1 22482
| A —]
0 0
- A
-10 000 - 22482
cl B k - lc
= A A ]
| ~e A
<0000 4L L1111l b P b Pl T b il a4 9p4l—e
X1 J100  -75 - 50 - 25 0 25 50 75 100 X1
Y{r -+ = 1Y2
Key
X1 presure, gxpressed in.megapascals a  Above.
X2 pressure, expressedhin pounds per square inch b Below.
Y1 force, expfessed'in decanewtons ¢ Compression.
Y2 force, expressed in pounds d  Tensile

NOTE

10

Points labelled “A” are intersection points of two or more operational limits.

Figure 1 — Example of a rated performance envelope
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30000 T T T T T T T T T T T [T T T[T T T1] 67446—
dT 20 000 - _ _ 7L - 44 964 Td
10 000 .............. ? ......... /. ......... / ........... /- .................................... 2 2 482
N 1 2 4 v
0 0
10000 [—! 1 122482
20000 - \ | 144 964
30 000 \\ 167 446
B \ _
cl 40 000 B \ ] 4189 928 lc
SO 7 Ve N T Y TS ] T T Y M B PP S
X1 -80 - 60 - 40 -20 0 20 40 60 80 X1
Y11 <+ = Y2
Key
X1 plesure, expressed in megapascals 3 envelope for 20 000 daN (44 964 Ib) shear rjng
X2 plessure, expressed in pounds per squaresinch 4 envelope for 25 000 daN (56 205 Ib) shear njng
Y1 fqrce, expressed in decanewtons a  Above.
Y2 fqrce, expressed in pounds b Below.
1 epvelope for 10 000 daN (22 482-b) shear ring € Compression.
2 epvelope for 15 000 daN (33,723 Ib) shear ring d  Tensile.
Figure 2 — Example of shear device options
6.4 | Design verification
Design-verification shall be performed to ensure that each packer and bridge plug desigh meets the
suppliees/manufacturer's technical specifications. including conveyance and removal methods/fools. Design

verification includes activities such as design reviews, design calculations, comparison with similar designs
and historical records of defined operating conditions. Verification results shall be approved by a qualified
person and records of the results shall become a portion of the design documentation.

6.5

6.5.1

Design validation requirements

General

This International Standard specifies seven grades of design validation for which the product shall be supplied.
Products shall be supplied to at least the design validation grade specified.

©180
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The supplier/manufacturer shall document the validation test procedure and results and shall have on file
material specifications and drawings that show all the applicable dimensions and tolerances of parts contained
in the validation-tested product. Pre-test and post-test dimensional inspection of critical operational areas, as
determined by the supplier/manufacturer, shall be conducted, documented and maintained by the
supplier/manufacturer. Validation test results and dimensional inspection results shall be approved by a
qualified person other than the person performing them and records of the results shall become a portion of

the design documentation.
The validation grades are the following:

— V6: supplier/manufacturer-defined;

— V5 liquid test;

— V4: liquid test plus axial loads;

— V3. liquid test plus axial loads plus temperature cycling;

— V2: gas fest plus axial loads;

— V1: gas fest plus axial loads plus temperature cycling;

— VO0: gas fest plus axial loads plus temperature cycling plus zero bubbleacceptance criterion.
Bridge plugs|may be run and tested without axial load; however, all validation grades are applicable.

Products qualified to higher grades of design validation may be'considered qualified for the lower grad

design validgtion in accordance with Table 1.

Packers or bridge plugs validated to grade V5 through grade VO shall not be rated for use in casing or t
sizes and mgsses (weights) that can have a maximumD larger than the ID used in the validation test.

Table 1 — Design validation grade hierarchy

Design validation grade Grades covered
VO VO, V1, V2, V3, V4, V5 and V6
V1 V1, V2, V3, V4, V5 and V6
V2 V2, V4, V5 and V6
V3 V3, V4, V5 and V6
V4 V4, V5 and V6
V5 V5 and V6
V6 V6

es of

Libing

6.5.2 Validation test requirements

6.5.2.1 General

The supplier/manufacturer shall document all parameters and results of the evaluations that demonstrate
conformance to the validation grade. Test data shall identify the leak rate for the duration of the subject test. If

no leakage occurred, this shall be clearly stated.

12
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6.5.2.2 Grade V6 — Supplier/manufacturer-defined

The supplier/manufacturer defines the validation method and acceptance criteria.

