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Foreword

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

The preecedures—tsed—to—developth CHIERE—S ptended—for-tts—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria riepded for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all su¢h*patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation on the meaning of [SO specific terms and expressions related to conformitylassessment,
as well as information about ISO’s adherence to the World-Trade Organization (WTO) prinfiples in the
Techhical Barriers to Trade (TBT) see the following URLZwww.iso.org/iso/foreword.html.

The ¢ommittee responsible for this document is ISQ/TC 265, Carbon dioxide capture, transp@rtation, and
geolqgical storage.
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ction

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
primary means of transporting CO2 from the point-of-capture to storage (e.g. depleted hydrocarbon
formations, deep saline aquifers), where it will be retained permanently or used for other purposes
[e.g. Enhanced Oil Recovery (EOR)] to avoid its release to the atmosphere. While there is a perception
that transporting CO; via pipelines does not represent a significant barrier to implementing large-scale
CCS, there is significantly less industry experience than there is for hydrocarbon service (e.g. natural
gas) and there are a number of issues that need to be adequately understood and the associated risks
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on of CO; that are not already covered in existing pipeline standards such as [SO 1]
EN 1594, AS 2885 or other standards (see Bibliography). Existing pipeline standards
issues related to the design and construction of CO; pipelines;“\hewever, there are
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Key

1  dource of CO3 from capture, e.g. from power plant, 10 riser (Qut of transport scope)
industry; see ISO/TR 27912 (capture) 11 subsea valve (inside transport scope)

2 ipolating joint 12 (beach valve

3 boundary limit 13> offshore pipeline

4 gther source of CO2 14 onshore pipeline

5 IS0 27913 (transportation system inside) 15 wvalve

6  boundary to storage facility 16 landfall

7  o¢nshore storage facility 17 open water/sea

8  offshore storage facility 18 third party transport system

9 EOR 19 export to other uses than 7,8 and 9

20 intermediate compression or pumping

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

1 Scope

This document specifies additional requirements and recommendations not covered in existing pipeline
stangtards forthe tramsportationr of €07 StreanTs fronT the capture Site to tie storage facitity where it is
primlarily stored in a geological formation or used for other purposes (e.g. for EOR or CQige).

This|document applies to
— 1igid metallic pipelines,
— pipeline systems,

Inshore and offshore pipelines for the transportation of CO; streanas,
— ¢onversion of existing pipelines for the transportation of COgstreams,
— pipeline transportation of CO; streams for storage or utilization, and
— {ransportation of CO3 in the gaseous and dense phasés:

The $ystem boundary (see Figure 1) between capture'and transportation is the point at thie inlet valve
of the pipeline, where the composition, temperature and pressure of the CO; stream is within a certain
specified range by the capture process or processes to meet the requirements for transportation as
described in this document.

The boundary between transportation(and storage is the point where the CO; stream leaves the
trangportation pipeline infrastructute and enters the storage infrastructure.

This|document also includes aspects of COy stream quality assurance, as well as conyerging CO;
stregms from different sources.

Health, safety and envirohment aspects specific to CO; transport and monitoring are consiflered.

2 Normativereferences

The following documents are referred to in the text in such a way that some or all of their content
constitutes tequirements of this document. For dated references, only the edition cited [applies. For
unddtedeferences, the latest edition of the referenced document (including any amendments) applies.

SO 31837201Z, Petroleurn and natural gas INdustries — Steet pipe for pipeline transportation systems

ISO 20765-2, Natural gas — Calculation of thermodynamic properties — Part 2: Single-phase properties
(gas, liquid, and dense fluid) for extended ranges of application

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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sure

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

CO; stream
stream consisting overwhelmingly of carbon dioxide

3.3

corrosion allowance

extrawall tl
(internal/ex

3.4

critical poi
highest tem
equilibrium

Note 1 to ent
bubble and th

3.5
critical pre
vapour pres

Note 1 to ent

3.6
critical ten
temperaturg

Note 1 to ent

3.7
dense phas
CO7 in its lig

3.8

ductile frag
mechanism
considerabl

Note 1 to ent
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ternal) during the design operational life

nt
berature and pressure at which a pure substance (e.g. CO2) can exist as agas and a liqy

I'y: For a multicomponent fluid mixture of a given composition, the criticabpoint is the merge
e dew point curves.

ssure
sure at the critical temperature (3.6)

Fy: The critical pressure for pure COy is 7,28 MPag.

perature
e above which liquid cannot be formed simply by increasing the pressure

Fy: The critical temperature of pure CO2\s-304,03 K.

e
uid or supercritical phases

ture
which takes place by the propagation of a crack or stress-raising features, linked W
e amount of plastic deformation

Fy: A “ductilg fracture” is sometimes referred to as “shear fracture”.

