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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 tech

nical

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.
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electrotechnical standardization. A\
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The procedures used to develop this document and those intended for its further maintenanc

rs of

P are

described in the ISO/IEC Directives, Part 1. In particular the different approval criteri{h&ded for the

different types of ISO documents should be noted. This document was drafted in atcardance wit
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives). N\

[
1

»

Attention is drawn to the possibility that some of the elements of this docuni€fit¥'may be the subje
patent rights. ISO shall not be held responsible for identifying any or allsyiéh patent rights. Deta
any patent rights identified during the development of the document wilkbe in the Introduction ay
on the ISO list of patent declarations received (see Www.iso.orgzlgate{ts). :

Any trade name used in this document is information given for tb’e,convenience of users and doe
-

constitute an endorsement.
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For an explanation on the meaning of ISO specific terms and exptessions related to conformity assessient,

as well as information about ISO’s adherence to the WorldiTrade Organization (WTO) principles i
Technical Barriers to Trade (TBT) see the following URLWww.iso.org/iso/foreword.html.

The committee responsible for this document is ISG}TC 265, Carbon dioxide capture, transportation
geological storage. J
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Introduction

Carbon dioxide (CO2) capture and storage (CCS) has been identified as a key abatement technology
for achieving a significant reduction in CO, emissions to the atmosphere. Pipelines are likely to be the

prim
form

ary means of transporting CO2 from the point-of-capture to storage (e.g. depleted hydrocarbon
ations, deep saline aquifers), where it will be retained permanently or used for other purposes

[e.g. Enhanced 011 Recovery (EOR)] to av01d its release to the atmosphere Whlle there 1s a perceptlon

offshore pipelines. )

Tran|

ore pipelines for the transportation of CO to offshore storage sites are likely to becorre cemmon.

pbjective of this document is to provide requirements and recommendations of, dertain aspects
fe and reliable design, construction and operation of pipelines intended for the large scale
portation of COy that are not already covered in existing pipeline standar@s Such as I1SO 13623,
: B31.4, EN 1594, AS 2885 or other standards (see Bibliography). Existing/pipeline standards cover

y of the issues related to the design and construction of CO2 plpehne%hﬂwever there are some

bpecific issues that are not adequately covered in these standards., The,purpose of this document
cover these issues consistently. Hence, this document is not a stanc@lbne standard, but is written
a supplement to other existing pipeline standards for natural gaSet liquids for both onshore and

-

L . . : : !
sport of CO7 via ship, rail and road is not covered in this décifment.

-
':\\

S
N
% N
-
N>
'\‘/
O‘ |
=
t‘\
N\
N
\\

Vi

© ISO 2016 - All rights reserved



https://standardsiso.com/api/?name=e1e87b3c2f44f8b9c4bbd5ff8c734dcf

Single user license - Pro Tem Committtee on CCUS - No reproduction or circulation

IS0 27913:2016(E)

Ut

15 20
/

T 1 f———————— i —
S 5
19 I_gs_ _JI N
Key ’\“\\ )
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Figure 1 — Schematic illustration of the system boundaries of this document
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Carbon dioxide capture, transportation and geological
storage — Pipeline transportation systems

4 lal
I—S5cope

This document specifies additional requirements and recommendations not covered in existing pipeline
standards for the transportation of CO; streams from the capture site to the storage faci}i{yW‘vher p it is
primarily stored in a geological formation or used for other purposes (e.g. for EOR or CQzuse).

This document applies to N\
— rigid metallic pipelines, N

— pipeline systems, .
— onshore and offshore pipelines for the transportation of CO2 stregl‘fl‘s,

— conversion of existing pipelines for the transportation of COglsti‘eams,

¥

— pipeline transportation of CO; streams for storage or utillza’tion, and
— transportation of CO3 in the gaseous and dense phaS'eE.

The system boundary (see Figure 1) between cap'u\t’e\émd transportation is the point at the inlet yalve
of the pipeline, where the composition, temperature’and pressure of the CO2 stream is within a ceftain
specified range by the capture process or precésses to meet the requirements for transportation as
described in this document. \\

N
The boundary between transportatiom ahd storage is the point where the CO; stream leaves the

transportation pipeline infrastructureand enters the storage infrastructure.
v
This document also includes/aspects of COy stream quality assurance, as well as converging CO;

streams from different sour€ésy”

Health, safety and environihent aspects specific to CO2 transport and monitoring are considered.
¢
¥ DN

A s
2 Normativé references
The following“documents are referred to in the text in such a way that some or all of their content
constitut§?;\equirements of this document. For dated references, only the edition cited applied. For
undatec{‘re erences, the latest edition of the referenced document (including any amendments) applies.

ISO 8}?3'3:2012, Petroleum and natural gas industries — Steel pipe for pipeline transportation system}

SIS0 20765-2, Natural gas — Calculation of thermodynamic properties — Part 2: Single-phase propérties
{gus,; tiquid, amd derse ffuid ) forextended ranges of uppiication

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at http://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

© IS0 2016 - All rights reserved 1
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31
arrest pressure

internal pipeline pressure where there is sufficient mechanical strength to arrest or, there is not enough

energy to drive a ductile fracture (3.8)

3.2
COy stream
stream consisting overwhelmingly of carbon dioxide

3.3
corrpsion allowance

\

extra wall thickness added during design to compensate for any reduction in wall thickness by COR osuon

(intefrnal/external) during the design operational life \;

3.4 -~
critifal point \4

highest temperature and pressure at which a pure substance (e.g. CO2) can exist as agas and a liquid in

equilibrium S
X
Note 1 to entry: For a multicomponent fluid mixture of a given composition, the critjealpoint is the merge of the
bubble and the dew point curves. V'
~y
3.5 =\
critical pressure SO
vapolur pressure at the critical temperature (3.6) J
~N

Note [l to entry: The critical pressure for pure COy is 7,28 MPag.

o~

)

S

3.6
critical temperature
templerature above which liquid cannot be formed sn{'lply by increasing the pressure

Note [l to entry: The critical temperature of pure CO\Z i{s 304,03 K.

3.7 -
denge phase '
COy in its liquid or supercritical phases“f ’
3.8 »
ductile fracture

mechanism which takes place‘l{y the propagation of a crack or stress-raising features, linked with a

cons|derable amount of p}astlc deformation

Note [l to entry: A “ducnkfracture is sometimes referred to as “shear fracture”.

N

3.9 ~§~’

flow|coating, >

interfnal coiﬁhg to reduce internal roughness, and hence minimize friction pressure loss

.

3.10( &y

fracture arrestor

additional pipeline component that may be installed around portions of a pipeline designed to resist

propagating fractures
Note 1 to entry: Fracture arrestor is also called crack arrestor.

3.11
free water

water (pure water, water with dissolved salts, water wet salts, water glycol mixtures or other mixtures

containing water) not dissolved in the gaseous or dense CO; phase, i.e. a separate water phase

2 © IS0 2016 - All rights reserved
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3.12
internal cladding
pipe with internal metal liner where the bond between the line pipe and liner is metallurgical

3.13
internal lining
pipe with internal coating where the bond between the line pipe and coating is mechanical

314

maximum design temperature
highest possible temperature to which the equipment or system may reasonably be eXpose lgcally
during installation and operation Y
3.15 , \
maximum operating pressure

highest possible pressure to which the equipment or system may reasonably be éxposed locally during
installation and operation NG

N

A

3.16 <
minimum design temperature V
lowest possible temperature to which the component or system m‘&y reasonably be exposed lgcally
during installation and operation “\ v

-

3.17 LV
minimum operating pressure J

lowest possible pressure to which the equipment or.syStem may reasonably be experienced Idcally
during installation and operation \*

LR

3.18 WY

non-condensable gases !
chemical substances that are partially in the\%pour state at pipeline operating conditions

3.19 o
operating envelope ¢

limited range of parameters ovef, wh1ch operations will result in safe and acceptable performanjce of
the equipment or system durlqg gperatlon

3.20
pipeline commlsswnmg
activities associated with'the initial filling and pressurization of the pipeline system with the fluid ffo be

transported AN
3.21 o~
pipeline dehydration

process, of)témoving water from a COz stream (3.2) to a level below saturation such that the dgsign
maxima(for the transportation system can be achieved

w0
322"
(pipeline dewatering
rémoval of water after hydraulic testing of the pipeline system

3.23

rapid gas decompression

phenomenon brought about by a fluid migrating at a molecular level into a polymer, and collecting as a
bubble and bursting following pressure reduction

3.24
saturation pressure
pressure of a vapour which is in equilibrium with its liquid at a given temperature

Note 1 to entry: The term “saturation pressure” is also referred to as “saturation vapour pressure”.