6.5.2.3 Grade V5 — Liquid test

The supplier/manufacturer shall adhere to the following test parameters and criteria for conformance to this

valid

ation grade.

— Set in maximum rated casing or tubing ID + 0,76 mm (= 0,030 in) (see 6.5.1).

6.5.2|14 Grade V4'— Liquid plus axial load test

The
valid

the test fixture to prevent movement in the un-anchored direction(s).

et with the minimum rated setting force or pressure (£ 10 %).

est products with inflatable packing elements horizontally. Centralization at one end of'the
cceptable.

Products with no anchoring devices or anchoring devices that hold in one direction may be

$et and run entire test at or above maximum rated temperature.
Test at or above maximum rated differential pressure.

Perform a minimum of two pressure reversals at or above maximum rated pressure from aj
or vice versa.

Use a liquid test medium of water, with or without additives, or hydraulic oil. The density shal

lug a small leak.
aintain a minimum hold period of 15 min for pressure tests.

cceptance criterion: no more than 1 % reduction in the maximum rated differential press

test fixture is

restrained by

ove to below

be less than

1 100 kg/m3 (68,67 Ib/ft3). Liquid shall be visibly‘free from particulate matter or other matgrial that can

ure over the

old period after sufficient time.has been allowed for stabilization. Time period for stabilizgtion is at the

dliscretion of the supplier/manufacturer.

WUse the supplier's/manufacturer's specified methods to remove the retrievable-type packers
at the end of the testt

supplier/manufacturer shall adhere to the following test parameters and criteria for conforn

bridge plugs

hance to this

Ition grade.

et’in maximum rated casing or tubing ID £ 0,76 mm (+ 0,030 in) (see 6.5.1).

Set with the minimum rated setting force or pressure (£ 10 %).

Test products with inflatable packing elements horizontally. Centralization at one end of the
acceptable.

Products with no anchoring devices or anchoring devices that hold in one direction may be
the test fixture to prevent movement in the un-anchored direction(s).

Set and run the entire test at or above the maximum rated temperature.

Test at or above the maximum rated differential pressure.

© 1SO 2008 — All rights reserved
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6.5.2.5 Grade V3 — Liquid plus axial loads plus temperature cyclingtest

Perform a minimum of two pressure reversals at or above the maximum rated pressure from above to
below or vice versa.

Test to all intersection points of the rated performance envelope.

Test those packers or bridge plugs having shear-release features at their maximum rated shear load. For
safety, the shear device can be replaced with a stronger shear device that can adequately withstand the
maximum shear load.

Use a liquid test medium of water, with or without additives, or hydraulic oil. The density shall be less than
1 100 kg/m3 (68,67 Ib/ft3). Liquid shall be visibly free from particulate matter or other material that can
plug a smattteak:

Maintainf @ minimum hold period of 15 min for pressure tests.

Acceptance criterion: no more than 1 % reduction in the maximum rated differential pressure ovér the
hold period after sufficient time has been allowed for stabilization. The time period for-stabilization| is at
the discietion of the supplier/manufacturer.

Use the|supplier's/manufacturer's specified methods to remove the retrievable<type packers/bridge plugs
at the end of the test.

The supplierfmanufacturer shall adhere to the following test parameters and criteria for conformance tp this

validation grade.

14

Set in mpximum rated casing or tubing ID = 0,76 mm (£ 05030 in) (see 6.5.1).
Set with[the minimum rated setting force or pressure, (+ 10 %).

Test products with inflatable packing elements.horizontally. Centralization at one end of the test fixtpre is
acceptable.

Product$ with no anchoring devices-er;anchoring devices that hold in one direction may be restraingd by
the test fixture to prevent movement-in the un-anchored direction(s).

Set and Jrun the entire test, exeept temperature cycling, at or above the maximum rated temperature.
Test at gr above the maximum rated differential pressure.

Perform|a minimdm ‘of two pressure reversals at or above the maximum rated pressure from abgve to
below o1 vice versa.

Test to gllintersection points of the rated performance envelope.

Test those packers or bridge plugs having shear-release features at their maximum rated shear load. For
safety, the shear device can be replaced with a stronger shear device that can adequately withstand the
maximum shear load.

Test a minimum of one temperature cycle. Start the temperature cycle at or above the maximum rated
temperature and cool down by at least the maximum rated temperature-cycle range. A pressure hold is
required at the low end of the temperature-cycle range and after heating back up to the maximum rated
temperature.