3.10

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

psion

1id in

bf the

ith a

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
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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

3.14

maximum design temperature
highest possible temperature to which the equipment or system may reasonably be exposed locally

3 3 olloas pa | £
durllﬂs HStarratronantoperation

3.15
max
high
instg
3.16
mini
lowe

durinpg installation and operation

3.17
mini
lowe

durinpg installation and operation

3.18
non-
chen

3.19
oper
limit
the e
3.20
pipe
activy
trang

3.21
pipe
proc
maxi

jmum operating pressure
est possible pressure to which the equipment or system may reasonably be gxposed lo
llation and operation

mum design temperature
Kt possible temperature to which the component or system niay*reasonably be exp

mum operating pressure
5t possible pressure to which the equipment or systém may reasonably be experie

condensable gases
ical substances that are partially in thevapour state at pipeline operating conditions

ating envelope
ed range of parameters over which operations will result in safe and acceptable per
quipment or system during'eperation

line commissioning
ities associated with'the initial filling and pressurization of the pipeline system with t}
ported

line dehydration

md for the transportation system can be achieved

cally during

osed locally

nced locally

formance of

e fluid to be

ess of removing water from a CO; stream (3.2) to a level below saturation such thaf the design

3.22

pipeline dewatering
removal 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

© ISO

1 to entry: The term “saturation pressure” is also referred to as “saturation vapour pressure”.
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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
produce another negative impact if not adequately controlled

3.27

triple poin

temperaturs{
thermodyn3

4 Symbg

4.1 Symbh

Cy

Ccf

Oa
Ps
oD

C
Y
T
F
A
M
A
M
E

4.2 Abbr

CCS
EOR
GERG
IMP
MAOP
PIG
SCADA
SI

C
E

e and pressure at which three phases (gas, liquid and solid) of a substance coeXi
mic equilibrium

)ls, abbreviated terms and units

ols

Notched-bar impact value of the pipeline steel (])

brrection factor (--)

bung’s modulus (MPa)

pst patch = 80 mm?2

ow stress (MPa)

verage pipe radius (mm)

inimum wall thickness of the pipé(mm)

rrest stress (MPa)

aximum saturation presstire’(gauge pressure) in MPag; for pure CO> critical pressure = 7,28

kternal diameter ofthe pipe (mm)
pviated terms

hrbon dioxide Capture and Storage

hhanced Oil Recovery

st in

MPag

Groupe Européen de Recherches Gazieres (European Gas Research Group)

Integrity Management Plan

Maximum Allowable Operating Pressure

Pipeline Inspection Gauge

Supervisory Control And Data Acquisition

Systéme International d'unités (International System of Units)
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Units

All units used in this document are SI units.

3:2016(E)

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 ve

The
Refe]
will ¥
in de
this 1

Inca
desig

The
on th

Impy

of thie design process, limits shall be specified for the*maximum levels of impurities wit

streg
spec

5.2

5.2.1

The 1
beca
pres
duct
temp
line
shall

5.2.2
With

thermodynamic and chemical behaviour of pure CO; can be found in literature,(see,
rence [50]). In the usual operating envelope for CO; transportation, the temperature g
rary and will be project-specific. CO2 can be in the gaseous or dense phase~There is a |
nsity between gaseous and dense phases when the CO3 is close to the saturation pres;
eason, operation close to the saturation condition should be avoided.

e two-phase flow cannot be avoided for any reason, it should be given special consider
n and operation (see References [25] and [52]).

following subclauses are intended to inform the designerfand pipeline operator on hd
e correct parameters to be used to avoid negative impacts on the pipeline integrity.

rities within the CO; stream can result in negativesimpacts on the pipeline integrit

m, and robust measurement equipment shall be‘installed to monitor the composition
fication prior to its entry into the pipeline. Anhex A provides further information on tl

Pure CO2

Thermodynamics

hermodynamic properties-0f‘CO3, particularly the saturation pressure, shall be taken
ise they have a significantimpact on the design of the pipeline. If the MAOP is abovg
bure, then the criticalpréssure shall be used as the principal parameter in the design
le fracture in the wall’of the line pipe unless the operating envelope with regard to p
erature is such that it can be demonstrated that the pressure and temperature at th
ire always below the critical pressure and critical temperature. For other parameter
be used as.déscribed in 7.3.

Chemical reactions and corrosion

pure COy, there will be no chemical reactions or internal corrosion in the pipeline.

ry different from those of hydrocarbon fluids and can influence all stages of the pipelink life cycle.

for example,
nd pressure
arge change
ure, and for

htion during

w to decide

y. As a part
hin the CO2
against this
his.

nto account
the critical
This avoids
ressure and
e saturation
5, the MAOP

5.3

CO; 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

© ISO

2016 - All rights reserved


https://standardsiso.com/api/?name=bdef236f2fd2b40f4b6291cf2b911772

IS0 27913:2016(E)

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 water phase, solid deposition or corrosion. These potential effects should be modelled or confirmed

experimentally.