© IS0 2016 - All rights reserved 3
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3.25
short-term storage reserve

accumulation of the fluid in a pressurized section of a pipeline additional to the fluid that is extracted

from the pipeline, for the purpose of temporary storage of that fluid

3.26
threat

activity or condition that alone or in combination with others has the potential to cause damage or

+1 o : — —d P | - AR I |
pI‘OleLc dIIOUICT TICSdUVE THIPDACUIT TTUOU dUC(uUdiCly CULILTOIICU

3.27 O
triple point -
templerature a'nd pressure at which three phases (gas, liquid and solid) of a substance cQéJx\lst in
therjnodynamic equilibrium 4
- }

4 $ymbols, abbreviated terms and units 3 &
4.1 | Symbols "7 N
Cy Notched-bar impact value of the pipeline steel (]) a C,\ !
Cef Correction factor (--) Q 4
E Young’s modulus (MPa) &3 g
Ac Test patch = 80 mm?2 A

)
of Flow stress (MPa) i —:
R Average pipe radius (mm) ”.\\\
t Minimum wall thickness of the pipe’ (\m'vm)
Oa Arrest stress (MPa) \:“ :
Ps Maximum saturation pressd;é fgauge pressure) in MPag; for pure CO; critical pressure = 7,28 MPag
oD External diametel:‘of Bh‘é pipe (mm)
4.2 | Abbreviated ter{ﬂs, vV
CCS Carboq dlt&xrfde Capture and Storage
EOR Enh(fl};zi 0Oil Recovery
GERG: ‘(}‘o‘upe Européen de Recherches Gazieres (European Gas Research Group)
IMP 5o/ Integrity Management Plan
MAOP Maximum Allowable Operating Pressure
PIG Pipeline Inspection Gauge
SCADA  Supervisory Control And Data Acquisition
SI Systéme International d'unités (International System of Units)
4 © IS0 2016 - All rights reserved
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4.3 Units

All units used in this document are SI units.

5 Properties of CO2, CO2 streams and mixing of CO2 streams influencing pipeline
transportation

5.1 General
\
It shall be considered in accordance with ISO 20765-2 that pure and impure CO; have properties'that can
be very different from those of hydrocarbon fluids and can influence all stages of the pipelgie'life cycle.
7/
The thermodynamic and chemical behaviour of pure COz can be found in literature;(see, for example,
Reference [50]). In the usual operating envelope for CO; transportation, the tempékature and pregsure
will vary and will be project-specific. CO2 can be in the gaseous or dense phaseoThere is a large chlange
in density between gaseous and dense phases when the COz3 is close to the safuratlon pressure, arnld for
this reason, operation close to the saturation condition should be av01deg

- V
In case two-phase flow cannot be avoided for any reason, it should be%x{en special consideration dfiring
design and operation (see References [25] and [52]). Y
) 4

The following subclauses are intended to inform the designer an‘d pipeline operator on how to decide
on the correct parameters to be used to avoid negative 1mpacﬁs on the pipeline integrity.

Impurities within the CO; stream can result in negatlve'\mpacts on the pipeline integrity. As a|part
of the design process, limits shall be specified fophé/maximum levels of impurities within thq CO>
stream, and robust measurement equipment shall B¢ installed to monitor the composition against this
specification prior to its entry into the pipelinendiinex A provides further information on this.

¢ -

5.2 Pure CO; N

5.2.1 Thermodynamics .

The thermodynamic propertiés dfCOz, particularly the saturation pressure, shall be taken into acqount
because they have a signifiéahimpact on the design of the pipeline. If the MAOP is above the crjtical
pressure, then the criticalypressure shall be used as the principal parameter in the design. This ayoids
ductile fracture in the'wall of the line pipe unless the operating envelope with regard to pressur¢ and
temperature is such th it can be demonstrated that the pressure and temperature at the saturfation
line are always bélow the critical pressure and critical temperature. For other parameters, the MAOP
shall be used a\éescrlbed in 7.3.
4
5.2.2 Cl{emical reactions and corrosion

With{hﬁ‘e COg, there will be no chemical reactions or internal corrosion in the pipeline.
\\
5,8 COy streams

5.3.1 Thermodynamics

It shall be considered that the phase diagram and the physical and chemical properties will change
depending on the CO; stream composition, leading, amongst other things, to changed values of the
saturation pressure compared to pure CO;. The highest value of the saturation pressure shall be the
principal design parameter to avoid ductile fracture, unless the operating envelope with regard to
pressure and temperature is such that it can be demonstrated that the pressure and temperature at the
saturation line is always below the critical pressure and critical temperature. This saturation pressure
for the specific stream may be determined by use of the GERG formula (see ISO 20765-2) or any other

© IS0 2016 - All rights reserved 5
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similarly validated formulae or other validated methods which are appropriate for the specific CO;
composition, e.g. Reference [37].

5.3.2 Chemical reactions

The different impurities within a CO; stream shall be taken into account because they have the
potential of reacting together to form other compounds. The presence of these other compounds has
the potential to affect the thermodynamic properties of the CO; stream. The worst case will result in a

free fvater phase, solid deposition or corrosion. These potential effects should be modelled or confirmed
experimentally. N

NI
- - N ./
5.4 | Mixing of CO2 streams \‘.\
-
The gonnection of new sources to an operating pipeline system could result in the CO; streamno longer
meetling the previous design specification and shall be subject to a design review to énstire that the

chanjged composition is still appropriate for the pipeline design and operation. NG
\, "j
6 Concept development and design criteria ,‘ v
- \ ’
6.1 | General A

This|clause includes requirements and recommendations related td;désign issues that are specific to
CO7 gnd that are usually considered as part of the pipeline concep{c phase.

N
CO;3 pipelines shall be designed in accordance with 1ndust(y recogmzed standards and applicable

regujatory requlrements » \
o

6.2 | Safety philosophy AV

Safefy is ensured in different ways in differént countries. Some countries use risk-based and
probpbilistic design and operation phllosophJes others use deterministic concepts. These concepts can
be fqund in existing pipeline standards sqch* as IS0 13623, EN 1594, AS 2885, or other standards (see
Biblipgraphy). Hence, for risk assessmept, risk management and hazard identification, the designers
and pipeline operators should refertgithese pipeline standards.

In capes where, in the design of thetpipeline, the existing pipeline standards require a classification of the
fluid|with respect to potentlal \lazards to public safety, the differences in hazards shall be recognized
compared to other fluids; ‘e g 'natural gas. It shall be considered that there is limited statistical data
relevjant to CO7 pipeline§,‘e.g. Reference [56]. Users should be aware that because of the different design
critefia and operationalconditions, other pipeline incident databases, e.g. for natural gas pipelines, may
not gccurately reflestAhe situation appropriate to COz streams. Therefore, they should be used with
cautjon. ~§‘:

Failure statistis for onshore and offshore pipelines shall be considered separately, particularly in
relatjon fo-Bhe causes of external third party damage. Statistical databases relevant to the application
should be tsed but if data assembled in a different nation or geographical region are used, appropriate
factqrsshall be applied where there are differences in design approach. For instance, requirements for

minimum ground cover of a pipeline can vary from one country to another, as a result of which the
frequency or severity of damage to the pipeline by third parties can correspondingly also vary.