Use a liquid test medium of water, with or without additives, or hydraulic oil. The density shall be less than

1100 kg/m3 (68,67 Ib/ft3). Liquid shall be visibly free from particulate matter or other material that can
plug a small leak.
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— Maintain a minimum hold period of 15 min for pressure tests.

— Acceptance criterion: no more than 1 % reduction in the maximum rated differential pressure over the
hold period after sufficient time has been allowed for stabilization. The time period for stabilization is at
the discretion of the supplier/manufacturer.

— Use the supplier's/manufacturer's specified methods to remove the retrievable-type packers/bridge plugs
at the end of the test.

6.5.2.6 Grade V2 — Gas plus axial load test

The iupplier/manufacturer shall adhere to the following test parameters and criteria for confermance to this
validation grade.

— $et in maximum rated casing or tubing ID + 0,76 mm (= 0,030 in) (see 6.5.1).

— $et with the minimum rated setting force or pressure (+ 10 %).

— Test products with inflatable packing elements horizontally. Centralization-at one end of the [test fixture is
cceptable.

— Products with no anchoring devices or anchoring devices that hold in one direction may be festrained by
e test fixture to prevent movement in the un-anchored directjon(s).

— $et and run the entire test at or above the maximum rated\temperature.
— Test at or above the maximum rated differential pressure.

— [Perform a minimum of two pressure reversals at or above the maximum rated pressure flom above to
elow or vice versa.

— Test to all intersection points of the rated performance envelope.

— Test those packers or bridge plugs having shear-release features at their maximum rated shear load. For
gafety, the shear device canbe replaced with a stronger shear device that can adequately yithstand the
maximum shear load.

— Wse a gas test medium) of air, nitrogen or other gas or mixture of gases.

— Maintain a minimum hold period of 15 min for pressure tests.

— Acceptanée)criterion: no more than 20 cm3 of gas accumulated in a graduated cylinder gver the hold
eriod_after sufficient time has been allowed for stabilization. The time period for stabilization is at the
iscretion of the supplier/manufacturer. The bubble rate shall not increase during the [hold period.
faduated cylinders for accumulated gas shall be at atmospheric pressure.

— Use the supplier's/manufacturer's specified methods to retrieve the retrievable packers/bridge plugs at the
end of the test.

6.5.2.7 Grade V1 — Gas plus axial loads plus temperature cycling test

The supplier/manufacturer shall adhere to the following test parameters and criteria for conformance to this
validation grade.

— Set in maximum rated casing or tubing ID + 0,76 mm (+ 0,030 in) (see 6.5.1).

— Set with the minimum rated setting force or pressure (+ 10 %).
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Test products with inflatable packing elements horizontally. Centralization at one end of the test fixture is
acceptable.

Products with no anchoring devices or anchoring devices that hold in one direction may be restrained by
the test fixture to prevent movement in the un-anchored direction(s).

Set and run the entire test, except temperature cycling, at or above the maximum rated temperature.
Test at or above the maximum rated differential pressure.

Perform a minimum of two pressure reversals at or above the maximum rated pressure from above to
below orviee-versa-

Test to gll intersection points of the rated performance envelope.

Test thoge packers or bridge plugs having shear-release features at their maximum rated.shear load. For
safety, the shear device can be replaced with a stronger shear device that can adequately withstarld the
maximuin shear load.

Test a minimum of one temperature cycle. Start the temperature cycle at or, above the maximum [rated
temperature and cool down by at least the maximum rated temperature-cyéle range. A pressure hpld is
required| at the low end of the temperature-cycle range and after heating back up to the maximum |rated
temperature.

Use a gas test medium of air, nitrogen, or other gas or mixture of gases.
Maintainf @ minimum hold period of 15 min for pressure tests.

Acceptahce criterion: no more than 20 cm3 of gas accumulated in a graduated cylinder over thel hold
period after sufficient time has been allowed for stabilization. The time period for stabilization is at the
discretion of the supplier/manufacturer. The bubble rate shall not increase during the hold pegriod.

Graduatgd cylinders for accumulated gas shall be at atmospheric pressure.

Use the|supplier's/manufacturer's specified methods to remove the retrievable-type packers/bridge plugs
at the end of the test.

6.5.2.8 Grade VO — Gas plus axial loads plus temperature-cycling test plus zero-bubble acceptance

criterion

The supplierfmanufacturer shallyadhere to the following test parameters and critera for conformance tp this

validation grade.

16

Set in mpximum rated casing or tubing ID = 0,76 mm (£ 0,030 in) (see 6.5.1).