5.4 Mixiy

The connect
meeting the
changed corj

6 Conce

6.1 Gene

This clause
CO2 and tha

COy pipelin
regulatory 1

6.2 Safet

Safety is e
probabilisti
be found in
Bibliograph
and pipeling

In cases whe
fluid with r
compared t
relevant to (
criteria and
not accuratg
caution.

g of CO2 streams

ion of new sources to an operating pipeline system could result in the CO; stredm.no Iq
previous design specification and shall be subject to a design review to gnsure tha
hposition is still appropriate for the pipeline design and operation.

pt development and design criteria

ral

includes requirements and recommendations related to<design issues that are speci
[ are usually considered as part of the pipeline conceptphase.

bs shall be designed in accordance with industty’ recognized standards and appli
equirements.

y philosophy

hsured in different ways in different countries. Some countries use risk-based
C design and operation philosophiés; others use deterministic concepts. These concept
existing pipeline standards such-as ISO 13623, EN 1594, AS 2885, or other standards
V). Hence, for risk assessment, risk management and hazard identification, the desig
operators should refer td these pipeline standards.

re, in the design of the pipeline, the existing pipeline standards require a classification
espect to potential'iazards to public safety, the differences in hazards shall be recog
b other fluids, e.gonatural gas. It shall be considered that there is limited statistical
[0 pipelines;e:g. Reference [56]. Users should be aware that because of the different d
operationdbeonditions, other pipeline incident databases, e.g. for natural gas pipelines
ely refleCt the situation appropriate to CO2 streams. Therefore, they should be used

;Ef the

nger
t the

fic to

rable

and
5 can
(see
Iners

ized
data
bsign
may
with

Failure stat

isties for onshore and offshore pipelines shall be considered separately, particulay

ly in

relation to the causes of external third party damage. Statistical databases relevant to the application
should be used but if data assembled in a different nation or geographical region are used, appropriate
factors shall 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.
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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 adequately
considered.

6.4 | Reliability and availability of CO; pipeline systems

In ag
avail
imp
due
com
atter
to pr
betw

6.5

Shor
deliv
may
ofaf

Cons

pipeline systems. More short-term storyage reserve capability is possible in gaseous ph

systg

6.6

Any

6.7

6.7.1
The

C
}tention should be paid to the operational interdependency with othén components,

sessing the reliability and availability of a pipeline, it shall be considered that the j
ability of one part of the process from CO; production to storage has design and
t on other parts. When assessing the availability of a component within the pipe

onents of a pipeline system including pumps and valves are necessdrily very interdep
tion should also be paid to the provision of redundancy or diversity for key compone

een valves.

Short-term storage reserve

[-term storage within the pipeline can be used asca buffer to smooth out some varia
eries and receipts. The extent to which short-terun storage reserve and other bufferi
be used should be reviewed and optimized against other project drivers both in the d
roject as well as during operations.

ideration should be given to the limited-availability of short-term storage reserve in

ms.

Access to the pipeline-System

System design principles

General

perreral design principles are defined in existing standards for oil and gas pipelines. Iy

eliability or
operational
ine system,
because the
endent. Due
nts in order

ovide high operational availability and to avoid shut-in CO2 or-the need to vent pipeline volumes

kions in COy

ng solutions
esign phase

lense-phase
hse pipeline

third party access to-an-existing or proposed pipeline shall conform to the requirenpents of this
document.

1 addition to

thesg

p, the following design principles shall apply for CO».

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

6.8.1 Particular aspects related to CO3

It should be taken into account that adequate pipeline dehydration of the CO; stream is essential for

corrosion cq
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ntally verified models. For further information, see Annex As

nl for hydrate formation both in gaseous and dense-phase CO; shall be considered
the water content in the CO3 stream.

o the potential for forming CO; hydrate, thepotential for forming hydrates from other
components shall be considered.

] for forming hydrates during pipeline commissioning or re-start shall be considered
the pipeline dewatering procedure’and potential for residual water in the pipeline
ting.

 strategy for hydrate prevention should be sufficient dehydration of the CO; stream
o the pipeline system. Water content should be controlled and monitored at the inlet ¢
fem.
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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 CO stream temperature and pressure on flow capacity;

overpressure;

ased

effect on topographic characteristics, such as elevations for vapour pressure and valleys for
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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]).

6-9-L Thcn 11i9v h_ydrau};\. mudcl
In the pipeline design, an experimentally verified thermo-hydraulic model should be used t¢ investigate
— impacts of topography,

I:essure surge,

— free water drop-out,

— Ttelease scenarios — controlled and accidental (venting),

— pipeline shut-in and start-up,

— pipeline depressurization,

— leat transfer to the surroundings,
— part-operating characteristics (pressure losses;potential for phase changes) (see Clauge 9),
— YVariations in ambient temperatures (air, ground and sea, but note lower impact offshorg),
— fransient and cyclic operation and shert-term storage reserve, and
— pressure and performance testing of valves and equipment.

The thermo-hydraulic model should, as a minimum, be able to account for
a) fwo-phase single and multi-component fluid, and

b) 4teady-state conditions.

6.9.3 Pipeline‘design capacity

Wheh determining pipeline capacity, consideration should be taken for any short-term stofage reserve
strategy fdrsmoothing out upstream or downstream transients, noting that the impact of sych pressure
fluctpations shall be taken into account when assessing the fatigue life of the pipeline and itfs associated
comperents:

It shall be considered that increasing the concentration of impurities in the CO; stream will generally
reduce the flow capacity of the pipeline, depending on the type, quantity and combination of the
impurities. This will have implications on the required pipeline sizing (e.g. pipeline wall thickness) 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

Seasonal, daily and weekly variations in ambient temperature shall be considered in the thermo-
hydraulic design process due to its effect on the density of the CO; stream.