The frequency analysis should examine the available historical incident data in detail to extract and
use the most relevant data for a particular CO; pipeline project. When applying failure statistics, the
designer shall consider pipelines designed according to equivalent codes.

Incident data from other relevant pipeline systems may also be consulted and assessed carefully as
input to any frequency analysis. Examples could include data from the Bibliography.

6 © IS0 2016 - All rights reserved
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For internal failure mechanisms, such as corrosion, the application of pipeline failure statistics should
be made with caution and only be applied on the basis that there is adequate control of the water and
acid dew point of the CO, stream. The lack of dew point control is expected to increase the potential for
failure in the COy pipelines as the internal corrosion rate increases significantly.

6.3 Design criteria

The design specification shall be consistent and aligned throughout the whole process from CO;
production to storage, e.g. the specification of impurity limits in the CO; stream shall be adequptely
considered. N
¢ \\"
N

7

In assessing the reliability and availability of a pipeline, it shall be considered that Jthe reliability or
availability of one part of the process from CO; production to storage has dé51gn and operatjonal
impact on other parts. When assessing the availability of a component witliii the pipeline system,
due attention should be paid to the operational interdependency with ophgii¢omponents, becausg the
components of a pipeline system including pumps and valves are necessarlly very interdependent| Due
attention should also be paid to the provision of redundancy or dlverﬁn:y for key components in ¢rder
to provide high operational availability and to avoid shut-in CO2 ¢r thé need to vent pipeline volimes
between valves. ,‘\ y

6.4 Reliability and availability of CO; pipeline systems

-
.

6.5 Short-term storage reserve :»

~N
Short-term storage within the pipeline can be used@sya’buffer to smooth out some variations ir} CO;
deliveries and receipts. The extent to which shor&term storage reserve and other buffering solufions
may be used should be reviewed and optimized %@gainst other project drivers both in the design ffhase
of a project as well as during operations.

-
-

"M

Consideration should be given to the limited availability of short-term storage reserve in dense-ghase
pipeline systems. More short-term stOtdge reserve capability is possible in gaseous phase pipeline
systems. 2

!
v

6.6 Access to the pipeliné sttem

Any third party access togan’existing or proposed pipeline shall conform to the requirements of this
document. SR

X/ \/
6.7 System dgsigr; principles

6.7.1 Genexal

The gé¢ e‘I}l'design principles are defined in existing standards for oil and gas pipelines. In additipn to

these;the following design principles shall apply for CO>.
3

-

%6,7.2 Pressure control and overpressure protection system

A pressure protection system shall be used unless the pressure source to the pipeline cannot deliver a
pressure in excess of the incidental pressure including possible dynamic effects.

For a pipeline operated in the dense phase, the pressure control system shall be designed to ensure that
the dense-phase condition is retained both within the operating envelope (see 3.24), reduced flow rate
and in a pipeline shut-in situation.

Unless the materials of the pipeline or pipeline system are selected to accommodate such a situation,
the pressure control system should be configured to ensure that there is a sufficient margin to free
water formation (see 6.8) in case of a pipeline shut-in condition.
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Venting of CO, to atmosphere to restore pressure levels within a pipeline is permissible, but the design
shall ensure that any venting does not lead to significantly higher exposure of personnel to adverse
impacts, or significantly affect the environment. The phase changes of the vented CO; and subsequent
dispersion of the resultant plume should be modelled as described in Annex B to ensure this.

6.8 Pipeline dehydration — General principles

6 8 Particular acnacte ralatad a0 CO
0. e CadraSpecesrerdtea+to0co2

It shpuld be taken into account that adequate pipeline dehydration of the CO; stream is essential\\fo}
corrgsion control (see 7.1) and to reduce the potential for hydrate formation (see 6.8.3). \' v g

NOTH As pipeline dehydration is part of capture process, refer to ISO/TR 27912. N\

6.8.1 Maximum water content $

Watdr content should be specified in terms of parts per million on a volume 315 (ppmv) and the
maxjmum concentration should be determined such that hydrates will not form aly corrosion and solids
formpation will be within design margins. The maximum water content will d&pend on the operational
condiitions and should be specified on the basis of relevant field experlence “reliable experimental data
or e¥perimentally verified models. For further information, see Annex.A \ v

’ »

.

6.8.3 Avoidance of hydrate formation :»

~N
The potential for hydrate formation both in gaseous and dénse-phase CO; shall be considered with
referlence to the water content in the CO, stream. \

LR

In addition to the potential for forming CO; hydrate, the potentlal for forming hydrates from other non-
condensable components shall be considered. N

The potential for forming hydrates during pipelin’e‘\commissioning or re-start shall be considered with
referfence to the pipeline dewatering procedus®'and potential for residual water in the pipeline after
presfure testing. ‘ <

The primary strategy for hydrate prqveﬁtion should be sufficient dehydration of the CO; stream prior
to it pntering the pipeline system. Watér content should be controlled and monitored at the inlet of the
pipeline system. o

X

" /
6.8.4 Reliability and preéision of pipeline dehydration

Valid calibration certifi€ates should exist for the water monitoring system. Calibration should be
performed, taking th€project-specific CO; stream into account, as other impurities within the stream
may finfluence t}Q‘r'eadings. The reliability could be improved by using two separate water monitoring
syst¢ms.

N,

The $peed hf‘response to the detection of “out-of-specification” water content should be defined based
on al|l apRr'oprlate assessment of the consequences.

-3

6.9 Flow assurance

6.9.1 Particular aspects related to CO2 streams
With reference to flow assurance, the following particular issues should be considered:
— effect of CO2 stream temperature and pressure on flow capacity;

— effect on topographic characteristics, such as elevations for vapour pressure and valleys for
overpressure;
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— transportation in gaseous or dense phase;
— hydrate formation, potentially causing pipeline blockage or corrosion.

Two-phase flow should be avoided in a pipeline system to reduce the risks associated with unpredictable
phase changes taking place. These phase changes can occur at different times or locations along the
pipeline route, dependent on the temperature, pressure and composition.

In case two-phase flow cannot be avoided for any reason, it should be given special consideration during
design and operation (see References [25] and [52]).

N
6.9.2 Thermo-hydraulic model \' v

In the pipeline design, an experimentally verified thermo-hydraulic model should be‘us}d’:co investjigate
— impacts of topography, g NS

— pressure surge, R N

— free water drop-out,

o
— release scenarios — controlled and accidental (venting), 4 WV
-\
— pipeline shut-in and start-up, (X
& .
— pipeline depressurization, J
%
. N
— heat transfer to the surroundings, 9,
4

— part-operating characteristics (pressure losses:\;;otential for phase changes) (see Clause 9),
— variations in ambient temperatures (air, gi'ofmd and sea, but note lower impact offshore),
— transient and cyclic operation and spoﬁ-term storage reserve, and

— pressure and performance testingiof valves and equipment.

v

The thermo-hydraulic model shofild, as a minimum, be able to account for

a) two-phase single and multi-component fluid, and

b) steady-state congdifions.