Set with|the minimum rated setting force or pressure (£ 10 %).

Test products with inflatable Insmking elements hnri7nn12|ly Centralization at ane end aof the test fixtlire is
acceptable.

Products with no anchoring devices or anchoring devices that hold in one direction may be restrained by
the test fixture to prevent movement in the un-anchored direction(s).

Set and run the entire test, except temperature cycling, at or above the maximum rated temperature.
Test at or above the maximum rated differential pressure.

Perform a minimum of two pressure reversals at or above the maximum rated pressure from above to
below or vice versa.

Test to all intersection points of the rated performance envelope.
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— Test those packers or bridge plugs having shear-release features at their maximum rated shear load. For
safety, the shear device can be replaced with a stronger shear device that can adequately withstand the
maximum shear load.

— Test a minimum of one temperature cycle. Start the temperature cycle at or above the maximum rated
temperature and cool down by at least the maximum rated temperature-cycle range. A pressure hold is
required at the low end of the temperature-cycle range and after heating back up to the maximum rated
temperature.

— Use a gas test medium of air, nitrogen, or other gas or mixture of gases.

— Maintain a minimum hold period of 15 min for pressure tests

— Acceptance criterion: zero bubbles of gas accumulated in a graduated cylinder over the holfli period after
ufficient time has been allowed for stabilization. The time period for stabilization is at'the disgretion of the
upplier/manufacturer. Graduated cylinders for accumulated gas shall be at atmospheric pregsure.

— Wse the supplier's/manufacturer's specified methods to remove the retrievablestype packersfbridge plugs
t the end of the test.

6.6 | Design changes

All dgsign changes shall be documented and reviewed against the design verification and design validation to
determine if the change is a substantive change (see 3.37). A design that undergoes a substanhtive change
becomes a new design requiring design verification as specified in 6.4 and design validation a$ specified in
6.5. Design changes identified as non-substantive shall include-documented justification.

The gupplier/manufacturer shall, as a minimum, considet.the following:

— gtress levels of the modified or changed componénts;

— 1naterial changes;
— nctional changes.

Changes to a component or serieshof components may be identified as a substantive changg and require
design validation. This may be done by testing only the component or series of components rather than the
entirg assembly. The test shall adequately simulate the loading conditions that would be present if the entire
assembly were tested. The supplier/manufacturer shall document the detailed test results and [analysis that
demgnstrate that the component test adequately simulates the required loading conditions. Evaldiation results
shall [be approved by a-qualified person (see 3.31) other than the person performing them, and records of the
resulfs shall become aportion of the design documentation.

6.7 | Designvalidation by scaling

6.7.1| /General

Within the same casing size or tubing size, scaling may be used to validate variations in a product family in
accordance with the requirements and limitations of 6.7.2 and 6.7.3. This applies to products validated to
grade V5 through grade VO in accordance with 6.5.

6.7.2 Product family for scaling
A product family is a group of assemblies that meets the following design requirements:
— configuration: the design principles for the geometry, materials and functionality are the same;

— design stress levels: the design stress levels in relation to material mechanical properties are based on
the same criteria.
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6.7.3 Limitations of scaling
Scaling is allowed to validate a product family within a given casing or tubing size with the following limitations.
— A validation test shall be run on the product with the largest extrusion gap (see 3.12).

— A validation test shall be run on the product(s) with the thinnest and thickest cross-section packing
element(s).

— Packing elements and anti-extrusion components shall be of the same geometry and materials as the
tested product.

— The ID ¢f the packing element(s) and OD of the component under the packing element(s) shall-be the
same aq the tested product.

— Scaling ghall not be used to cover products with higher pressure ratings, a higher temperature range, a

larger t¢mperature cycle range, higher axial load ratings or larger rating envelopes-than the tgsted
product.

6.8 Other|validations

Repositionalle packers and bridge plugs shall undergo supplemental validatién testing that includes resgtting
and testing i accordance with the requirements and acceptance criteria ofithe supplier/manufacturer.

6.9 Assembly verification

Each packer|and bridge plug assembly shall be verified in accordance with 7.4.11.

7 Supplier's/manufacturer's requirements

7.1 General

Clause 7 contains the detailed requirements’ necessary to verify that each product manufactured meefs the
requirementq of the functional and technical specifications. These include requirements for documentatiop and
data control, [product identification, quality control, functional testing, repair, redress, shipping and storage.