Effect of te
compared t
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ignificant reduction in density of a dense-phase CO; stream with incredsing tempera

d. Cooling of the CO stream after intermediate compression can significantly increas|
he pipeline.

rnal lining

of an internal lining to reduce pressure drop or for other purposes is generally
ed due to the following:

nent of the internal lining in a pressure reduction.situation, due to diffusion of COy int

lines

ture,
jould
e the

' not

o the

btween the lining and steel pipe during normatoperation or due to low temperature dfiring

urization. It should be noted that the decompression effects may be gradual, i.e. stq

rt as

d lining can be transported to the receiving facilities, causing process upsets or plugging of

h wells;

culties associated with prowviding consistent internal lining over site welded joints: inferior

fan lead to preferential corrosion sites being set up.

1l lining is applied, théymaterial shall be qualified for compatibility with CO; stream;
withstand relevaitpipeline decompression scenarios.

brnal thermalinsulation

and

taken into/account that for a pipeline, the heat ingress from and egress to the surroundings

bd by~the difference between the ambient temperature and the temperature of thd

pehne comblned with the 1nsu1at10n propertles and burial depth of the plpellne In cag

COy

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

— temperature change.
6.10 Pipeline layout

6.10.1 Valve stations

The pipeline layout and facilities for depressurization shall be considered in the desigh’phase of the
valve stations.

6.10{2 Block valves

For gnshore pipelines, the location and performance requirements of intermediate block valves should
be b3sed on local legal requirements (if any).

6.10{3 Check valves

The pipeline layout and facilities for depressurization shalldbe“Considered in the design phase of the
valve stations. Rapid closing (automatic) check valves (ifsany) may assist in reducing the volume of
reledsed product during a release event, but can cause hydraulic shocks.

6.10{4 Pumping and compressor stations

Depgndent on local conditions along the pipeline route, intermediate compressor or pumping stations
could be needed as a part of the pipeline system (see Figure 1). For a natural gas pipeline, the fransported
fluid|can act as a source of chemical energy for compressor or pump stations. This is, however, not the
case|for CO; pipelines, but the pressure-energy within the CO; stream could be used, e.g. to remote
contfol valves. It should be understoed that power and signal/control availability can ipfluence the
optirhal location of pump and conipréssor stations.

6.10|5 Pigging stations and.pigging

CO3 pipelines shall be designed such that in line inspection (pigging) is possible, and pipelirfe standards
availpble elsewhere-should be used in the design to ensure that this is the case (e.g. ensuriing minimum
bend radii). PIG launchers or traps may be either temporary or permanent. The primary purpose of the
PIG lpuncher/trap’is to enable pipeline dewatering and fingerprinting during pipeline coamissioning
and [nternakinspection during operation. A particular aspect related to CO; streams s materials
seledtion (see Clause 7). Atmospheric vents from the PIG station shall be designed in such a way that
groupd-Tevel concentrations of COy and any associated impurities do not reach harmful lg¢vels during
depressnirizing operations (see 9 2 3)

6.10.6 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

— operatipnal means,

— health gnd safety issues,

— environmental impacts (including noise), and
— geographical location.

Consideratipn should be given to the vent tip design so that air mixing at the vénttip is maximized,

It is recommnended that pipeline blow-down valves should be remotely operated and opened slowly
such that adverse effects as a result of Joule-Thomson cooling are avoided. Pipeline metal temperatures
should not He allowed to fall below the minimum temperature reconiitnended by material standards.

Seal materidls and lubricants should be selected in accordance with the recommendations given in|7.2.3
and 7.2.4.

Consideratipn should be given to the potential for the neise produced during venting operations to
affect peoplg living or working in close proximity to the¥ént facilities. In addition, consideration should
be given to the potential effects of noise attenuation equipment on the exit velocity and dispersipn of
the COy strefam.

Additional opshore vent facilities may either be permanent or temporary. Temporary vent facilities mpy be
portable forjthe purpose of depressurizing sections of the pipeline for inspection, maintenance or repair.

6.10.7 Offdhore vent facilities

If it is necegsary to vent down-cempletely a subsea pipeline, consideration should be given to dq this
from the upstream end (i.e. landj, where control is easier to exercise.

7 Materjals and pipeline design

7.1 Interhal«cerrosion

CO; pipelinésshoetld-be-designedforcerrosionto-be-withindesignmarginsundernormal-eperational
conditions. For upset conditions, a corrosion management plan shall be developed as part of the design.
Its scope shall include a plan to recover from failure of the control. Failures can occur upstream of or

within the pipeline system. For additional information, 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 considered as part
of the overall pipeline heat transfer coefficient. Effect of coating on the temperature for the CO, stream

should-alsa be considered for p]annpd or nnp]annpd r]nprnccnri’7::finn ofthe pipﬂ]inn (cpn 598)

7.2.3 Non-metallic materials

For the selection of non-metallic materials, it shall be considered that highrpartial pressure CO;
stregms cause different types of deterioration mechanisms, in particular, rapid gas decoipression of
somg non-metallic materials in contact with the CO; stream (e.g. O-rings, séals, valve seats} PIGs) when
the gressure is reduced from the dense phase to the vapour or gaseous phase of the CO; stream. Non-
metdllic materials shall be qualified to ensure

— ability to resist rapid gas decompression,

— ¢hemical compatibility with the CO, stream (see Clause 5)4vithout causing decomposition, hardening
or significant negative impact on key material properties, and

— 1esistance to the design temperature range.