6.9.3 Pipelin%@esign capacity

When deterifﬁrﬁng pipeline capacity, consideration should be taken for any short-term storage regerve
strategy fvo\rsmoothmg out upstream or downstream transients, noting that the impact of such pregsure
fluctua&ons shall be taken into account when assessing the fatigue life of the pipeline and its assocfated

compohents

'It shall be consuiered that 1ncrea51ng the concentratlon of impurities in the CO7 stream w111 gendrally

1mpur1t1es ThlS w111 have 1mp11cat10ns on the requlred pipeline smng (e g. plpehne wall thlckness) or
inlet pressure or distance between intermediate pump stations.

Recognized thermo-hydraulic tools and suitable physical property models for the composition of the
CO3 stream shall be applied and documented for determination of the pipeline flow capacity.

The pressure throughout the pipeline system should be optimized during the design phase, as a COy
stream arriving at the injection point at a pressure that is significantly above the required injection
pressure will result in wasted energy.
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6.9.4 Reduced flow capacity

In addition to the designed flow capacity, it shall be documented through thermo-hydraulic analysis
that the pipeline is able to operate at a reduced flow without significant operational constraints or
upset conditions being experienced.

6.9.5 Available transport capacity

Seaspnal, daity and weekly varfations Iim ambient temperature snatl be considered I the Thermo-

hydrpulic design process due to its effect on the density of the CO2 stream. \
Effedt of temperature (seasonal variations) is likely to be more pronounced for onshore plp\lines
compared to offshore pipelines, however, depending on geographical location. \9

6.9.4 CO; temperature conditions e

Due to the significant reduction in density of a dense-phase CO; stream with incrg@si'n'g temperature,
the temperature at the upstream boundary limit (i.e. post—compressmn/pumpmgl ofthe pipeline should
be mlinimized. Cooling of the CO7 stream after intermediate compression can slgnlflcantly increase the
capafity of the pipeline. O

6.9.7 Internal lining o~

Appljcation of an internal lining to reduce pressure drop or foglother purposes is generally not

recommended due to the following: =

— dletachment of the internal lining in a pressure reduction\situation, due to diffusion of CO7 into the
pace between the lining and steel pipe during norm'aQ)peration or due to low temperature during
epressurization. It should be noted that the de;:ompressmn effects may be gradual, i.e. start as
listering and ultimately cause full detachment \\g

— dlamaged lining can be transported to the rec‘eiving facilities, causing process upsets or plugging of

injection wells; A
-

* ‘- - - . - . . . - -
— {the difficulties associated with prewiding consistent internal lining over site welded joints: inferior
linings can lead to preferential ¢grbésion sites being set up.

If an|internal lining is applied, th& material shall be qualified for compatibility with CO; streams and
the ability to withstand releyg'r\lppipeline decompression scenarios.

A

6.9.4 External therng'l insulation

It should be taken-gtoaccount that for a pipeline, the heat ingress from and egress to the surroundings
is dgtermined bySthe difference between the ambient temperature and the temperature of the COy
inside the pipglfite, combined with the insulation properties and burial depth of the pipeline. In case the
tem eratur\et‘di ference is too large, thermal insulation might be considered necessary to protect the

envifonment or the CO2 stream.
) |
=
The |implications of thermal insulation on minimum pipeline temperature in a depressurization

situation should be considered.

6.9.9 Leak detection

Wherever applicable, a leak detection system is recommended, unless justified otherwise by a safety
evaluation. Automated pipeline monitoring is the most widely used technique for leak detection. These
methods use flow, pressure, temperature and other data provided by a SCADA system, and can be
divided into five main types:

— flow or pressure change;

10 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=e1e87b3c2f44f8b9c4bbd5ff8c734dcf

Single user license - Pro Tem Committtee on CCUS (Subgroup A/B) - No reproduction or circulation

IS0 27913:2016(E)

— mass or volume balance;
— dynamic model based system;
— pressure point analysis;

— temperature change.

610 Pinaline lavout
6-10Pipeline layout
\
6.10.1 Valve stations N\
e
D\

The pipeline layout and facilities for depressurization shall be considered in the desigm phase df the
valve stations. .

"\ 4
6.10.2 Block valves R Y
For onshore pipelines, the location and performance requirements of 1nterh1ed1ate block valves should
be based on local legal requirements (if any). ()

N

6.10.3 Check valves \',

The pipeline layout and facilities for depressurization shall be’con51dered in the design phase df the
valve stations. Rapid closing (automatic) check valves (if a®y) may assist in reducing the volurhe of
released product during a release event, but can cause.hiydraulic shocks.

) X

LR

6.10.4 Pumping and compressor stations TR\

~

Dependent on local conditions along the pipeliné’route, intermediate compressor or pumping stafions
could be needed as a part of the pipeline systent (see Figure 1). For a natural gas pipeline, the transpg¢rted
fluid can act as a source of chemical energy\for compressor or pump stations. This is, however, ndt the
case for COy pipelines, but the pressure energy within the CO; stream could be used, e.g. to remote
control valves. It should be understodd that power and signal/control availability can influencg the
optimal location of pump and corp‘pressor stations.

“

6.10.5 Pigging stations and pigging

CO2 pipelines shall be.designed such that in line inspection (pigging) is possible, and pipeline standards
available elsewherésshduld be used in the design to ensure that this is the case (e.g. ensuring minimum
bend radii). PIG 1aunchers or traps may be either temporary or permanent. The primary purpose df the
PIG launcher/tmp is to enable pipeline dewatering and fingerprinting during pipeline commissigning
and internaf\aSpection during operation. A particular aspect related to CO; streams is matdrials
selection(se€ Clause 7). Atmospheric vents from the PIG station shall be designed in such a way] that
ground{ével concentrations of COz and any associated impurities do not reach harmful levels diyiring
depgéSSurizing operations (see 9.2.3).

%.10.6 Onshore vent facility design

At every onshore valve station, permanent vent facilities should be installed where appropriate for
operational flexibility.

As a minimum requirement, one permanent vent facility shall be included to depressurize the pipeline
system. As a general recommendation, each vent facility should have the capacity to depressurize the
volume between block valves, also taking into account the integrity of the pipeline and any other safety
considerations related to the release of CO»>.

Vents should be designed and located in a way that their operation does not result in unacceptable
impacts to personnel or the environment.
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The vent stack may be equipped with a flow control valve connected to a temperature gauge. The set
point for the control valve should be selected with a sufficient margin to the minimum pipeline design
temperature so as to prevent the pipeline being exposed to the sub-design temperature during venting.

An alternative to temperature control is pressure control since the temperature relationship with
pressure can be determined.

Dominant wind directions and topography effects should be considered when selecting the location

and orientation of vent stacks

The height of a vent stack should be assessed based on ’\

— ¢perational means, NS v
7

— health and safety issues, .

— ¢nvironmental impacts (including noise), and
— geographical location. A
Congjideration should be given to the vent tip design so that air mixing at the Vﬁgt’ tip is maximized.

It is recommended that pipeline blow-down valves should be remotelﬁ'operated and opened slowly
such|that adverse effects as a result of Joule-Thomson cooling are avoid€d: Pipeline metal temperatures
should not be allowed to fall below the minimum temperature recom‘mended by material standards.

Seal materials and lubricants should be selected in accordance wrlsh the recommendations given in 7.2.3
and 1.2.4. \

Consfideration should be given to the potential for theimgise produced during venting operations to
affeqt people living or working in close proximity to thejent facilities. In addition, consideration should
be given to the potential effects of noise attenuatlomequlpment on the exit velocity and dispersion of
the Oy stream. 2R

v

\
Additional onshore vent facilities may either bepermanent or temporary. Temporary vent facilities may be
portable for the purpose of depressurizing séctions of the pipeline for inspection, maintenance or repair.
S)
6.10{7 Offshore vent facilities kT

If it §s necessary to vent down cdfnpletely a subsea pipeline, consideration should be given to do this
from| the upstream end (i.e. land), where control is easier to exercise.
N

®

7 Materials and p‘ipelme design

\ \

7.1 Internal‘ém‘rosmn

N\

COp )ipelinqs‘should be designed for corrosion to be within design margins under normal operational
condntlons. For upset conditions, a corrosion management plan shall be developed as part of the design.
Its s o'pe Jshall include a plan to recover from failure of the control. Failures can occur upstream of or

withhmtire plpeune SyStLelll. Foradditiomat lIlIOI‘mdUOl’l, SEE ANNEX C.
7.2 Line pipe materials

7.2.1 General

The selection of materials should be as described in ISO 3183 or other applicable standards and be
compatible with all phases of the CO, stream.