7.2 Documentation and data control

7.21 Gendral

The supplierfmanufacturer shall establish and maintain documented procedures to control all document$ and
data that relate™to the requirements of this International Standard. These documents and data shall be
maintained tp 'demonstrate conformance to specified requirements. All documents and data shall be lggible
and shall be stored and retained in such a way that they are readily retrievable in facilities that provide a
suitable environment to prevent damage or deterioration and to prevent loss. Documents and data may be in
any form or type of media, such as hard copy or electronic media. All documents and data shall be available
to, and auditable by, the user/purchaser.

All documentation and data associated with design verification, design validation and design change
justification shall be maintained for ten years after the date of last manufacture.

Quality-control documentation includes all documents and data necessary to demonstrate conformance to
7.4.1 through 7.4.15. Quality-control documentation shall be retained by the supplier/manufacturer for a
minimum of five years from date of manufacture. These shall be available to and auditable by the
user/purchaser.
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7.2.2 Operating manual

An operating manual shall be available for all products supplied in accordance with this International Standard.
Operating manuals shall contain at least the following information:

— manual reference number;

— operational procedures and related tools;

— pre-installation inspection procedures;

— gtorage recommendations;
— & representative drawing showing major dimensions (ODs, IDs and lengths);

— gpecial precautions and handling.

7.2.3| Product data sheet

Produict data sheets shall be supplied at delivery to the user/purchaser, as required in 6.1, and shall contain at
least|the following information, where applicable:

— mame and address of supplier/manufacturer;
— manufacturer product number;

— manufacturer product name;

— product type;

— product characteristics;

— gervice provided;

— netallic materials;

— non-metallic materials;

—  drift diameter;

— dauge ODb;

— qverall'length;

— temperature range;

— temperature cycle range for V3, V1, and VO0;
— rated performance envelope for V4 through VO0;
— pressure rating for V6 and V5;

— top connection(s);

— bottom connection(s);
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— casingo

— conveya

r tubing range, size and mass and/or minimum and maximum casing or tubing IDs;

nce method;

— maximum conveyance OD, inclusive of running/repositioning equipment, as applicable;

— setting method, including minimum (maximum, as applicable) setting force/pressure;

— retrieval

method (if retrievable);

— repositioning method (if repositionable);

— quality g
— design v
— operatin
7.3 Prodd
Each produg
supplier's/mg
method of a
minimum:

— manufag
— manufag
— date of 1
— quality g

— design v

— for quali

7.4 Qualit

rade;
alidation grade;

j manual reference number.

ct identification

t furnished to this International Standard shall be permanently”identified according t
nufacturer's specifications. The supplier's/manufacturer’s spegifications shall define the
pplication and location of the identifications. The following<information shall be included
turer's identification;

turer's product number;

hanufacture (month/year);

rade;

alidation grade;

y grade Q1, a unique serial and traceability number.

y control
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type,
as a
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Item Quality grade 2
Q3 Q2 Q1

Metallic material COC or MTR COC or MTR Verify MTR for type 1

components
COC or MTR for type 2

components

Non-metallic material COC or MTR COC or MTR COC or MTR

Castngs cocC coC cor

Heat|treatment

COC (subcontractor)

Job-lot verification
(supplier/manufacturer)

COC (subcontractor)

Job-lot verification
(supplier/manufacturer)

COC-(subcpntractor)

JobAot vefification
(supplier/manufacturer)

Heat treat cefrtificate for
type 1 components

Component traceability

Job-lot traceable for type 1

Job-lot traceable for type™1

Heat traceable for type 1

components components components
Component dimensions Sampling plan Sampling plan 100 % for type 1 components
Welding
Type]1 welds Visual Sutface NDE per Surface NOQJE 100 %
sampling plan and visual and vipual
Type|2 welds Visual Visual Visyal
Hardpess
Type]1 components None Sampling plan 1001|%
Type|2 components None None Norle
Component NDE
Type]1 components None Surface NDE per Surface NOQJE 100 %
sampling plan
Type|2 components None None Visyal

Shedr devices

Shear verification

Shear verification

Shear veiffication

Assembly verification None Functional test Functiorial test
ID drift ID dfift
OD dimepsional
Torque docymentation
Assembly traceability None None Assembly sgrialization

QC documentation

Supplier/manufacturer
retained

Supplier/manufacturer
retained

Supplier/manufacturer
retained

@  “None” indicates that there are no requirements listed in 7.4.2 through 7.4.15.
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