With|{ respect to elastomers, both swelling and rapidigas decompression damage shall be copsidered.

7.2.4 Lubricants

For the selection of lubricants, it shall:beconsidered that lubricants can dissolve in densg¢-phase CO5.
Petrgpleum-based greases and many_synthetic types of grease used in pipeline companents, such
as valves and pumps, can deterigrate in the COy stream. The compatibility of the lubridant shall be
docujmented for the specified COystream composition and operating envelope in terms of gressure and
temperature.

7.3 | Wall thickness.calculations

7.3.1 Calculationprinciples — Design loads

The highest and'lowest internal pressures, as well as the pressure gradient for the worst casd operational
mode, shatlbe calculated for the whole pipeline. This calculation shall consider the flow rate,the physical
propgrties’of the CO; stream, as well as the topographical profile for the pipeline route.

For calculation of the design load, the highest internal pressures and potential negative pressures
transient operational modes (e.g. switching and controlling operations at compressor and pumping
stations, valves, branch lines or start-up and shut down of the pipeline) shall be taken into account. This
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,

— dynamig pressure transients, e.g. hydraulic shock, and

— fractur¢ propagation.

7.3.3 Minimum wall thickness (tninpp) depending on internal pressure

The determination of the minimum wall thickness (tminpp) depending on internal pressure alone should
be calculated on the basis of existing pipeline standards.

7.3.4 Minimum wall thickness (tninns) taking into account dynamie pressure alterations
(hydraulic $shock)

For the determination of the minimum wall thickness, the CQg>hydraulic shocks (comparable with
water hammer in liquid pipelines) shall be taken into account, Dynamic pressure alterations cdn be
caused by, for example:

— operatipnal procedures (closing or opening of valve§’during operation);
— unintenftional failure of compressor or pumping.stations;

— branch lines;

— pipeling shut-in and shut-down procedures.

If the potential exists for pressure-surges to occur, the maximum value shall be determined yising
pressure sufge calculations (Joukowski calculation).

The resulting pressure increasé-of the design pressure shall be taken into account for the calculation of
the minimufn wall thickness.

Additionally, measures;for pressure containment should be considered if necessary, e.g. alignmgnt of
the operating envelepe of the valves, the variation of the release and locking mechanisms/times and the
application pf flywheel masses of the pumps of the compressor stations.

7.3.5 Minimum wall thickness (¢t.;,pr)againstductilefracture |

Design considerations shall include pipe diameter, wall thickness, fracture toughness, yield strength,
operating pressure, operating temperature, the operating regime of the sources and the decompression
characteristics of the COy 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
Annex D.

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
temperatures to determine the brittle to ductile transition curve.

7.3.7_0Qverview

The pprinciples and recommendations given in this subclause should be consideredy because they
provide relevant aspects for the pipeline design process. Figure 2 illustrates the relatiopship of the
wall thickness as a function of the pipe diameter against different internal pressurés'and d¢monstrates
their{ correlation.
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|
200 300 400 500 600 700 800 900 1000 1100,.3200 1300 1400 X

Key

X  diameter (mm) 6  internal pressure (20 MPa)

Y  wall thickness, values depending on material 7 _Afternal pressure (10 MPa) + hydraulic shock
specification (mm) 8+ “internal pressure (15 MPa) + hydraulic shock

1 notfeasiple area 9  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)

NOTE 1 TIe purpose of Figure 2 is te.illustrate the design process for wall thickness dimension.

NOTE 2  The numbers for thewall thickness have been deliberately omitted to prevent users from infdrring
design information from the graph.

Figure 2 — Illustration of wall thickness as a function of pipe diameter, different internal
pressures and different saturation pressures

Figure 2 illugtrates the linear correlation of pipe diameter and the resulting wall thickness dependipg on
different internal pressures (solid lines). Additionally, Figure 2 illustrates the required wall thicknesses
(dashed lines) for designing a pipeline against hydraulic shocks. Moreover, Figure 2 illustrates the
correlation 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;

— i
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7.4

nability to carry out field bending.

e aspects shall also be considered separately for every case.

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 with existing
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Topographical profile

hse-phase CO; pipeline design should consider the topographical profileydue to the
ts which could lead to higher pressures being realized downstream of @ compressor o
mum and maximum values of the test pressures should take into agcount the local al
ipeline hydraulic test section.

Fracture arrestors

se neither fracture initiation control nor fracture propagation control is ensured by d
ure arrestors may be considered (see References [22],45] and [60]).

spacing and sighting of fracture arrestors should-be based on a safety evaluation, and
into account construction and operational considerations. The prevention of extern
Id be considered in the design and installatipniof fracture arrestors.

Offshore pipelines

ffshore pipelines, the difference indispersion following a release between that from a

Construction

General

Lo CO7 pipelinés’ possibly having higher wall thickness than natural gas pipelines, af

pipe

equipmentbeing utilized.

The $tandards referred in this document should give the necessary guidance in combinat

fruction proeess, consideration shall be given to the specific challenges relating to
ines, such/as welding, field bending, radius of curvature, hydraulic testing and larg

hydrostatic
pump. The
itude along

ther means,

should also
hl corrosion

CO; pipeline

| hydrocarbon pipeline should be-taken into consideration in the design safety assessnjent.

part of the
thicker wall
er handling

on with the

specific design considerations as provided by the previous clauses.