Candidate materials need to be qualified for the potential low temperature conditions that could occur
during pipeline system commissioning, operation, decommissioning or recommissioning.
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7.2.2 External coating

The design of the external coating of CO7 pipelines shall be designed in the same way as that for natural
gas pipelines.

After any incidental or uncontrolled depressurization, the external coating of the pipeline should be
examined to ensure that its design integrity has not been compromised, and the effectiveness of the
cathodic protection should also be confirmed.

The insulation properties of the external coating, including burial depth, should be consideredcs|part
of the overall pipeline heat transfer coefficient. Effect of coating on the temperature for the GA>'stream
should also be considered for planned or unplanned depressurization of the pipeline (see 6\.9\.‘8’ .
7.2.3 Non-metallic materials 4 Y

For the selection of non-metallic materials, it shall be considered that higb ‘f)al)‘tial pressure| CO7
streams cause different types of deterioration mechanisms, in particular, rapid’gas decompressipn of
some non-metallic materials in contact with the CO; stream (e.g. O-rings/Sgals, valve seats, PIGs) when
the pressure is reduced from the dense phase to the vapour or gaseoysphase of the CO stream. Non-
metallic materials shall be qualified to ensure \‘-

— ability to resist rapid gas decompression, _ \'»
-

— chemical compatibility with the CO, stream (see Clause 5) without causing decomposition, hard¢ning

or significant negative impact on key material properties:‘and
\

L ad
— resistance to the design temperature range. \\ ’
U

LR

With respect to elastomers, both swelling and rapiei\gas decompression damage shall be considered.

7.2.4 Lubricants \\ ’

N
For the selection of lubricants, it shall beConsidered that lubricants can dissolve in dense-phase|CO».
Petroleum-based greases and many_synthetic types of grease used in pipeline components, |such
as valves and pumps, can deterigrate in the CO2 stream. The compatibility of the lubricant shdll be
documented for the specified CO38tream composition and operating envelope in terms of pressur¢ and
temperature. kR

4

7.3 Wall thicknesstcalculations

A

7.3.1 Calculat\i'g;n ﬁrinciples — Design loads

The highestafR@dlowest internal pressures, as well as the pressure gradient for the worst case operatjonal
mode, shallbk calculated for the whole pipeline. This calculation shall consider the flow rate, the physical
properties of the CO2 stream, as well as the topographical profile for the pipeline route.

s %
Fér-talculation of the design load, the highest internal pressures and potential negative presgures
(fransient operational modes (e.g. switching and controlling operations at compressor and punjping
stations, valves, branch lines or start-up and shut down of the pipeline) shall be taken into accountThis
is also relevant for operational interruptions which can cause pressure increases or negative pressures
(e.g. due to unintended valve closure or stoppage of compressor or pumping stations). The possibility of
pressure pulses shall also be considered.

The highest calculated internal pressures for pipelines transporting CO; streams in the gaseous or
dense phase shall be drawn to scale for the pipeline route profile.

The minimum and maximum values of system test pressures shall be defined on the basis of the
topography.
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While designing a pipeline system, the maximum and minimum temperatures present during all
operations shall be taken into account including those associated with compression and decompression
of the system.

7.3.2 Determination of minimum wall thickness

For the determination of the minimum wall thickness required for COz pipelines, three different
calculations shall be applied. In particular, these calculations contain the determination of the minimum
wall thickness against

internal pressure, D
ynamic pressure transients, e.g. hydraulic shock, and &

racture propagation. -

7.3.

wategr hammer in 11qu1d pipelines) shall be taken into accog‘i Dynamic pressure alterations can be

. \
perational procedures (closing or opening of Valves durlng operation);

nintentional failure of compressor or pumplng\atlons
0
ranch lines; \

(S
ipeline shut-in and shut-down procedures.
\ Y
If the potential exists for pressuré Surges to occur, the maximum value shall be determined using
presgure surge calculations (Joukowski calculation).

The fesulting pressure increage/6f the design pressure shall be taken into account for the calculation of
the minimum wall thickpess:s

Addifionally, measures{f‘or pressure containment should be considered if necessary, e.g. alignment of
the gperating enveloge’of the valves, the variation of the release and locking mechanisms/times and the
application of fly@eel masses of the pumps of the compressor stations.

characterlstlcs of the COz stream

COy pipelines should be designed with adequate resistance to ductile fracture. The principal means
of fracture control is by the selection of suitable materials or by the installation of suitable fracture
arrestors. Requirements for preventing long running fractures are given in ISO 3183:2012, Annex G,
noting that for high strength steels, the toughness requirements in ISO 3183:2012, Annex G might not
be applicable; in that case, ISO 3183:2012, Annex M shall be applied.

Where the combination of pipeline materials and CO; stream to be transported lies outside the range of
available full scale test data, a full scale test should be conducted to provide confidence that the pipeline
has adequate resistance to ductile fracture.
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Based on knowledge at the time of publication of this document, a suggested approach is given in

AnnexD.

7.3.6 Fracture toughness

The line pipe material should have adequate resistance to ductile fracture and, where feasible, be
capable of arresting running shear fractures. Line pipe should meet the drop weight tear test and
Charpy V-notch requirements specified in ISO 3183. Testing should be conducted over a range of

7.3.7 Overview

their correlation.

S
N
% N
-
N>
'\’/
O‘ |
=
t‘\
N\
N
\\

temperatures to determine the brittle to ductile transition curve.

\

N

N

The principles and recommendations given in this subclause should be considere’d,;because
provide relevant aspects for the pipeline design process. Figure 2 illustrates th¢ (relationship of the
wall thickness as a function of the pipe diameter against different internal pressugés and demonst

¥
NY
N
..
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rates
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] 1 1 1 1 | 1 1 ] a 1
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X  diameter (mm) 6 inj:emafpressure (20 MPa)

Y  all thickness, values depending on material 7 y \{r;te;'nal pressure (10 MPa) + hydraulic shock
dpecification (mm) ,§\§\ internal pressure (15 MPa) + hydraulic shock

1 ot feasible area 19" internal pressure (20 MPa) + hydraulic shock

2 limited weldability \' “10  fracture arrest Ps = 7,2 MPag (see Annex D)

3 limited weight —;“\ 11 fracture arrest Ps = 8,5 MPag (see Annex D)

4  internal pressure (10 MPa) ) » 12 fracture arrest Ps = 9,2 MPag (see Annex D)

5 internal pressure (15 MPa) ) O !

o

.
NOTE 1 The purpose of Figure 2 is toullustrate the design process for wall thickness dimension.

4

NOTE2  The numbers for the Wall thickness have been deliberately omitted to prevent users from inferring
design information from the gr'qpﬁ.

Higure 2 — lllus;r‘ii’on of wall thickness as a function of pipe diameter, different internal
Y’ pressures and different saturation pressures
o A

\‘ -
o

Figute 2 illusttadtes the linear correlation of pipe diameter and the resulting wall thickness depending on
diffefent(inbernal pressures (solid lines). Additionally, Figure 2 illustrates the required wall thicknesses
(dashed hines) for designing a pipeline against hydraulic shocks. Moreover, Figure 2 illustrates the
corr¢lation of pipe diameter and required wall thickness against ductile fracture (curves) calculated
by using the suggested approach in Annex D. That shows that this correlation is independent from the
internal pressure of the steel pipeline. One example (Ps = 7,2 MPag) is based on the assumption that it
is pure CO3 that is being transported. For impure CO3, the required wall thickness shall be calculated
separately for each case, taking into account the specific properties of the CO; stream (here, for
example, Ps = 8,5 MPag and Ps = 9,2 MPag).

An additional aspect which should be considered within the design and construction of a steel pipeline
is a practical/technical limitation. In the example illustrated in Figure 2, areas (shaded grey) are
presented, where it is difficult to construct the pipeline due to the following:

— difficulty to weld because of the large wall thicknesses (>42 mm);
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— too heavy line pipe for transportation and handling during construction;
— inability to carry out field bending.

These aspects shall also be considered separately for every case.

7.4 Additional measures

7.4.1 Dynamic loads due to operation (alternating operation pressure)

\
Pipes which are stressed due to dynamic pressure loads should be designed in accordance w1th'ex1sting
standards for pipelines transporting liquids. “\ v
7/
7.4.2 Topographical profile 4\

)

A dense-phase CO; pipeline design should consider the topographical proflle’due to the hydrogtatic

effects which could lead to higher pressures being realized downstream ofaxcompressor or pump| The

minimum and maximum values of the test pressures should take into apc&unt the local altitude along

the pipeline hydraulic test section. v,
N

7.4.3 Fracture arrestors _ \'»

In case neither fracture initiation control nor fracture propéatlon control is ensured by other means,
fracture arrestors may be considered (see References 2_]*[ and [60])

The spacing and sighting of fracture arrestors should\t)e based on a safety evaluation, and should also
take into account construction and operational _co isiderations. The prevention of external corrgsion
should be considered in the design and 1nstallat10n\)f fracture arrestors.

7.4.4 Offshore pipelines

For offshore pipelines, the differencein alspersmn following a release between that from a CO3 pipeline
and a hydrocarbon pipeline should bétaken into consideration in the design safety assessment.
\:‘

8 Construction A

4

8.1 General Y

X

Due to COy pipelines possibly having higher wall thickness than natural gas pipelines, as part df the
construction pBQ'Eess, consideration shall be given to the specific challenges relating to thicker|wall
pipelines, sueh“as welding, field bending, radius of curvature, hydraulic testing and larger hanflling
equipme&heing utilized.

Thesstandards referred in this document should give the necessary guidance in combination with the
siecific design considerations as provided by the previous clauses.

I IO O TOUTEIIEY

8.2.1 Overview

Pipeline pre-commissioning shall be carried out in accordance with the procedure described in
standards for natural gas or oil pipelines.

The standards referred to in this document contain guidance on the issue of pipeline pre-commissioning
activities and the relevant considerations. In the following subclauses, some specific requirements and
recommendations for the pipeline pre-commissioning activities are given.
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8.2.2 Pipeline dewatering and drying

Due to the particular corrosion issues associated with CO; and water, the pipeline shall be dried to a
sufficient dew point before filling with the CO; stream (see References [50] and [64]).

8.2.3 Preservation before pipeline commissioning

The need for preserving the pipeline between pipeline pre-commissioning and pipeline commissioning
phasgsshalt be assessed: Gases Such as NItrogen or dry air can be USed foT preservation of the pipeling,
but the requirement of the gas quality needs to be assessed. \

The |means of preservation shall be selected with proper consideration toward the plthne
cominissioning requirements. This can include requirements for internal pressure. \9

9 OQperation

N

9.1 | General XY

"N

. 7
The purpose of this clause is to provide minimum requirements for the saf{ dnd reliable operation of
pipeline systems for the whole service life. \.‘

Integrity management for CO pipelines shall take into account the speCIch operating challenges, threats
and fonsequences associated with such pipelines, which are dlffe,rent from those associated with
hydrpcarbon pipelines. The following subclauses cover those gs{qects of commissioning and integrity
mangagement that require additional consideration for CO2 pi{elines relative to other pipelines.

9.2 | Pipeline commissioning N

9.2.1 First/initial/baseline inspection \

RN
A

Itis jlecommended to perform a baseline inte}ligerit pigging run before the pipeline is put into operation.
Thisl|inspection can determine the condition=6f the pipeline and can be used as a reference for later in
line inspections. In addition, the results &‘a“n be used as input to the first inspection plans (see Annex E).

The baseline intelligent pigging run 1‘1;21‘37 be performed in the construction phase.

4

9.2.1 Initial filling and preSsprization with product

After completion of the constructlon activities, hydraulic testing, draining and drying, the pipeline is
cons|dered to be in a C({%dltlon ready for pipeline commissioning.

Presgurization of a\fﬁz pipeline requires special design consideration. The CO; stream should be
injecfted into theinpelme in such a manner to avoid the formation of solids or temperatures to fall below
design valuesiA'number of different techniques may be used to achieve this, including

AN
— ontlzoll'ed filling with CO3,
. o I sudl . _and
— hydrate inhibitors (e.g. glycol, methanol).

9.2.3 Onshore vent facilities

The temperature inside the pipeline should be always above a design temperature dependent on steel
and liner quality to protect external coatings and other non-metallic materials and to prevent the
potential for solid CO; formation within the pipeline during venting. The pressure shall be maintained
above the triple point of the inventory (i.e. 0,52 MPag for pure CO3).
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However, the routine venting of CO; pipelines should be avoided if possible because

6(E)

— it would discharge the large inventory of CO; into the atmosphere (with associated costs,

environmental impact and possible regulatory impacts),

— it would increase the potential for solid formation within the pipeline, and

— it could allow some areas of pipeline material to experience low temperatures as a result of Joule-

Thomson cooling or evaporation of the escaping material.

9.2.4 Pipeline shut-in ,\

QD
A pipeline shut-in procedure should be established. \‘-\

-
Pipeline shut-in should be performed carefully and in a controlled manner. The shutsin procedur
depend strongly on the pipeline layout and utility system, hence, should be established for each sp
pipeline. %

)
N

During a planned shut-in, the pressure in the pipeline should be kept sufﬁider'ltly high to prevent
9 %
— vapour forming for dense-phase pipelines (unless designed to do\soj and

— risk of forming a free water phase. ,‘\ )

In case thereisarisk of the temperature decreasing during shd;—ih, i.e. due to lower ambient temper}

(e.g. in offshore conditions), the potential decrease in texqg;ef"ature shall be considered with refer
t

to the avoidance of two-phase flow phenomena to protectithe system.

In case there is a risk of the temperature ing;‘eé‘sing during shut-in, i.e. due to higher am
temperature, the potential increase in pressure,shall be considered with reference to the overpres
protection system and the design parameters@ﬁthe pipeline system.

\

RN
A

9.2.5 Pipeline depressurization W\

A procedure for planned depressuriz}a‘tion should be established. The procedure should conside

pipeline layout in terms of segme@fation, as well as location, capacity and function of vent facilitieg.

additional information, see 9:243%

Based on operational experience with existing CO; pipelines, it should be considered that the
concerns related to pipeline depressurization are the potential risks associated with low tempers
effects and formatien(of solid CO at low points in the pipeline. The temperature reduction insid
pipeline relates £ofthé pipeline design, operating conditions, ambient conditions and depressuriz
rate. For furth&giRformation, see Annex B.