8.2

Pipeline pre-commissioning

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
phases shall be assessed. Gases such as nitrogen or dry air can be used for preservation of the pipeline,
but the requirement of the gas quality needs to be assessed.

The means ipeline

commissionfing requirements. This can include requirements for internal pressure.

9 Operation

9.1 General

The purpose of this clause is to provide minimum requirements for the safe‘and reliable operatipn of
pipeline systems for the whole service life.

Integrity mgnagement for CO pipelines shall take into account the spe¢ific operating challenges, threats
and conseqpences associated with such pipelines, which are different from those associated |with
hydrocarbon pipelines. The following subclauses cover those aspects of commissioning and intejgrity
management that require additional consideration for CO; pipelinies relative to other pipelines.

9.2 Pipeline commissioning

9.2.1 Firdt/initial/baseline inspection

Itis recommniended to perform a baseline intelligent pigging run before the pipeline is put into opergtion.
This inspection can determine the condition.af the pipeline and can be used as a reference for later in
line inspectjons. In addition, the results éan‘be used as input to the first inspection plans (see Anng¢x E).

The baseling intelligent pigging runimay be performed in the construction phase.

9.2.2 Initjal filling and pressurization with product

After completion of the eonstruction activities, hydraulic testing, draining and drying, the pipeline is
considered fo be in a cendition ready for pipeline commissioning.

Pressurizatfon of @=CO; pipeline requires special design consideration. The CO; stream should be
injected intg the pipeline in such a manner to avoid the formation of solids or temperatures to fall elow
design valugsCA number of different techniques may be used to achieve this, including

— controlled filling with CO»,
— use of an intermediate gas, such as nitrogen, 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

it would discharge the large inventory of CO; into the atmosphere (with assoc
environmental impact and possible regulatory impacts),

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

Thomson cooling or evaporation of the escaping material.

9.2.4 Pipeline shut-in

iated costs,

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

A pigeline shut-in procedure should be established.

Pipeline shut-in should be performed carefully and in a controlled manner. The shutin pr
depend strongly on the pipeline layout and utility system, hence, should be established for ¢
pipeline.

Durihg a planned shut-in, the pressure in the pipeline should be kept suffieiently high to pr

yapour forming for dense-phase pipelines (unless designed to do se);and

fisk of forming a free water phase.

Inca

(e.g.
to th

ce there is arisk of the temperature decreasing during shit-in, i.e. due to lower ambient {
n offshore conditions), the potential decrease in temperature shall be considered wi
e avoidance of two-phase flow phenomena to protect'the system.

In c{
temp
prots

erature, the potential increase in pressure shall be considered with reference to the o
pction system and the design parameters ef the pipeline system.

9.2. Pipeline depressurization

bcedure for planned depressurization should be established. The procedure should
ine layout in terms of segmentation, as well as location, capacity and function of vent f
additional information, see 9.2.3)

Based on operational experience with existing CO; pipelines, it should be considered th
concerns related to pipeline depressurization are the potential risks associated with low {
effects and formatiofiof solid CO; at low points in the pipeline. The temperature reductid
pipeline relates toythe pipeline design, operating conditions, ambient conditions and depr
rate.|For further;information, see Annex B.

9.3 | Inspection, monitoring and testing

bcedure can
ach specific

pvent

emperature
th reference

ise there is a risk of the temperature increasing during shut-in, i.e. due to higher ambient

verpressure

ronsider the
qcilities. For

at the main
emperature
n inside the
Pssurization

9.3.1—General

Types of data which may be required in an integrity management plan to manage CO; spe
and consequences are shown in Annex E.

9.3.2 Inline inspection procedure

cific threats

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 i
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 CO; service, provided that they are re-qualified for such
service in accordance with the requirements described in this document.
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This annex provides essential information on the composition of CO; streams which is relevant for the
definition of the operational envelope during the design phase. The exact composition of the CO; stream

will

Impy

— oxygen (02);

—

vater (H20);

— Iitrogen (N2);

ydrogen (Hy);

gulfur oxides (SOy);

q

q

q

itrogen oxides (NOy);
ydrogen sulfide (H2S);
ydrogen cyanide (HCN);
arbonyl sulfide (COS);

dmmonia (NH3);
amines;

jldehydes;

articulate matter (PM).

lepend on the CO, source and the installed capture technology.

rities in a CO stream can include the following:

In addition, further impurities can occur. Example CO; stream compositions, particulafly from the
powgr plant sectof, ¢an be found in literaturel25], but the data should be handled with|care as the
techpology is stillin development.

Impyrities have impacts on the thermodynamic properties of a CO2 stream which cannot lpe predicted
out df the\properties of pure COy. Furthermore, impurities can effect corrosion or genergte chemical
reactions: Also, properties of a CO; stream, like viscosity, can change.