N4
9.3 Inﬂ'{eétion, monitoring and testing

N)

9.3.1.‘ ‘General

'T‘y\pes of data which may be required in an integrity management plan to manage CO3 specific th

b can
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9.3.2 Inline inspection procedure

Detailed procedures for launching and receiving an in line inspection tool in a CO2 pipeline shall be
developed, in order to ensure that the compression/venting processes does not result in situations

damaging to the inspection equipment or harmful to nearby personnel.
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9.3.3 Monitoring of water content
Water content shall be measured using a moisture analyser. The precision of the instrumentation shall

be considered with respect to the specified margins on water content.

10 Re-qualification of existing pipelines for CO; service

Existing pipelines may only be converted to COp service, provided that they are re-qualified for such

service in accordance with the requirements described in this document.

S
N
% N
-
N>
'\‘/
O‘ |
=
t‘\
N\
N
\\
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Annex A
(informative)

Composition of CO3 streams

This annex provides essential information on the composition of CO; streams which is relevant\er the
definition of the operational envelope during the design phase. The exact composition of the€0» stfeam
will depend on the CO; source and the installed capture technology. “\ v
7
Impurities in a CO2 stream can include the following: .

— oxygen (02);

— water (H20); )
— nitrogen (N3); 9,

— hydrogen (Hy); o

— sulfur oxides (SOy); N

— nitrogen oxides (NOy);

— hydrogen sulfide (H2S); )
— hydrogen cyanide (HCN);
— carbonyl sulfide (COS); g
— ammonia (NH3); \
— amines;

— aldehydes; AR
— particulate matter (PM).

In addition, further ihrp{lrities can occur. Example CO; stream compositions, particularly from the
power plant sect@rean be found in literaturel25], but the data should be handled with care ap the
technology is sQILm development.

Impurities hMlmpacts on the thermodynamic properties of a CO; stream which cannot be predjcted
out of the\propertles of pure COz. Furthermore, impurities can effect corrosion or generate chemical
reactgoms Also, properties of a CO; stream, like viscosity, can change.

Res‘e\arch to identify those impurities that can have a critical impact on the thermodynamic, chemical
<aiid other properties of the CO is still taking place. Indicative levels discussed in literatur¢ are

nraonnfor] 1l cummAaryy 1n 'T"\]'\]a /\ 1
PreottC T o atior Y
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Table A.1 — Indicative levels of main CO3 impurities and factors driving these levels

Species Indicative levels (volumetric composition in ppmy, unless stated as mol%)
CO3 >95 mol%a
H,0 Corrosion, 20 to 630b, Hydrate, <200¢.d Avoiding the formation of corrosive phases and solids
H <0.75 mol%ef <4 % total for all in the pipeline is essential for safe operation of the
2 ’ CO; pipeline system. There are a number of possible
o/ f non-condensable . . .
\p <2 mol%!.8 asses. but individual cross-chemical reactions that have the potential to form
Ar £ guuu i‘l.;uLiUIlb Ty sulfuric/sulfurous acid, nitricacid and elemental sulfur
33
: also be significant when water and SO, NO, NO2, 07 anq HpSare present[f.],
CHy 8 also N0, N204[40]. Presently, there is no publically avails|
co <0,2 mol%jk able model that can predict which of the reactionsjare
- thermodynamically and kinetically possible andfavear-
02 f'.hN_B- Downstream able when the impurities are mixed. Since therhaximum
limitations concentration of a single impurity will d.epe\d/on the
H3S <2008.ik Individual values, concentration of the other impurities, it is'got possible
. each below STEL,m due tolack of data and current underStanding to state a
SO2 Health and Safety < 100k but see Footnote n. | fixed maximum concentration of a Sisigléimpurity when
NO; Corrosion < 50n other impurities are, or may be',‘pres nt.
Amirje The presence of amines, MeOH, EtOH, glycols and othg(\k]a‘t’er soluble components
Methhnol (e.g. HC], NaOH, other salts) will facilitate the farmation of an aqueous phase
(free water) and reduce the concentration of w erj'n the COz at which a separate
Ethapol aqueous phase is formed. The maximum coficentrations that are acceptable will
Glycdi depend on the concentration of the other inpurities (see above note).
-
Co+ <2,5 mol%o° X7

a  Industry accepted interpretation of “overwhelmingly CO2” required by the London Cop¥ention and Protocol which came into force in
Febryary 2007. S,
Nos

b The Cortez and Central Basin pipelines in the USA have 630 ppmv H30, but il\'{ﬁ noted that they also have <26 ppmv of H3S, <14 ppmv
of Oz find no SOy or NOy (see References [61] and [55]). o™~

)

¢ A figure of 250 ppm is recommended in Reference [62], which states {In*case of a system shut-in or start-up, the risk of hydrates is
low if|the water content of the CO; stream is below 250 ppm. In situations’gf rapid depressurization, even a low water content level might
not b¢ sufficient to avoid hydrates.” An additional margin has been.ap jed to recognize this. The maximum acceptable concentration will
deperjd on the pressure/temperature operation window. It is recognized that a number of pipelines have been operated for a long time
with 3 target water concentration of 630 ppmv without reporgted l'ay‘drate incidences. See also Footnote b.

d Hor measures to avoid hydrate formation, see C.2. \
e Jee C.2 for criteria on which the hydrogen content §hoﬁla be decided.

f The presence of “non-condensables”, particularlx'lrlz, HzS and Ny, but also 02, Ar, CH4 and CO affects the decompression behaviour of
the CQy streaml23] and this should be taken intd ‘Cbustderation when considering methods to avoid running shear fracturel39].

g  The presence of “non-condensables” CHg, N»and HzS can affect the solubility of water in the CO2 stream.
\d

X
h 2 content to be such that it does npt.promote acids formation, solids formation and corrosion that adversely affect the operational
integgity of the pipeline over the des'ign\liletime, noting that a much lower level of Oz can be required to avoid unwanted downstream
impadts. ¢

® .
i The Weyburn pipeline ha$9 080 ppmv of HS[58], noting that the CO3 is dry (<20 ppm)[55], and that the oilfield into which the CO3 is
being|injected is already souri' y

. .

j The level of impuritweﬁuired to cause CO2-CO cracking under pipeline operating conditions is not yet known. However, it has
been fonfirmed thatingprder for cracking to occur, water needs to be present and that the presence of Oz enhances the susceptibility to
crackjng.

o

k  Health and~s‘aéty impacts of individual impurities within the CO2 stream are only relevant if their concentration is such that the
comb|ned toxf€ harmful effect of the impurities is greater than the CO; itself. The limitations on harmful toxic substances in the CO;
comppsitionshould be specified such that the harm criteria are determined by exposure limits for CO rather than the other harmful
toxic fompdunds, i.e. the permissible level of an impurity can be arranged such that, in the event of a severe uncontrolled discharge, the
harmfulfokic effect of CO2 dominates that of the impurity; hence, the former is not relevant, as the recipient would already be affected by

the COZ-Ttshould be documented that the combined hazardous elfects have been properly taken into account including the partitioning of
impurities between the gaseous and dense phases, noting that toxic components do not necessarily act separately or independently. For
examples, see References [61] and [63].

1 The presence of H2S in the CO7 stream can promote corrosion at lower water levels than in pure CO2[51].

m  STEL: Short-term Exposure Limit, the acceptable average exposure over a short period of time, usually 15 minutes as long as the
Time Weighted Average is not exceeded.

n  There is experimental evidence that even at levels of <50 ppmv of NOy and SOx nitric and sulfuric acid can be formed[44].

o Hydrocarbon content should have a dew point such that condensation does not occur within the operational envelope (combined
pressure and temperature) of the pipeline.
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In ANSI/NACE MRO0175/ISO 15156-1, the onset of Sulfur-Induced Stress Corrosion Cracking (SICC)
is related to the presence of water, HpS and the pH of the fluid being transported. If the pipeline
dehydration of CO stream is such that corrosion is not anticipated or no free water is formed, (thus no
pH is measurable), it would then not be necessary to assess the pipeline for SICC. If the water content
is such that it is likely that a water phase will be present, then an assessment using the criteria of
ISO 15156 should be carried out and an appropriate grade of steel selected.