Research to identify those impurities that can have a critical impact on the thermodynamic, chemical
and other properties of the CO is still taking place. Indicative levels discussed in literature are
presented in summary in Table A.1.
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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%)

CO2

>95 mol%a

H;0

Corrosion, 20 to 630b, Hydrate, <200¢.d

H>

<0,75 mol%ef <4 % total for all

N2

non-condensable . . .
<2 mol%fsg cross-chemical reactions that have the potential to

Ar

gasses, but individual
f contributions may

CHgy4

fg also be significant

co

<0,2 mol%;jk

Avoiding the formation of corrosive phases and solids
in the pipeline is essential for safe operation of the
CO; pipeline system. There are a number of possible

form

sulfuric/sulfurous acid, nitric acid and elemental sulfur
when water and SO2, NO, NO2, 02 and H,S are present[33],
also N0, N204[40]. Presently, there is no publically avail-
able model that can predict which of the reactions are

02

Thermodynamically and Rinetically possibie and 3]
able when the impurities are mixed. Since the pdxi
concentration of a single impurity will depend o

fhNB. Downstream
limitations

H>S

concentration of the other impurities, it isjnot po

<2008k Individual values,

SOy

due to lack of data and current understandingto s

each below STEL,m ' \ ¢ > ) :
fixed maximum concentration of a single impurity

k1
Health and Safety < 100 but see Footnote n.

NO;

Corrosion < 50n other impurities are, or may be, présent.

our-
mum
n the
sible
tate a
when

Amine

The presence of amines, MeOH, EtOH, glycols and otherwater soluble compo

Methanol

(e.g. HCI, NaOH, other salts) will facilitate the formation of an aqueous j

Ethanol

(free water) and reduce the concentration of watéx inf the CO2 at which a sep
aqueous phase is formed. The maximum concentrations thatare acceptabl

Glycol

depend on the concentration of the otherdmpurities (see above note).

hents
hase
arate
e will

C2+

<2,5 mol%?o

a  Industrya
February 2007,

b The Cortez
of 02 and no SO|

c

A figure of
low if the water]
not be sufficien
depend on the

with a targetw

d  For measu

e

See C.2 for

f The prese
the CO7 stream

g8  The prese]

h 0y contenf]
integrity of thel
impacts.

i The Weyb
j The level

been confirme(
cracking.

Fcepted interpretation of “overwhelmingly CO2” required by the London Convention and Protocol which came into fd

and Central Basin pipelines in the USA have 630 ppmv H20, but itis@boted that they also have <26 ppmv of H;S, <14
or NOy (see References [61] and [55]).

250 ppm is recommended in Reference [62], which states “IniCase of a system shut-in or start-up, the risk of hydr
content of the CO2 stream is below 250 ppm. In situations\¢frapid depressurization, even a low water content level
[ to avoid hydrates.” An additional margin has been applied to recognize this. The maximum acceptable concentratid
bressure/temperature operation window. It is recognized that a number of pipelines have been operated for a lon
hter concentration of 630 ppmv without reported hydrate incidences. See also Footnote b.

Fes to avoid hydrate formation, see C.2.
criteria on which the hydrogen content should be decided.

ce of “non-condensables”, particularly,\H,, H2S and N3, but also Oz, Ar, CH4 and CO affects the decompression behavi
23] and this should be taken into consideration when considering methods to avoid running shear fracture[30].

ce of “non-condensables” CHg, No.and H3S can affect the solubility of water in the CO; stream.

to be such that it does not premote acids formation, solids formation and corrosion that adversely affect the operal
pipeline over the desjgh lifetime, noting that a much lower level of Oz can be required to avoid unwanted downs

rn pipeline has g 000 ppmv of H2S[58], noting that the CO3 is dry (<20 ppm)[55], and that the oilfield into which the

being injected if already sour:

f impurity, required to cause CO2-CO cracking under pipeline operating conditions is not yet known. However,
that in_oxdér for cracking to occur, water needs to be present and that the presence of Oz enhances the susceptibi

k  Health and

safety impacts of individual impurities within the CO; stream are only relevant if their concentration is such th

rce in

ppmv

tes is
might
n will
b time

our of

tional

ream

Oz is

it has
ity to

ht the

combined toxi

harmrul efTect oI the 1mmpurities 1s greater than the LUz 1Tsell. The Timitations on harmrul ToXIC substances 1n t

e COy

composition should be specified such that the harm criteria are determined by exposure limits for COy rather than the other harmful
toxic compounds, i.e. the permissible level of an impurity can be arranged such that, in the event of a severe uncontrolled discharge, the
harmful toxic effect of CO2 dominates that of the impurity; hence, the former is not relevant, as the recipient would already be affected by
the CO3. It should be documented that the combined hazardous effects 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 NOx 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.
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Annex B
(informative)

CO> characteristics

B.1 Accidental release of CO>

Accidental 1

dense phass¢
a correspon

COy differs
of gaseous

elease of COy (controlled pipeline depressurization is described in 9.2.5) from ani
to ambient conditions involves decompression and expansion of the released medium
ding drop in temperature of the released medium and remaining inventory.

rom the decompression of hydrocarbons because the release can appeafi as a combin
d solid state CO2[35].

T
Any solid c¢mponents in the CO; inventory can potentially impart erosive pfoperties to the re

stream. Dir
assessment;

The Joule-T

ect impingement of this stream has the potential to affect-¢ritical equipment. S
should consider this possibility as a part of the design proceéss.

omson temperature reduction through the fracture/opening at the leak point may n

significantly more pronounced than for volatile hydrocarbons. Measures to predict and, if neceg
mitigate against running ductile fracture should be considered’in the design. Mitigation meaj;

could inclu

Even thouglh
of the wate
the release

the extent o
personnel td
indicators. 4
eye since th|
CO3 can ari{
offshore pip
the leak is §
pipeline can
leak detecti

B.2

Accidental 1
the potentia

e fitting fracture arrestors or increasing the wall thickness of the pipeline (see 7.3.5).