S
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Annex B
(informative)

CO> characteristics

\

Accidental release of CO; Y

AN\
Accidlental release of CO2 (controlled pipeline depressurization is described in 9.2.5) from ‘quinitial
densg phase to ambient conditions involves decompression and expansion of the released medium with
a corresponding drop in temperature of the released medium and remaining inventory. s~

COy

liffers from the decompression of hydrocarbons because the release can appea¥ as a combination

of galseous and solid state CO2[35]. S

Any
stre

"N

5o0lid components in the CO; inventory can potentially impart erosive tn:o'perties to the release
gm. Direct impingement of this stream has the potential to affect ‘eritical equipment. Safety

assegsments should consider this possibility as a part of the design processt
LY

The
sign
miti
coul

¥

oule-Thomson temperature reduction through the fracture/op%nfng at the leak point may not be

ificantly more pronounced than for volatile hydrocarbons~MeaSures to predict and, if necessary,

gfate against running ductile fracture should be considefed in the design. Mitigation measures
include fitting fracture arrestors or increasing the wzill\l\thickness of the pipeline (see 7.3.5).

W
Ever| though CO> is a colourless gas, a release from a CQyitventory will most likely cause condensation
of the water saturated in the ambient air, resultingJyma’fog type cloud visible to the human eye (until

the

flelease cloud warms to above the air’s dew. pQilit temperature). This can be a good indicator of

the dxtent of a plume of CO2, but instruments shqil‘ld be installed at facilities or carried by operational
perspnnel to detect the presence and concent,ra%ion of COz in a release situation and not rely upon visual
indidators. A release of COz above the ambient air dew point temperature will be invisible to the naked

eye
COy

the

pipe

dince there will be no condensing vKa‘fer or solid COy particles. In this situation, harmful levels of
fan arise without any visible indication and this factor should be considered. Releases of CO; from

ak is significant, in which.¢ase, calm weather fly-overs or boat patrols along the length of the
ine can be able to detect{theém. These visual methods of inspection for leaks can be triggered by

offs}Fre pipelines are unlikely to be detected by the appearance of bubbles reaching the surface unless
1

leak detection methods (see'§.§.9), or third-party observations, such as fishing vessels.

B.2

Release ra;gs/\ ’

Accidental rel€ase Tates from a CO; pipeline primarily differ from a hydrocarbon pipeline because of
the fotentialfo¥'phase changes within the flow expansion region.

-

To e able\mbdelling of accidental release rates, the transient thermo-hydraulic behaviour of the pipeline
shou’d’be considered.

Calc

24

ulation of the transient release profile should include, but not be limited to
hole size and geometry,

variations in the mass flow rate of the CO, stream over time,

pipeline diameter, length and topography,

initiation time and capacity of pipeline depressurization system,

temperature, pressure and chemical composition of the CO; stream,
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— heat transfer between pipeline and the surrounding environment, and

— closing time of any inventory segregation valves (e.g. block or check valves).

B.3 Dispersion modelling

Empirical models for estimating the dispersion of released gases in air and liquids are readily available;

however, they may need further validation for CO2 in CCS-scale applications. Accidental release o

COy

differs from other typical fluids in terms of formation of a solid state (see 6.9.2).

Effects that should be considered within the modelling, include

release quantity, rate and pressure,
ambient temperature and weather conditions,

leak profile,

jet direction (consider both impinging and free jets),
release gas density,

wind speed and direction,
atmospheric stability class,
air humidity,

surface roughness, and

S

impurities and their partitioning betwee\r{g:éseous and dense phases.

It is expected that the effect is larger for:h}rge leaks and full bore ruptures than for small rele
When the cold stream of CO hits the-grgithd, a small release will be heated by the surface; howet
the leak is large and/or long lasting, less of the CO; stream will be heated by the surface and the ¢
of sublimed CO; is expected to be}arger.

\ Y

In addition to being influencedby the wind, the heavier than air CO; stream will spread out sidey
with off-axis ground level concentrations being higher than for a neutrally buoyant or buoyan
release. Ground topography (e.g. slopes, hollows, valleys, cliffs, streams, ditches, road/rail cuttings
embankments) and physical objects (e.g. buildings), as well as wind direction, may have a signifj
influence on the spread and movement of a CO; cloud. Particular care should be taken in identi
topographical fe\,atpres and assessing how this may impact the consequences of a CO3 release.

Modellingreleases from underground pipelines should receive careful consideration since the c
formatlon\afid subsequent release flow could significantly reduce the momentum and therefor
mixing*qf the release, thereby decreasing the dispersion.

N

ases.
rer, if
ffect

vays,
L gas
b and
icant

ying

rater
e air

Subherged releases of COz may be modelled in a similar way as for hydrocarbon gas having similar

(mplecular weight (i.e. propane). Dispersion models are available, but the designer should ensurd

that

ff‘lpv have heen validated for COy in CCS-scale nnhhrahnnq or make snitable ndmcfmpan
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Annex C
(informative)

Internal corrosion and erosion

\
C.1 | Measures to minimize internal corrosion QY
Field experience and experimental work show that CO, without other impurities than water well’lbelow
the spturation limit is non-corrosive to carbon steel at transportation pipeline operation conditions.

N\ 4
For g carbon steel pipeline, internal corrosion is a significant risk to the pipeline infegrity in case of
insufficient pipeline dehydration of the CO2 stream. Free water combined with the high CO; partial
pressure may give rise to high corrosion rates, primarily due to the formation ofcarbonic acid.
X

Therje are currently no reliable models available for the prediction of corro§iefi rates with sufficient
prec]sion for the high partial pressure of CO; and free water, althoughqth%r‘e is ongoing research in
this firea. <\ Y

& .

. o . . )
C.2 | Impact of impurities on internal corrosion 24

W

N 4
The presence of free water with H3S can induce severe HzS-induiced corrosion phenomena.
-

The presence of other chemical components such as NOy 6?’§Ox can lead to a free water phase containing
strong acids, significantly increasing the corrosion r\a\te,’

Based on the present understanding of CO2 corrdgioh mechanisms at high partial pressure, there exists
signifficant uncertainty, particularly considering:the effects of other components in the CO2 stream. The
mosf up to date research should be consultedduring pipeline design.

v
The water content should be such thatyunder all operational conditions, hydrate formation in the
low femperature regions of the pipéline is avoided and internal corrosion of the pipeline is within an
acceptable design range.

4

W
= K/ ™
C.3 | Internal corrosgon\control

The primary strategy f(ir'iriternal corrosion protection should be sufficient pipeline dehydration of the
CO7 gtream. N4

o".
Gengrally, it is réeommended to operate the system such that internal corrosion is avoided through
operptional captrol. Off-specification operations may occur and the likelihood of such events should be
evaljated.as.part of the system design.

A cofrdsion allowance may be applied to the wall thickness for the complete pipeline or for shorter

stretches. Tolerance to oll-specification water content over shorter time periods should also be
considered.

C.4 Measures to minimize erosion

The particulate content within the CO2 should be such that it is within the limits that will allow it to be
compressed without causing damage to the impellors of the compressor or pump. This will be specific
to the composition of the particulate. A guideline of <1 mg/Nm3 with a maximum particle size of <10 um
may be used.
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The bubble point for hydrogen within the CO; stream should be determined for the lowest pressure
and highest temperature in the pipeline. A design margin should be introduced such that the normal
operating temperature is 10 % less than this, or the normal operating pressure is 5 % higher than this.
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