COy is a colourless gas, a release from a COpsinventory will most likely cause condens
saturated in the ambient air, resulting in\a fog type cloud visible to the human eye
cloud warms to above the air’s dew p@int temperature). This can be a good indica]
ff a plume of CO2, but instruments shduld be installed at facilities or carried by operat]
detect the presence and concentration of CO3 in a release situation and not rely upon v
\ release of COz above the ambient air dew point temperature will be invisible to the nj
ere will be no condensing water or solid CO; particles. In this situation, harmful lev
e without any visible indi€ation and this factor should be considered. Releases of CO2
elines are unlikely to bé detected by the appearance of bubbles reaching the surface u
ignificant, in which(case, calm weather fly-overs or boat patrols along the length g
be able to detect.them. These visual methods of inspection for leaks can be triggerg

bn methods (see'6.9.9), or third-party observations, such as fishing vessels.

Release rates

eleds€ rates from a CO; pipeline primarily differ from a hydrocarbon pipeline becau
| for phase changes within the flow expansion region.

hitial
with

htion

ease
hfety

pt be
sary,
ures

htion
until
or of
ional
isual
aked
bls of
from
hless
f the
ed by

se of

To enable modelling of accidental release rates, the transient thermo-hydraulic behaviour of the pipeline
should be considered.

Calculation

24

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 CO; in CCS-scale applications. Accidental release of 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

1

q

q

q

q

It is
Whe
the ]
of su

In ad
with
reled
embq
influ
topo

Mod
form
mixi

I

elease quantity, rate and pressure,

imbient temperature and weather conditions,

ak profile,

t direction (consider both impinging and free jets),
elease gas density,

vind speed and direction,

itmospheric stability class,

jir humidity;,

gurface roughness, and

impurities and their partitioning between.gaseous and dense phases.

expected that the effect is larger for large leaks and full bore ruptures than for sm|
h the cold stream of CO; hits the ground, a small release will be heated by the surface]
pak is large and/or long lasting, less of the CO; stream will be heated by the surface aj
blimed CO> is expected to beJarger.

dition to being influenced by the wind, the heavier than air CO3 stream will spread o
off-axis ground level cencentrations being higher than for a neutrally buoyant or
se. Ground topography (e.g. slopes, hollows, valleys, cliffs, streams, ditches, road/rail
nkments) and physical objects (e.g. buildings), as well as wind direction, may have
ence on the spread and movement of a COy cloud. Particular care should be taken i
braphical features and assessing how this may impact the consequences of a CO relea

lling releases from underground pipelines should receive careful consideration sing
ationtand subsequent release flow could significantly reduce the momentum and t
hg-ofithe release, thereby decreasing the dispersion.

all releases.
: however, if
hd the effect

ut sideways,
buoyant gas
Cuttings and
h significant
identifying
e,

e the crater
herefore air

Submerged releases of COz may be modelled in a similar way as for hydrocarbon gas having similar
molecular weight (i.e. propane). Dispersion models are available, but the designer should ensure that

they
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Annex C
(informative)

Internal corrosion and erosion

C.1 Measures to minimize internal corrosion

Field experi
the saturati

For a carbo
insufficient
pressure md

There are c

precision for the high partial pressure of CO; and free water, although there is ongoing resear

this area.

C.2 Imp4g
The presend

The presend
strong acidq

Based on th
significant
most up to d

The water
low temper
acceptable d

C.3 Inter

The primary
COy stream.

Generally, it

ence and experimental work show that CO2 without other impurities than water well-h
bn limit is non-corrosive to carbon steel at transportation pipeline operation condition

h steel pipeline, internal corrosion is a significant risk to the pipeline integrity in caq
pipeline dehydration of the CO; stream. Free water combined with thé high CO; p3
y give rise to high corrosion rates, primarily due to the formation of carbonic acid.

ct of impurities on internal corrosion
e of free water with H;S can induce severe H;S-indticed corrosion phenomena.

e of other chemical components such as NOy 0r:SOy can lead to a free water phase conta
, significantly increasing the corrosion rate:

e present understanding of COz corrosion mechanisms at high partial pressure, there ¢
ncertainty, particularly considering the effects of other components in the CO; stream
ate research should be consulted during pipeline design.

hture regions of the pipeline is avoided and internal corrosion of the pipeline is with
esign range.

nal corrosion‘econtrol

 strategy forinternal corrosion protection should be sufficient pipeline dehydration

elow
s.

se of
irtial

irrently no reliable models available for the prediction of corrosion rates with sufficient

ch in

ning

Xists
. The

fontent should be such that)under all operational conditions, hydrate formation ip the

n an

f the

isAecommended to operate the system such that internal corrosion is avoided thr

operational

ough

control. Off-specification operations may occur and the likelihood of such events shoulld be

evaluated as part of the system design.

A corrosion allowance may be applied to the wall thickness for the complete pipeline or for shorter
stretches. Tolerance to off-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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